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EXECUTIVE SUMMARY
The Forum of European Highway Research Laboratories (FEHRL) initiated the Forever Open Road Programme as the core of its fifth Strategic European Road Research Programme V 2011-2016 (SERRP V) and
has included key elements in the following revised Strategic European Road and cross-modal Research
and implementation Programme 2017-2020 (SERRP). The Forever Open Road Programme works towards a
next generation of advanced and affordable roads that can be adopted both for maintaining the existing network and building new roads. This will enable road operators to adopt emerging innovations, whilst overcoming
the increasing constraints on capacity, sustainability, reliability and integration. Forever Open Road will also contribute substantially to the way the road transport sector addresses societal challenges.

The next generation of roads will require high levels of adaptation, automation and resilience. These three elements will define the next generation of road as follows:
1st Century
The Adaptable Road: focusing on ways to allow road operators to respond in a flexible manner
to changes in road users demands and constraints
FEHRL’s Flagship Programme
1st Century
The Automated Road: focusing on the full integration of intelligent communication technology
applications between the user, the vehicle, traffic management services and the road operations
HRL’s Flagship Programme
The Resilient Road: focusing on ensuring service levels are maintained under extreme weather
conditions.
st
1 Century

HRL’s Flagship Programme

This Roadmap describes the societal challenges to be addressed by Forever Open Road and the Roadmap for the
research and development programme that has been developed for the Automated Road Element. The aim of
the Automated Road Element is to provide a step change in the use of technology to manage our roads, as well
as to contribute towards the development of new ways of powering vehicles and providing efficient mobility. It
will enable the full integration of future information and communication technologies (ICT) for roadside intelligence with the road user, the vehicle and the road operator.
The Automated Road Element will include:
Comprehensive, interoperable communications systems linking road, driver, vehicle and the operator;
Advanced vehicle and user guidance, speed control, management and direction guidance,
including in-road guidance to manage traffic;
Integrated traffic control, monitoring of traffic and road conditions to improve reliability and efficiency;
Incident monitoring and automated response systems to reduce delays;
Effective road charging and tolling.
Societal challenges, including an ageing population, projected increases in trip generation, increased freight
movement and higher personal mobility are already and will put more pressure on the ability of the road network in Europe to meet increasingly complex demand patterns for both passengers and freight. Without action,
this would lead to increased congestion, lower service levels and higher economic costs, which in turn will decrease European competitiveness. Innovative measures are urgently needed to deal with increased congestion
that exists already.
This Roadmap is based on the following two innovation themes:
Intelligent Traffic Management Strategies (ITMS): This theme concerns management on a network level.
The objective is to guide the road user through the (regional) infrastructure network as safely as possible,
with a minimum loss of travel time and the least possible environmental harm.
Advanced Infrastructure Communication Systems (AICS): This theme is instrumental to enabling the ITMS.
The application of these innovative technologies will become better adapted to specific traffic conditions
and locations. AICS for Automated Roads will initially be applied on specific corridors or segments in the road
network.

1st Century
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An important issue that came up during the update of this roadmap is the need for integrated policies, socioeconomic and behavioural related research and the need for cooperation of all entities in the system, representing
road infrastructure owners, traffic management providers and vehicles producers. Additionally, there is a need
for intermodal cooperation to maximise the benefits of and the link with other transport modes. Road automation relies on the digitalisation of the road infrastructure and connectivity with vehicles that will create new opportunities for the exchange of data to transform traffic management and road operations.
Within the above two innovation themes, eight cohesive entities have been used to develop the research and
innovation topics and the Roadmap for delivery. Research topics include cooperative vehicle to infrastructure
systems, new methods of strategic traffic control, facilitation of self-management, built-in wireless sensors, open
standard interfaces, optimisation of network utilisation, remote operations and the integration of alternative
energy sources and vehicle recharging systems.
Some of the topics would require co-ordination by the European Commission with support from Member States
as there is a need for interoperability or legislation, whilst others could be co-ordinated solely by Member States.
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The following figure outlines the key milestones that have been proposed.
Current Point

Current position of:
	Policy objectives
	Eight entities
Vehicles
	Organisation
Road user
Infrastructure
Measures
Management principles
Data & Information
Traffic control center

Goals from Europe:
	EU Directives
ITS actionplan
	Easyway (Deployment Guidelines)
CEDR
NRA goals
Road network performance
Traffic safety
Cooperation local authorities and
market parties...
Expected position of eight entities

Complexity

Single Technologies Proven

Sub-systems Proven

R&D

Consistent vision on the future
of Traffic management & Automated Roads
based on:
	Long term policy goals
Trends and developments on:
Social demographic
	Economical
Technological (eight entities)

Full Scale Systems Proven

Current Point

Demonstration
Market introduction

2015

2020

2025+

MILESTONE 1

MILESTONE 2

MILESTONE 3

Technology
Cooperative systems:
Technology available
Standardisation finished
	Large scale field trials (partly finished)
Operations
Impact assessment
Cooperative system adopted in traffic
management strategies
Business models available
Deployment plans coordinated with
stakeholders

Automated Roads
Roadside sensor systems available
Automated monitoring available
Automated local Traffic Management
(TM) tested
Regulatory framework adapted
and liability issues largely solved
Automated operation
Cooperative systems deployed
in several regional networks
Automated operation enabled
	Probe vehicle technologies

Automated roads
	Liability for cooperative
controlled driving checked
	Large-scale demonstrator
on (semi) automated driving
Application (e.g. platooning,
intersection control) ongoing
Automated roads enabled

In delivering the Forever Open Road Programme, co-operation will be sought with a number of ‘sister’ national
programmes which have shared aims and goals. These are the “Route 5ème Génération – R5G” (5th Generation of
Roads, France), “Die Straße im 21. Jahrhundert” (the Road of the 21st Century, Germany), the Ferry Free E39 programme (Norway) and the Exploratory Advanced Research (EAR) Program (USA). It is envisaged that there will be
an exchange of ideas and information, as well as a sharing of research expertise, test facilities and demonstrators.

1st Century
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1. Introduction
1.1 Forever Open Road Programme
The Forum of European Highway Research Laboratories (FEHRL) initiated the Forever Open Road in 2010
as its flagship programme. It was at the core of FEHRL’s fifth Strategic European Road Research Programme
(SERRP V)1 covering the period 2011 to 2016, and heavily represented in the subsequent version, with ‘digitalisation’ as one of seven focus areas2. The Forever Open Road programme works towards developing a next
generation of advanced and affordable roads that can be adopted both for maintaining the existing network
and building new roads. This will enable future road operators to adopt emerging innovation, whilst overcoming
the increasing constraints on capacity, sustainability, reliability and integration (of different road interfaces, e.g.
urban and inter-urban and of different modes). The overall aim is to facilitate future mobility needs of our 21st
century society.

The next generation of roads will require high levels of adaptation, automation and resilience. These three elements will define the next generation of road as follows:
1st Century
The Adaptable Road: focusing on ways to allow road operators to respond in a flexible manner to
changes in road users demands and constraints;
FEHRL’s Flagship Programme
1st Century
The Automated Road: focusing on the full integration of intelligent communication technology
applications between the user, the vehicle, traffic management services and the road operations;
RL’s Flagship Programme
The Resilient Road: focusing on ensuring service levels are maintained under extreme weather
st
conditions.
1 Century

RL’s Flagship Programme

A first version of this roadmap was published in 2013 and covered the societal challenges to be addressed by
Forever Open Road and the Roadmap for the research and development programme that has been developed
for the Automated Road Element. As the first milestone (2015) has passed, this second version of the roadmap
will review progress made so far and ensure that the targets set for 2020 and 2025+ remain valid, particularly
given the high speed of development in this area. In addition, as the Forever Open Road is moving from concept
to deployment, there is a compilation of projects and programmes that support the development of the Automated element. The Automated Road Roadmap has been developed through a series of workshops and Steering
Groups held by technical experts and practitioners from FEHRL institutes and supporting organisations.
Annex 1 lists the Steering Group and technical experts who were involved in developing the Roadmap.
1
2

Strategic European Road Research Programme (SERRP V), 2011-2016, FEHRL
Strategic European Road and cross-modal Research and implementation Plan 2017-2020, FEHRL
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1.2 THE AUTOMATED ROAD ELEMENT
The aim of the Automated Road Element is to provide a step change in the use of technology to manage our
roads, as well as to contribute towards the development of new ways of powering vehicles and providing mobility. It will enable the full integration of future information and communication technologies (ICT) for roadside
intelligence with the road user, the vehicle itself and the road operator.
The Automated Road Element will include:
Comprehensive, interoperable communications systems linking road, driver, vehicle and the operator;
Advanced vehicle and user guidance, speed control, management and direction guidance,
including in-road guidance to manage traffic;
Integrated traffic control, monitoring of traffic and road conditions to improve reliability and efficiency;
Incident monitoring and automated response systems to reduce delays;
Smart road charging and tolling;
Cost-efficient and low carbon electric vehicle power provision.
The Automated Roadmap has been based on two innovation themes; Intelligent Traffic Management Strategies
(ITMS) and Advanced Infrastructure Communication Systems (AICS). Table 1 shows the main innovation topics
that would inform the research to be undertaken under these themes to develop the Automated Road.
Research and
Innovation Topic
Innovation theme

Innovation
topics

Additional
Innovation
Topics 2017

Automated Road element of Forever Open Road programme
Intelligent Traffic Management Systems

Advanced Infrastructure Communication Systems

Cooperative systems and automated transport

In-built and wireless sensors

Optimisation of network utilisation

Open Standard interfaces

Traffic management for extreme weather
conditions and maintenance

Vehicle recharging systems

Incident and disaster management
systems and processes

Low energy lighting and signage

Remote operation concepts

Automated asset condition monitoring
and forecasting

User orientated multimodal traffic
and travel information services

Integration of alternative energy sources
and utility functions

Cyber Security

Cyber Security

Vehicle Sensors V2X, I2X

Vehicle Sensors V2X, I2X

Building Information Model (BIM)

Table 1: Innovation Themes and Main Research Topics - Automated Road Element (source: SERRP V programme
(2013) and FEHRL Research Coordinators (2018)).

1.3 SOCIETAL CHALLENGES
The Forever Open Road Programme will contribute substantially to the way the road transport sector addresses
societal challenges3. Table 2 shows the Indicators and Guiding Objectives that Forever Open Road will help to address, specifically in meeting the challenges of decarbonisation, reliability, safety & security, liveability and costs.
The guiding objectives presented in Table 2, below have been taken from FEHRL’s Strategic European Road and
cross-modal Research and implementation Plan 2017 – 20204, with the specific targets based on European or
national strategic targets.
3
4

ERTRAC Strategic Research Agenda 2010: Towards a 50% more efficient road transport system by 2030
Strategic European Road and cross-modal Research and implementation Plan 2017-2020, FEHRL

societal challenges3. Table 2 shows the Indicators and Guiding Objectives that Forever Open Road will help to address, specifically in meeting the challenges of decarbonisation, reliability, safety & security, liveability and costs.
3

Governance

3

Cross and
multi-modal
integration

Resilient

Guiding
objective

Indicator

Automated

Societal
challenge

Adaptable

The guiding objectives presented in Table 2, below have been taken fromThe
FEHRL’s
Strategic European Road and
Automated Road – A Roadmap for Research
cross-modal Research and implementation Plan 2017 – 20204, with the specific targets based on European or
national strategic targets.

Customer satisfaction

≥95% customer satisfaction

Whole life cost

20 – 30% improvement vs 2010 by 2030

SME spend

33% spend with SMEs

Green procurement

≥ 50% green procurement in EU

Road network as part of
integrated transport system

Target 100% capacity use
+30% freight transport efficiency

Infrastructure response to
future mobility scenarios

Automated Road – A Roadmap for Research
+30% improvement andThe
increase
of infrastructure utility

Air quality

Policy compiliance

Upgrading

-50% time lost to upgrades

Maintenance
ERTRAC
Strategic Research Agenda 2010: Towards a 50% more efficient road transport system by 2030
Life extension
+50% extension of infrastructure life
4
Strategic
European Road and cross-modal Research and implementation Plan 2017-2020, FEHRL
& upgrading
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Digitalisation

Carbon
and
Environment

Resilience

Cost

Self-explaining and forgiving road

+40% reduction in KSIs

Adaptation to automated vehicles

+20% increase in capacity for mobility

Infrastructure investment

20-30 cost savings vs 2010 baseline by 2030

Big Data, BIM, IoT

30% cost savings in design/construction by 2025

Traffic management

30% reduction of congestion

Embedded CO2 reduction

-30% intensity to construct, operate & repair

Decarbonisation / electrification

-40% CO2 emissions and air pollutants

Energy harvesting

Net energy production

Reduction in rolling resistance

Lowest practical achievable

Reuse & recycling

100% concrete recycling

Adaptation to extreme weather, climate change & man-made hazards

+50% reduction in downtime
+10% improvement in service levels

Improved safety in extreme weather conditions

+40% improvement

Safety improvement due to digital
environment

+40% reduction in KSIs (by 2030)

Safety for road operatives

No road workers on foot on live carriageway

Safety for vulnerable road users

KSIs in view of proposed rise in active travel

a strong contribution

a moderate contribution

Table 2: Societal challenges addressed in the Forever Open Road Programme
(source: SERRP Programme 2017 - 2020)
Decarbonisation > The Automated Road is expected to increase traffic efficiency through effective network
management, which will improve the efficient use of road capacity. A substantial decrease in traffic hours is expected, resulting in a higher efficiency of passenger and freight transport with less energy consumption per journey kilometre. Furthermore, systems will be available to monitor the effects of traffic and transport on liveability
issues such as air quality and traffic noise. It should be recognised however, that historically greater efficiencies
have resulted in greater total consumption as the cost of activity declines.
Reliability > Intelligent Traffic Management Strategies and Advanced Infrastructure Communication Systems
will improve the reliability
st of the road network. Integrated real-time information and communication systems
Century
will enable road users to1instantly
react to traffic incidents and the subsequent congestion and to plan alternative
journeys while avoiding unintended consequences of diversion onto local routes, such as heavy vehicles being
diverted to roads FEHRL’s
whichFlagship
are not
dimensioned appropriately.
Programme

4

Decarbonisation > The Automated Road is expected to increase traffic efficiency through effective network
management, which will improve the efficient use of road capacity. A substantial decrease in traffic hours is expected, resulting in a higher efficiency of passenger and freight transport with less energy consumption per journey kilometre. Furthermore, systems will be available to monitor the effects of traffic and transport on liveability
issues such as air quality and traffic noise. It should be recognised however, that historically greater efficiencies
have resulted in greater total consumption as the cost of activity declines.
Reliability > Intelligent Traffic Management Strategies and Advanced Infrastructure Communication Systems
will improve the reliability of the road network. Integrated real-time information and communication systems
will enable road users to instantly react to traffic incidents and the subsequent congestion and to plan alternative journeys while avoiding unintended consequences of diversion onto local routes, such as heavy vehicles
being diverted to roads which are not dimensioned appropriately.
Safety and Security > Intelligent Traffic Management Strategies and Advanced Infrastructure Communication
Systems will be developed to put “intelligence into traffic”. Sensor systems will be available to monitor the actual
road situation and to forecast expected traffic situations. This enables road operators to prevent incidents, accidents and delays. This monitoring information will be continuously available to (road) operators, allowing them
to intervene when necessary.
These strategies, communication and sensor systems could also be employed to enhance security, for example,
by enabling surveillance and tracking of suspicious vehicles or activities. Conversely, the addition of sensors and
communication systems will also represent a potential security risk against, for example, malicious hacking, and
this will require the development of advanced cyber-security systems.
Cost reductions > Cost reductions will arise from:
Implementation of an open architecture for systems integration, interfaces and efficient management;
Open standard interfaces, giving opportunities for parties to compete in providing advanced roadside
systems and traffic management systems;
Lower energy consumption from reduced consumption, maintenance and operations, as well as improved
journey time for the user;
Optimisation of network management and incident management;
Indirect cost savings from reduced congestion, incidents and accidents will also arise.
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2. EXTERNAL DRIVERS FOR
THE AUTOMATED ROAD
2.1 INCREASED MOBILITY
Road traffic volumes on Europe’s road network are expected to grow in the next decade as a result of
increasing demand to travel, market globalisation, demographic change and economic development. For
example, according to the EU5, freight transport is expected to grow by 57% between 2010 and 2050 (1.1%
p.a.), and passenger transport growing more slowly (0.6%) but its modal share decreasing.
An increase in growth of between 19-55% has been forecast for the UK6 for the 2010 to 2040 period, whilst in
Europe passenger growth of 1.1% p.a was recorded between 1995 – 2015, 0.8% between 2000 – 2015 and 2.6%
between 2014-2015. For freight traffic, the figures were 1.1%, 0.5% and 1.2% for the same period7. However, this
growth will not be evenly distributed on a European or even national scale, and potential disruptive technologies
such as connected and automated vehicles will create significant uncertainties. Effective transport provision will
be crucial to ensuring European economic competitiveness and the cohesion of society in general. Many of Europe’s urban areas face daily traffic congestion and mobility issues, and these are expected to increase in future8,
not least due to the trend in increasing urbanisation. The global population living in urban areas has increased
from 746 million in 1950 to 3.9 billion in 2014; this represents 54% of the global population is projected to increase to 66% in 2050, although much of this increase will be concentrated in Asia and Africa9.
Major trends are:
Ageing: Europe’s population is ageing considerably, which means that more people will remain in the workforce until a later age, and therefore need to be mobile. As a result, car travel will increase
Increase of trip generation: more trips will be generated by tourism and recreational social events aided by
an increase in social media
Growth of freight & delivery: transport of goods is expected to grow due to economic growth and changes
in the way the logistics in the freight industry operate. Furthermore, developments such as online shopping
will result in a dramatic increase in the door-to-door shipments of goods
Personal mobility: it is expected that in metropolitan areas the number of short trips being made will grow
and will be spread over a longer period of the day. As a result, peak hours will last longer
Sharing economy: shift towards a sharing economy is expected to bring mobility as a service concept (MaaS)
with a potential to reduce the number of privately-owned vehicles and at the same time answer the mobility
needs of new groups without access to private vehicles. This is a great potential of more sustainable mobility
but also more traffic
Whilst these trends are general drivers behind the need for the Automated Road, it is recognised that their relevance and impact will differ between countries and regions. It is also recognised that the pace of change in this
area, particularly in new types of user demand needs for mobility and accessibility (covered in 2.4) and concepts
such as the sharing economy mean that future mobility demands will be uncertain as will be the type of infrastructure to support them.

5
European Union 2013. EU Energy, Transport and GHG Emissions Trends to 2050. Reference Scenario 2013. European Commission DirectorateGeneral for Energy, Directorate-General for Climate Action and Directorate-General for Mobility and Transport ISBN 978-92-79-33728-4
6
UK Department for Transport Road Traffic Forecasts 2015
- https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/411471/road-traffic-forecasts-2015.pdf
7
European Union, 2017. EU Transport in Figures - Statistical Pocketbook
8
https://www.smartcitiesworld.net/special-reports/special-reports/cities-in-a-jam-reducing-urban-traffic-congestion
9
http://www.un.org/en/development/desa/news/population/world-urbanization-prospects-2014.html
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2.2 INCREASED TRAFFIC LOAD ON THE ROAD NETWORK
Globalization, incorporating more worldwide trading and rapidly changing industries and demographics will
lead to significant increases in traffic volumes and axle loads, with truck tonne kilometres predicted to grow by
43% from 2005 to 2030 within the EU27, and 53% for the whole of Europe including Russia, Ukraine and Turkey10.
Whilst efforts continue to be made to encourage individuals and freight to use other modes, road transport will
continue to be the dominant transport mode for both passenger and freight movements for the foreseeable
future. Daily congestion causes an economic loss that is the equivalent to around 1% of Europe’s GDP11; which
amounts to nearly €200 billion annually. A separate study12 focusing on the USA, UK, France and Germany estimated a cost of $200 billion (0.8% GDP) for the four countries in 2013, projected to rise to $300 billion in 2030 based
on three costs – sitting in traffic reducing the productivity of the labour force, inflated transport costs pushing up
the price of goods and the carbon-equivalent cost of exhaust emissions. Even for the more optimistic modal shift
scenario, i.e. the biggest shift from road transport to other modes, the demand for road transport is still predicted
to increase, e.g. for Germany, situated in the heart of Europe and therefore taking a high share of the European
traffic, from 2010 to 2030 the private traffic will rise by 13% (person km) and freight traffic by 38% (tonne-km), the
motorways being affected by 39% (freight traffic, tonne-km) and 10% (private traffic, person km)13.
Europe’s existing road network will not, therefore, be able to cope with future demand for travel by individuals as
well as the increasing need to move freight. The SETRIS project14 identified that 24% of goods vehicles run empty
and the average loading of the remainder is 57%.
Figure 1 illustrates the forecast traffic load on the Trans European Road Network (TERN) for 2030. It shows that
large parts of network will be heavily used in 2030, especially in urban areas.

Figure 1: Forecast Traffic Load (vehicles/day) on European Roads in 203015
Rich, J; Hansen, CO. 2009. Freight transport trends for 2020, 2030 and 2050. Deliverable 4.3. Freight Vision, Freight Transport Foresight 2050.
http://ec.europa.eu/transport/strategies/facts-and-figures/transport-matters/index_en.htm
12
https://www.economist.com/blogs/economist-explains/2014/11/economist-explains-1
13
https://www.bmvi.de/SharedDocs/DE/Artikel/G/verkehrsprognose-2030.html?nn=12830
14
SETRIS project – D2.3 Defining of the concept a “truly integrated transport system for sustainable and efficient logistics”
15
Petersen et al. 2009
10
11
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2.3 DELIVERING FUTURE NETWORK PERFORMANCE
Europe has a mature road infrastructure network, with efforts now aimed at removing ‘bottlenecks’ or the reconstruction of specific sections and interchanges. Furthermore, increased capacity provision is also being sought by
upgrading the available network through advanced operations, management and governance; in other words,
by making roads intelligent. Road authorities and road operators, as the main traffic managers, will play a decisive
role in this since they will seek new solutions to their problems and this will require new research and innovation.
The ability to supply new road transport infrastructure will, however, be limited by a lack of investment monies
and by land-use conflicts, although some parts of Europe and elsewhere will continue to require additional infrastructures to complete existing networks and for intramodality purposes. At the same time, in some areas, the
budgets allocated for road maintenance could decrease in line with low economic growth, as well as increasing
energy costs and a reduced need to move goods over longer distances due to changes in logistics operations and
modal shifts. Furthermore, external costs of accidents are expected to grow to €60 billion annually16, although
this might change depending on the rate of implementation and real-world safety improvements realised by connected and autonomous vehicles.
Europe’s existing road network will not be able to cope with these changes in demand within a changing economic climate. A next generation of road will therefore be needed to provide for the future to enable management of the movement of people and goods in new ways, closely linked to the probable changes in demand.
Most importantly there will be a need to ensure that transport planning is integrated (cross-modal) and linked
holistically to land use planning.

2.4 NEW KIND OF MOBILITY
The rapid development of connected and autonomous vehicles raises many questions about their impact on
infrastructure.
On one side, this new generation of vehicles enables new forms of mobility, such as shared vehicles or autonomous taxis, facilitating concepts such as mobility as a service (MaaS). It answers the mobility needs of the younger
generation, who might choose not to own a vehicle as they are used to the service economy. It is also an answer
to the mobility needs of an ageing population and those with disabilities who may be unable to drive. Should
mobility as a service fully or partially replace the current private vehicle ownership model, it could also facilitate
mobility for those who are currently unable to afford to own a private vehicle, opening employment, health and
education opportunities but also resulting in more traffic.

Figure 2: Autonomous vehicle trials: Greenwich, London (left) and La Défense, Paris (right)
The progressive introduction of these vehicles on the public roads is controversial as it is difficult to estimate the
impact on congestion and on public space and is highly dependent on the levels of autonomy of the vehicle, penetration rates and ownership models. Possible scenarios are e.g. continued private ownership, a shared mobility
or mobility as a service model.
16

European Transport Safety Council. Regulation establishing Horizon 2020
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Depending on the degree of shared rides, simulations show that in the long term, the consequences of the new
vehicles on traffic congestion and on land use may be positive, so that the adaptation of infrastructures would
lead to less costly infrastructures17. In the shorter term, road authorities are very cautious and there have been
some studies18 /19 that project an increase in traffic congestion at low penetration levels, since the new vehicles
will behave in a very safe manner, particularly on the higher speed, strategic road network. Conversely, a report
by the University of Illinois20 suggests that just one car in twenty could have a significant impact in preventing
‘phantom’ traffic jams. At higher penetration levels (e.g. ≥40%), there seems to be consensus that the impact on
congestion will be positive. High penetration rates of shared autonomous vehicles could have a profound effect
in urban environments, as reports from IBM21 indicate that as much as 30% of traffic in cities are people searching
for a parking space.
The needs of autonomous vehicles concerning the adaptation of road infrastructure (e.g. maintenance of road
markings) are also unclear and constant progress in technology (e.g. improvement of in-vehicle camera hardware)
could solve these issues. Therefore, in a first stage, road authorities prefer that autonomous vehicles adapt to
existing infrastructure and only when autonomous vehicles have achieved large scale market penetration will
infrastructure be to their needs.
As mentioned, the pace of technological change is changing rapidly, which makes the linear innovation model
obsolete for infrastructure. In addition to autonomous and connected vehicles, new disruptive technologies could
influence the way roads are designed built and maintained. To mention here are the technologies of 3D printing,
drones, automated cargos, hyperloops, etc22. Another factor is increased urbanisation, mentioned previously, and
especially in the case of megacities, i.e. those with a population of over 10 million inhabitants, of which there were
28 in 2014 home to 453 million people and projected to increase to 41 by 203023. The place of road infrastructure
in smart cities is changing rapidly and the role of new technologies could greatly influence the urban development. On one side, some urban motorways might be transformed into urban boulevards or even closed. On the
other side, new motorway rings are still being constructed, to keep the transit traffic out of the city heart. The land
used by these projects could be reduced using automated vehicles.

2.5 SAFETY
After a large reduction in road fatalities in the past last ten years in particular thanks to the, introduction of automatic speed enforcement programmes, infrastructure improvements and more crash worthy vehicles in many
countries there is now a stagnation of these reductions or even a slight increase, especially concerning vulnerable
road users24. Specifically, it has been suggested that the push towards active travel has caused an increase in fatalities from single-bicycle crashes. Whilst this
area is not well studied so far, a recent article25 has indicated that the proportions of
cyclist fatalities resulting from single-bicycle crashes are not related to modal share,
but increased bicycle modal share is associated with a reduction in the proportion
of all road traffic injuries caused by single
bicycle crashes, for example in Germany,
there has been an increased incidence of
E-bike accidents associated with increased
Figure 3: Road Death Decreases in EU projected to 2020
numbers of users26.

Urban Mobility System upgrade. OECD/FIT 2015
Atkins 2016. Research on the Impacts of Connected and Autonomous Vehicles (CAVs) on Traffic Flow.
Summary Report for the Department for Transport.
19
https://www.sbdautomotive.com/en/autonomous-cars-traffic
20
https://futurism.com/watch-an-autonomous-car-prevent-a-traffic-jam-from-forming/
21
https://www-03.ibm.com/press/us/en/pressrelease/35515.wss
22
Transformational Technologies in Transportation. Transport Research Circular E-C208. TRB 2016
23
http://www.un.org/en/development/desa/news/population/world-urbanization-prospects-2014.html
24
Road safety in the European Union. EU. March 2015
25
Schepers et al (2014). An international review of the frequency of single-bicycle crashes (SBCs) and their relation to bicycle modal share
26
https://www.destatis.de/DE/Publikationen/Thematisch/TransportVerkehr/Verkehrsunfaelle/VerkehrsunfaelleMonat
/VerkehrsunfaelleM2080700171094.pdf
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The decreased rate of road deaths has slowed down in
The decreased rate of road deaths has slowed down in
2014 in EU. In order to halve the number of road deaths
2014 in EU. In order to halve the number of road deaths
by 2030 as targeted by the EU, following the UN Decade
by 2030 as targeted by the EU, following the UN Decade
of Action to 20202727, the road fatality numbers must go
of Action to 2020 , the road fatality numbers must go
down at a higher speed. New solutions are necessary
down at a higher speed. New solutions are necessary
to engage a new reduction of road fatalities, with autoto engage a new reduction of road fatalities, with aumated technologies likely to offer new perspectives in
tomated technologies likely to offer new perspectives
this area, such as event-data-recorders, which allow dein this area, such as event-data-recorders, which allow
tection of incidents before they become accidents (Figdetection of incidents before they become accidents
ure 4)28. Conversely,
new technology can also be a new
(Figure 4)28. Conversely, new technology can also be
source of accidents. Smartphones have already led to,
a new source of accidents. Smartphones have already
and new automated vehicles might increase the number
led to, and new automated vehicles might increase the
of accidents caused by human distraction in handover
number of accidents caused by human distraction in
Figure 4: The EMMA 2 event-data recorder
processes or de-skilling. In this context, legal and ethihandover processes or de-skilling. In this context, legal
used to detect road infrastructure failures.
cal questions are raised and it is necessary to implement
and ethical questions are raised and it is necessary to
new rules and regulations to implement artificial intelligence-based systems, e.g. the timing of emergency brakimplement new rules and regulations to implement
artificial
intelligence-based systems, e.g. the timing of emering systems installed on autonomous vehicles29.
gency braking systems installed on autonomous vehicles29.

3. SCOPE AND APPROACH
3.1
3.1 SCOPE
SCOPE OF
OF THE
THE AUTOMATED
AUTOMATED ROAD
ROAD ELEMENT
ELEMENT

The Forever Open Road Programme will establish the next generation of roads. It will define roads that
The Forever Open Road Programme will establish the next generation of roads. It will define roads
are Automated, Adaptable and Resilient, and through the Automated Road Element will create intelligent
that are Automated, Adaptable and Resilient, and through the Automated Road Element will create intelroads that improve road performance, traffic flow and road safety whilst meeting societal goals. The Autoligent roads that improve road performance, traffic flow and road safety whilst meeting societal goals. The
mated Road focuses on meeting future road user demand and delivering future highway authority needs, with
Automated Road focuses on meeting future road user demand and delivering future highway authority needs,
Intelligent Traffic Management Strategies and Advanced Infrastructure Communication Systems forming two inwith Intelligent Traffic Management Strategies and Advanced Roadside Systems forming two innovation themes
novation themes aimed at building intelligent roads and delivering intelligent road operations. Figure 5 presents
aimed at building intelligent roads and delivering intelligent road operations. Figure 5 presents this demandthis demanddriven hierarchy, showing how these themes will, through delivering the objectives set for Forever
driven hierarchy, showing how these themes will,
through delivering the objectives set for Forever Open Road,
Open Road, help to meet Europe’s societal
goals30.
help to meet Europe’s societal goals30.
SOCIETAL GOALS
• Decarbonisation
of road transport
• Increase of reliability
of the transport
(road) network
• Increase of (traffic)
safety and security
• Improve and sustain
liveability
• Reduce cost
of ownership

FOREVER OPEN ROAD OBJECTIVES*
Decarbonisation
Energy efficiency of transport -40% CO2 emissions
and air pollution
Reliability
+20% increase in capacity for mobility
30% reduction of congestion
Target 100% capacity use
+30% freight transport efficiency
+30% improvement and increase of infrastructure
Safety and security 40% reduction in KSIs (by 2030)
No road workers on foot in live carriageway
Cost
30% cost savings in design/construction by 2025
(through digitalisation) 20-30% cost saving vs 2010
baseline by 2020 through infrastructure investment

THE AUTOMATED ROAD
Advanced Infrastructure
Communication Systems
Full integration of roadside intelligence with ICT applications on the
user and in the vehicle, the services
and road operations itself in order to
enable automated roads.
Intelligent Traffic
Management Strategies
Development of intelligent traffic management strategies fit to cope with future transport demand in Europe.

Figure 5: The Automated Road Demand Driven Hierarchy31

* FOR Objectives where the Automated Road has a strong link to achieving societal challenges identified in SERRP 2017-2020 (see Table 2)

27
27
28
28
29
29
30
30
31
31

http://www.un.org/en/development/desa/news/population/world-urbanization-prospects-2014.html
http://www.un.org/en/development/desa/news/population/world-urbanization-prospects-2014.html
Using Event Data Recorder to Detect Road Infrastructure Failures from a Safety Point of View. Ledoux et al. European Transport Conference, 2014.
Using
Event Data Recorder to Detect Road Infrastructure Failures from a Safety Point of View. Ledoux et al. European Transport Conference, 2014.
https://www.euroncap.com/de
https://www.euroncap.com/de
EC COM 283 17.05.2018 - On the Road to Automated Mobility: An EU Strategy for Mobility of the Future
EC
COM 283
17.05.2018
- Ontothe
Road to
Automated Mobility: An EU Strategy for Mobility of the Future
Baseline
figures
referenced
ERTRAC
2010
Baseline figures referenced to ERTRAC 2010
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The two innovation themes are described as follows:
Intelligent Traffic Management Strategies (ITMS): This theme concerns management on a network level.
The objective is to guide the road user through the (regional) infrastructure network as safely as possible,
with a minimum loss of travel time and the least possible environmental harm taking benefit of an increasing
proportion of connected or automated vehicles travelling on it.
Advanced Infrastructure Communication Systems (AICS): This theme deals with the development of back
office functions for connected and automated vehicles and is mainly instrumental to enabling the ITMS.
The application of these innovative technologies would predominantly be local. AICS for Automated Roads
would be applied on specific corridors or segments in the road network.

3.2 TRANSITION TOWARDS THE AUTOMATED ROAD
In scoping the research and innovation programme for the Automated Road, eight cohesive entities were identified. These entities represent the systems and users that will contribute to the management of our future road
network and, ultimately, to shaping the next generation of road. The eight entities map against the two innovation themes as shown in Figure 6.

ITMS
Measures
Traffic control
centre

Data and
information

Management
principles

AUTOMATED
ROAD

Vehicles

(Road)
-infrastructure

Organisation
Road user

AICS
Figure 6: Cohesive Entities
and Innovation Themes
The Eight Entities in Transition
It is recognised that there will be a series of transitional stages to deliver innovation against these eight entities.
These transitions will address major trends and challenges throughout Europe. The speed of transition and these
challenges may, however, differ between technologies and between countries and regions, because road user’s
mobility solutions and road authority demand will develop at different rates.
The networks will undergo transition from collective measures to individual services and from local to network
wide management. Therefore, we will move from infrastructure-based technology to in-car technology and from
intervention at a government level to private intervention at a mass scale. In the future, with concepts such as
shared mobility and Mobility as a Service (MaaS), the transition could move further towards a network of net-
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works with information for passengers and freight available across multiple modes. For example, at present road
traffic is managed through collective traffic management and direction signing. However, as in-car communications continue to develop, there will be a transition towards the management of individual road users by providing user specific journey information and guidance. In return, private individuals will automatically supply data
about their journeys
connected
individuals.
journeys to
to the
themanagement
managementsystem
systemallowing
allowingaamore
moreexact
exactguidance
guidanceofofallall
connected
individuals.
Figure 7 illustrates the type of transitions that will be involved.

Collective
Individual
Local
Network wide
Essential drivers
for traffic management

Reactive

Infrastructure
In-car/mobile devices
Govermental/Public
Consequences
for implementation

Private

Figure
Stages
the Automated
Road
Figure 7:
7: Transition
illustrates the
typetowards
of transitions
that will be
involved.

The eight
bebe
involved
are
described
as as
follows:
eight entities
entitiesand
andthe
theprocess
processofoftransition
transitionthat
thatwill
will
involved
are
described
follows:
1. Road
Road user:
user:from
fromconsumer
consumerto
toparticipant
participant
Future traffic management measures and information provision will become more personalised, with traffic
management services able to provide direct information to (traffic) groups and individuals in the role of customers. In addition, the individual road users will themselves provide data which can be used for traffic management purposes, including information about origin, destination, objective of the journey and intended route.
In addition to volunteering such information, in some cases anonymised, data is being collected from location
data from mobile phone companies and from connected vehicles. By using this information, operators will tailor
services to the specific road user. The effectiveness of measures and services therefore increases, and the user
will have a much higher acceptance and appreciation of the service itself. The road user, however, must be willing and able to share specific (personal) information with service providers and the road operators. A new role
of the future road user will be a participant in the management of our road systems as well as that of a customer.
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2. Measures: from local/collective to network-wide/individualised
The measures used to manage the network will shift from collective to individual. In specific situations such as
incidents or accidents, collective measures will remain important in traffic management. Traffic management
measures are traditionally locally oriented to solve local problems. In the last decade, however, network-wide
measures have been shown to be capable of optimising traffic flow for regional traffic networks. Network-wide
measures will anticipate future traffic situations, hence preventing congestion, improving traffic flow and traffic safety. Furthermore, measures will increasingly involve public-private cooperation which can improve their
effectiveness because they are better tuned to the specific situation of the road user. In addition, there is a possibility that commercial service providers will combine traffic management measures and information with their
own (commercial) interests. Moving forward, with concepts such as Mobility as a Service (MaaS) gaining traction, there is likely to be a ‘network of networks’ operating together to deliver multi-modal, end to end journey
services. This will involve not just coordination between different traffic management operators, but between
public and private providers and ultimately different modes.
3. Traffic control centre: from local to network-wide
Future traffic control centres might focus more on managing local traffic situations with local traffic management measures or they might be consolidated with multi-agency operation (e.g. rail and metro and emergency
services). In addition, there are moves towards the development of virtual traffic management centres with localised traffic management becoming increasingly automated. With a move towards network-wide operation,
traffic control centres will increasingly focus on the regional network level, requiring technology and tools that
support effective and automated decision making and management at the network level. These tools have to
be developed so that they are able to anticipate traffic situations in order to generate predictive information.
Intervention from the network operator will only be needed when incidents occur.
4. Management principles: from government orientated goals to public-private cooperation
It is conceivable that future management principles will need to drive a more explicit trade-off between goals for
traffic flow and other societal goals, whereas they are now primarily designed from a governmental perspective.
The Automated Road will require cooperation between public and private partners, and management principles
are expected to reflect policy goals from both partners. Hence a combination of collective and individual goals
and strategies will influence the management principles required to deliver the Automated Road.
5. Organisation: from local to strategic management
Measures on a local level will shift towards automation and other traffic management measures will focus on network flow optimisation. This means that the work of the traffic management organisation will tend to shift to be
at a higher strategic level, and that the organisation of operational traffic management will be oriented towards
strategic cooperation based on commercial service level agreements. One of the future tasks of the organisation
will be to monitor and manage these contracts. The traffic management organisation will act according to strategic policy goals set for a regional network, cooperating with many different service and infrastructure providers.
Competences required by traffic managers will shift from the operational to tactical and strategic level.
6. Vehicles: from passive to active components
The role of vehicles as an integrated and pro-active part of the communications and control system is expected
to grow as technical developments reveal possibilities of direct interaction between the road and the vehicle.
This is a key element of the Forever Open Road Programme in that the vehicle, road and road operator will be
connected. Vehicles could become probe sensors that provide data for traffic management and road condition
monitoring. In future, vehicles will be able to directly respond to certain requests or messages from the traffic
control centre distributed via roadside equipment or other wireless communication systems. The vehicle will
become a sensor as well as an actuator which actively responds to traffic management measures or to nearby
vehicles in a fully distributed system architecture (swarm intelligence). In the future, vehicles could be electrically
powered from the road and become an automated part of the whole traffic management system.
With the potential for fully self-driving vehicles, typically fitted with LiDAR, GPS and cameras, there are opportunities to use the data to provide real-time mapping, traffic monitoring and accident and incident and analysis.
Should self-driving vehicles prompt a move away from private vehicle ownership to shared mobility or MaaS,
then additional information on origin-destination data will be provided at a multi-modal level; at an immediate
level this gives the potential for better network management and re-routing opportunities in case of incidents.
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When aggregated over a longer timeframe, this data offers the potential to shape transport policies or to plan
infrastructure investments.
7. Infrastructure: from individual route to flexible multisource communication
There is a need for the road infrastructure to accommodate in-built information and communication technology, enabling high volume data transfer between vehicles and other sources by smart phone or other (nomadic)
devices, roadside systems and the traffic control centres. As public-private cooperation in collecting and distributing data increases, it is also possible that the ownership of active communication infrastructure devices will
change, and commercial infrastructure or service providers will take over some ownership.
8. Data and information: from individual data streams to high quality and richer mass content
Data will be collected from many more vehicles and service providers, and the content of data will be richer
compared to data that is currently available, to make it possible to design individual and personalised measures
and traffic information. There is a need for predictive information for effective network management, which will
require development of new approaches and algorithms to deal with the data deluge. Novel back office management solutions based on the concept of digital infrastructure will be developed to take benefit from the data
lakes collected by the numerous available sensors either onboard or offboard the vehicles. In addition, liability
issues will need to be considered, as data will be collected and shared by different public and private partners.
Figure 8 presents an overview of the transitions that have been considered in developing the research and innovation roadmap needed to deliver eight entities.

From local
& collective to
network wide and
individualised

Adapting new
societal goals
and public-private
cooperation
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managing different
network levels
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Traffic control
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Figure 8: Delivering Transition
for the Eight Entities
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3.3 PHYSICAL VS. DIGITAL INFRASTRUCTURE
Digital Infrastructure indicates the static and dynamic digital representation of the physical world with which the
automated vehicle will interact to operate. The activities related to Digital Infrastructure address several aspects
such as for instance standardized representations, content types, guarantee of quality, collection and minimum
requirements. It is a challenging topic, where operators of physical road infrastructures must contribute to reflect
their needs and requirements. The risk is the uberization of the road traffic management by private parties at the
expense of the interest of the road users.

3.4 INFRASTRUCTURE READINESS LEVEL
The automotive industry has agreed on a staged approach for pushing forward highly automated driving, known
as SAE Level of Driving Automation (LDA)32, but less consideration has been given to adaptation of the road infrastructure. Whilst there have been suggestions of dedicated infrastructure for autonomous vehicles, the progress
of on-road vehicle trials has suggested that no changes to the existing network would be required. If and when
very high penetration levels of autonomous vehicles are realised it might prompt adaptations to the highway
infrastructure in some locations. One concept for the technological development of road infrastructure towards
an equitable usability for different LDA, is of the Infrastructure Readiness Level (IRL). Each IRL increase should
mean a higher level of safety and capacity, a lower cost per travelled kilometre, and effects on a larger scale, ranging from local areas to whole sections. Figure 9 shows a conceptual picture of this evolution with a cost-efficient
middle path of balanced resource investment in both branches (safety and capacity) benefiting from the development of digital infrastructure concept.

Figure 9: Depiction of a coherent path of technological development for increasing vehicle autonomy
and the supporting infrastructure for hybrid-automation traffic composition

32

Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor Vehicles. SAE Standard J3016A
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4. RESEARCH AND
INNOVATION TOPICS
This section presents the Roadmap for research and innovation developed for the Automated Road under
the two innovation themes; Intelligent Traffic Management Strategies and Advanced Infrastructure Communication Systems. The Roadmap incorporates the eight entities and takes into account the transition
effects that have been described. They also call upon the research topics contained within FEHRL’s Strategic
European Road Research Programme 2017 to 202033.
Using these themes, the objectives and enablers for preparing road infrastructure towards connected, cooperative and automated driving have been established. The supporting research needs have then been identified
with a view to the application of practical measures for each theme.
The Roadmap is presented as a set of tables describing the objectives that the road operator would need to
adopt, and the problems faced, as well as the research needed to overcome these problems, and the possible
development stages and the milestones that would need to be met on route to an ultimate 2030 delivery date.
The tables necessarily present a rather simple approach of development in a few stages. It is evident that in practice, the development will take place through various iterations and feedback loops between the stages. A start
date of 2015 is included to reflect previous research work, which is now moving towards demonstration stage
work in many areas.
An important issue that came up during the update of this roadmap is the need for integrated policies, socioeconomic and behavioural related research and the need for cooperation of all entities in the system, representing
road infrastructure owners, traffic management providers and vehicles producers. Additionally, there is a need
for intermodal cooperation to maximise the benefits of and the link with other transport modes. Road automation relies on the digitalisation of the road infrastructure and connectivity with vehicles that will create new opportunities for the exchange of data to transform traffic management and road operations.

4.1 RESEARCH AND INNOVATION TOPICS - INTELLIGENT
TRAFFIC MANAGEMENT STRATEGIES
4.1.1 COOPERATIVE ITS AND AUTOMATED TRANSPORT
Objective
To use cooperative ITS and increasing levels of automation in road transport to improve road performance, increase cost efficiency and to secure free flow and safe and reliable travelling.
Enablers
Digital road infrastructure
Connectivity (vehicle-to-infrastructure and infrastructure-to-vehicle communications)
Automated driving functions
Development of new skills for road operator staff
Application
During the last years, significant progress was achieved in gaining more knowledge and experience about how
and to what extent, cooperative ITS and especially automated transport should be deployed to improve road
performance and contribute to cost efficiency and safe and reliable travelling.

33

FEHRL Strategic European Road and cross-modal Research and implementation Plan (SERRP) 2017-2020. ISSN tbc
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In April 2016, national governments from European Member States, automobile manufacturers, and the EU institutions signed an agreement called “The Declaration of Amsterdam”34, to work towards a coherent European framework for the deployment of interoperable connected and automated driving, which should be available, if possible,
by 2019 and bring together developments of connected and automated driving in order to reach their full potential to improve road safety, human health, traffic flows, and to reduce the environmental impact of road transport.
The C-ITS Platform35 established by the European Commission since 2014 has been a key driver for the development of a shared vision on the interoperable deployment of Cooperative Intelligent Transport Systems (C-ITS) towards Cooperative, Connected and Automated Mobility (CCAM) in the European Union. In nine working groups,
the C-ITS Platform developed policy recommendations and proposals for action for the Commission as well as
other relevant actors along the C-ITS value chain.
In parallel to large-scale C-ITS deployment pilots (e.g. SCOOP@F36 and C-Roads37 national pilots under CEF funding Program) initiated since 2013 in several European member states and addressing trans-European road networks, the C-ROADS Platform was established in October 2016 to bring together European Member States (core
members are Austria, Belgium / Flanders, Czech Republic, France, Germany, The Netherlands, United Kingdom
and Slovenia) and road operators for testing and implementing C-ITS services in light of cross-border harmonisation and interoperability. A dedicated task force is addressing infrastructure communication with the development of harmonised C-ITS road infrastructure communication profiles.
Regarding automation, the main achievements have come from the ERTRAC Working Group on Connectivity and
Automated Driving who published a first release of Automated Driving Roadmap in 2015 and revisions in 201738. This
work has been supported by the CARTRE39 project with funding support from EC DG Research & Innovation where the
Physical & Digital Infrastructure working group is the most active in the field of road infrastructure and traffic management. New H2020 EC projects have been launched since 2017 to address automated driving roadmap priorities.
In France, the “Mobilité 3.040 - Connected Infrastructure” Working Group composed of national experts from road
authorities, road operators and transport researchers has delivered in December 2017 recommendations to the
French Ministry of Transport about the development and the deployment of connected road infrastructure to
deliver C-ITS services and to support the introduction of connected and automated vehicles41. These recommendations include the definition of prerequisites for connected infrastructure, a technology roadmap for wireless
communications supporting C-ITS and automation, and the definition of a strategy for the development and the
provision of HD digital maps.
The German Federal Ministry for Transport and Digital Infrastructure has introduced an “ITS action plan for the
roads” for a coordinated development of existing and an accelerated introduction of new intelligent traffic systems in Germany until 202042. The ITS action plan distinguishes three different action areas:
Action area 1: Optimum use of road, traffic and travel data
Action area 2: Continuity of the ITS services in the fields of traffic management and traffic information
Action area 3: ITS applications to enhance the efficiency of transport, road safety and security,
and environmental sustainability
In parallel, the ‘Intelligente Verkehrssysteme Gesetz (IVSG)43 (Intelligent Transport Systems Law) was introduced
in June 2013 in order to build the framework for the implementation of the EU regulation 2010/40/EU44 for the
introduction of ITS in road transport and the links to other transport modes into national law.
In the United States, the Exploratory Advanced Research Program (EAR)45 has been progressing on connected
highway and vehicle system concepts (including Cooperative Adaptive Cruise Control and Truck Platooning), and
https://ec.europa.eu/transport/sites/transport/files/com20160766_en.pd
https://ec.europa.eu/transport/themes/its/c-its_en
36
http://www.scoop.developpement-durable.gouv.fr
37
https://www.c-roads.eu/platform.html
38
https://www.ertrac.org/uploads/documentsearch/id48/ERTRAC_Automated_Driving_2017.pdf
39
https://connectedautomateddriving.eu
40
http://www.mobilite-3-0.fr/index.php
41
Infrastructures connectées - Comment les ITS transforment la route, Revue TEC - Supplément - Juin 2018
42
http://www.bmvi.de/SharedDocs/DE/Artikel/DG/ivs-im-strassenverkehr.htm
43
https://www.gesetze-im-internet.de/ivsg/IVSG.pdf
44
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2010:207:TOC
45
https://highways.dot.gov/research/exploratory-advanced-research
34
35
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human driver and travel choices. In parallel, several initiatives are addressing cooperative ITS and automation,
such as Smart City Challenge in Columbus (Ohio), US DOT Connected Vehicle Pilot Deployment Program (New
York city, Tampa, Wyoming), SPaT Challenge, FHWA Collision Avoidance Metrics Partnership. FHWA and the EC
are twinning efforts on Analysis Modeling and Simulation. The CoExist H2020 EC project46 and FHWA AV AMS
Framework and Use Cases project is twinned with this effort.
Regarding skills development for road operators, the SKILLFUL47 H2020 EC project is exploring how road transport that is rapidly developing, changing and being influenced to the maximum extent by the development of
automation, electrification and greening of transport, among others, must address problems in staffing its several domains with appropriate and qualified personnel.
Research needs
The road operator needs knowledge on how to deploy cooperative ITS and automated transport to improve road
performance.
To deploy cooperative ITS, at least three underlying prerequisites are necessary: wireless communication, communication standards and local dynamic maps. These are the “technical” prerequisites. From a road operator’s
perspective, development of these necessities can be seen as something that can be done by (commercial) technical research and development institutes. However, road operators need to get actively involved in the development of deployment scenarios for cooperative ITS-ready infrastructure to contribute to the successful launch
of C-ITS Phase 1 “deployment”, starting from 2019. In parallel, research is needed to further develop digital infrastructure (BIM, HD digital maps, modelling and simulation) and to define the requirements for next generation
vehicle-to-infrastructure communication technologies such as fifth generation (5G).
Regarding automation, research topics are multiple and start from Infrastructure Readiness Levels such as the
provision of marking and landmarks to assist vehicles to determine their position, how to deal with different
group of users, definition of V2I and I2V communication bandwidth requirements, and identification of requirements specific to road categories and environments. Close collaboration with the vehicle industry is required to
progress on requirements for automation friendly infrastructure, including fail safe automation supported by
redundant systems (both vehicle-based and infrastructure-based redundancy) and common understanding for
the decision and information on when automated driving is and isn’t allowed.
Knowledge gained from these research and demonstration activities will help in developing scenarios where
infrastructure investments and deployment of automated transport can be justified.

Research and
Development

Demonstration

Cooperative ITS
and Automated Transport
Definition of redundancy needs for fail safe automation
Criteria for automation friendly infrastructure
Development of Hybrid road requirements
Scenarios for cooperative infrastructure deployment
Requirements for digital inrastructure
Integration of 5G for V2l comunication and automation

46
47

https://www.h2020-coexist.eu
http://www.skillfulproject.eu

Regulatory
Framework
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2018
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Market
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2024
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Understanding the tables
The different research needs are expressed in the different rows of the multiple tables in the following sections.
The duration of these research activities is indicated with yellow arrows. These research needs are likely to be
combined with each other to build demonstration projects (pink arrow), which will allow the improvement of
the regulatory framework (green arrow). The solutions developed as a result of undertaking research will then be
ultimately introduced on to the market (blue arrow). For example, there is a research need on the requirements
for digital infrastructure to enable cooperative ITS and automated transport; once these requirements have been
identified, and solutions trialled in demonstration projects, the (as yet unknown) product will be introduced to
the market.

4.1.2 OPTIMISATION OF NETWORK UTILISATION
Objective
Making efficient use of the available infrastructure network, and improvement of network performance using
new traffic management technologies such cooperative ITS, convoying, and price variation on road usage and
personalised traffic information. These are potentially low-cost but effective solutions.
Enablers
Connectivity (V2I and I2V)
Internet of Things
Digital infrastructure
5G networks
Application
The C-ITS Platform has published a list of recommendations relevant to network utilization, from Cost-Benefits
Analysis, and Business Cases Working Groups in Phase 1 Report48 (January 2016), and from Business Models and
Enhanced Traffic Management (how incremental levels of connectivity and automation could improve traffic
flow efficiency and enable optimal network operations) working groups in Phase 2 report49 (September 2017).
C-ROADS Platform and associated pilots have been developing recommendations from the road operator’s point
of view on the visualisation or presentation of messages delivered via different channels on vehicle human machine interfaces (HMIs) in order to ensure C-ITS service consistency for drivers.
ERTRAC and CARTRE have been exploring the physical infrastructure research needs on the use and adaptation
of the existing physical infrastructure, new requirements for the building up of new infrastructure and the assessment of costs to support road operator’s decisions. In addition, new mobility concepts enabled by automation
and connectivity have been addressed, such as truck platooning and shared and automated mobility services.
European project CoEXist aims to systematically increase the capacity of road authorities and other urban mobility stakeholders to get ready for the transition towards a shared road network with an increasing number of
automated vehicles, using the same road network as conventional vehicles. This project is twinning with US EAR
initiative on autonomous vehicle (AV) analysis modelling and simulation framework and use case analysis.
In France, the Mobilité 3.0 “Connected Infrastructure” working group has identified the need to take into consideration the overall network structure composed of different road categories (motorways, main roads, rural roads
and urban roads) under the responsibility of different authorities and operators and to mitigate the risk of digital
gap between these different road categories. It is also recommended to define a C-ITS service roadmap according to the priority needs expressed by road operators from the different road categories.
In the Unites States, FHWA NCHRP project 20-10250 “Mobility-on-Demand and Automated Driving Systems: A
Framework for Public-Sector Assessment” is studying the impacts of connected vehicles and automated vehicles
on state and local transportation agencies.
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https://ec.europa.eu/transport/sites/transport/files/themes/its/doc/c-its-platform-final-report-january-2016.pdf
https://ec.europa.eu/transport/sites/transport/files/2017-09-c-its-platform-final-report.pdf
https://ops.fhwa.dot.gov/regulationpolicy/avpolicyactivities/index.htm
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Action area 3: “ITS applications to enhance the efficiency of transport, road safety and security, and environmental
sustainability” of the German “ITS action plan for the road” includes a project plan for road transport telematics,
containing over 130 specific ITS measures that are to be progressively implemented, funding this aim with total
€50M/yr. The action plan recommends to establish a technology database, to develop an intermodal ITS framework
architecture, to develop further reference architectures and to create skills and advanced training schemes.
Development of new mobility concepts such as truck platooning, shared and automated vehicles and Mobility as a
Service (MaaS) is progressing well with multiple demonstrations and piloting activities in Europe, the US and Asia.
Research needs
Research is required on how new technologies and related services (like cooperative ITS and automated driving)
and new road user behaviour resulting from the deployment of these new technologies, can effectively be incorporated in traffic management strategies to optimise network utilisation and reach societal goals (decarbonisation, reliability and safety, liveability and cost).
Road user behaviour needs immediate research with multiple iterations because all cooperative ITS will be informative, at least at the beginning, and little is known about how drivers will react on this information, e.g. will
they follow the advice, and under what circumstances and what framework conditions have to be developed for
a high acceptance?
There is a need to develop more knowledge on potential direct cost reductions in network operation (e.g. invehicle signage instead of Variable Message Signs) and indirect cost savings from reduced congestion, incidents
and accidents.
New mobility concepts enabled by connectivity and automation such as truck platooning (link to highway impact, e.g. changed vehicle loads because of canalised driving), shared and automated vehicles and Mobility as a
Service may have an impact on the utilization of the road network. Therefore, they need to be addressed in future
research activities, including social aspects. There needs to be an increase in public awareness of the socioeconomic and environmental benefits of new mobility options.
Regarding automation, there is a need to develop better understanding on the timing for automated vehicle
introduction and how automated road transport may initially use existing infrastructure and add capability as
enhanced infrastructure is available.

Optimisation
of network utilisation

2015

2018

2021

2024

2027

2030

Evaluation of impact on users/drivers behaviour
Development of new network operation strategies
Analysis of direct cost reductions in network operation
Impact assessment of new mobility concepts

4.1.3 NEW TRAFFIC MANAGEMENT STRATEGIES (INCLUDING FACILITATING
THE PROCESS OF SELF-MANAGEMENT)
Objective
Optimising the process of achieving collective goals by effective interaction between collective (roadside) traffic
management measures and individualised/personalised (nomadic) traffic management services. Furthermore,
the road operators’ objective is to facilitate the self-management processes of road users as long as this is productive for improving network performance.
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Enablers
Connectivity (vehicle-to-infrastructure and infrastructure-to-vehicle communications)
Access to Floating Car Data (FCD)
Digital traffic management plans
Application
The C-ITS Platform “Enhanced Traffic Management” working group published recommendations in the Phase 2
report51 (September 2017) with the objective to identify and develop the right set of tools to deploy Pan- European Cooperative Traffic Management Services, while ensuring their interoperability across borders, cities and
vehicle brands.
Within the C-ROADS Platform, traffic management issues, such as usage and processing of data for traffic management will be identified and integrated into the overall picture of influencing factors, which will also contain
the link to urban environments.
The TM2.0 Platform52 established in 2014 aims to agree on common interfaces, principles and business models
which can facilitate the exchange of data and information from the road vehicles and the Traffic Management
and Control Centres (TMC), and back, improving the total value chain for consistent traffic management and
mobility services as well as avoiding conflicting guidance information on the road and in the vehicles.
In the Netherlands, The Talking Traffic Partnership53 is a collaboration between the Dutch Ministry of Infrastructure and the Environment, 60 regional and local authorities and national and international private companies.
These actors are working together to accelerate development and deployment with regard to retrieving and organising traffic light data (cluster 1), to process, enrich and distribute a wide variety of data and convert this into
real-time and made-to-measure data sets and information (cluster 2) and to provide this information to a wide
variety of road users (cluster 3) though their smart phones, PNDs and in-car systems.
Research needs
There is a need for insight into how individualised traffic management and self-management processes can
and should interact effectively with collective traffic management strategies to improve network performance
and achieving collective societal goals. Based on this insight, improved traffic management strategy algorithms
should be developed and implemented.
First, an iterative research and demonstration process needs to evaluate the impact of new technologies on traffic management. It will contribute to develop new strategies for cooperative traffic management by determining
the opportunities for road authorities that would result from being able to transmit information into vehicles in
real-time.
As a second step, research is needed to analyse the role of traffic management and the needs for new strategies
to support automated transport (e.g. how cooperative automation could enhance speed management, incident
management, platooning, merging and diverging as vehicles cooperate with each other and the infrastructure).
A further field of research concerns the integration of road transport with other transport modes and energy supply in order to deliver user orientated multimodal traffic and travel information services.
To carry out these stages of research and development, cooperation between road operators, research institutes
and service providers is essential.

51
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https://ec.europa.eu/transport/sites/transport/files/2017-09-c-its-platform-final-report.pdf
http://tm20.org
https://www.talking-traffic.com/
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New traffic management
strategy algorithms

2015

2018

2021

2024

2027

2030

Impact assessment of new technologies and services
Development of improved traffic management strategy algorithms
Development of enhanced modeling and simulation tools
Integration with other transport modes towards
multimodal traffic management

4.1.4 QUALITY AND AVAILABILITY NEEDS FOR TOTAL CHAIN OF COOPERATIVE ITS
Objective
Safe, reliable and effective deployment of cooperative ITS to meet user needs.
Enablers
Regulatory framework for security and privacy
Back office functionality
Internationally agreed standards
Application
By bringing together all stakeholders along the C-ITS service chain the C-ITS Platform has contributed to gain
knowledge and to develop a common understanding on the requirements for quality, reliability and availability
that is needed for elements in the “cooperative chain” from the traffic control centre to the in-vehicle systems.
The C-ROADS Platform and associated C-ROADS pilots have been progressing by putting in practice recommendations issued by C-ITS Platform working groups in the view of a pan-European large-scale deployment of C-ITS
services. C-ROADS has developed a common approach for dealing with security issues for C-ITS service provision
and secure communication within the EU C-ITS Trust model. Solutions to be developed in C-ROADS will include
mechanisms to distribute communication certificates to all C-ITS stations in a secure way and enable trustful
communication in the C-ITS network.
In France, Mobilité 3.0 “Connected Infrastructure” working group has developed a key recommendation on the
need to organise the exchange of data collected through C-ITS and shared along the total chain of C-ITS. A cooperative approach between public and private actors was highlighted that would lead to the development of
jointly agreed business models taking into consideration investment, operation and maintenance costs of connected road infrastructure.
In the Netherlands, the Dutch government together with provinces and local authorities is partnering with businesses through the Talking Traffic Partnership to create a nation-wide open ecosystem of mobility services powered by C-ITS.
In the German “ITS action plan for the roads”, the necessity for the development of the practical steps that are
necessary for ensuring the quality requirements of all steps in the ITAS data processing chain is mirrored in the
measure 1.1 “Guide to the are-wide capture of traffic-related data and incidents”.
Research needs
The “cooperative chain” involves different subsystems developed and operated by different public and private
parties. The performance of the total chain is constrained by the weakest link. Research should make clear what
is potentially required in terms of reliability and availability to achieve safe and reliable cooperative ITS services.
Based on learnings from ongoing C-ITS pilots and the identification of new C-ITS services, potential partners in
the “cooperative chain” should further investigate and discuss the total chain requirements and the related requirements for subsystems, including cross-border working sub-systems.
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In parallel, to get ready for first phase of deployment, there is a need to translate the chain requirements in
(functional) system specifications and open standard interfaces, sustainable business models and harmonised
regulatory framework.
It is crucial to develop a data exchange framework along the total value chain between road operators and vehicle data owners where all parties would agree on data ownership, data access conditions according to privacy
(e.g. EC GDPR General Data Protection Regulation) and security rules, governance and business models.

Quality and availibility needs
for total chain of cooperative ITS

2015

2018

2021

2024

2027

2030

Development of total chain requirements
Development of data exchange framework
Development of sustainable business models
Risk analysis about cybersecurity

4.1.5 EFFECTS OF AUTOMATED DRIVING
Objective
To get an insight into the extent that automated driving can contribute to the goals of the road operator regarding the following themes:
Improvement of network performance (traffic flow and reliability)
Societal goals (decarbonisation, safety, liveability and reducing costs). The objective is also to get a good
insight into the impact of automated driving on the behaviour of the driver and the (possible) consequences
for traffic management and the task, role and responsibilities of the road operator.
Enablers
Digital road infrastructure
Connectivity (vehicle-to-infrastructure and infrastructure-to-vehicle communications)
Automated driving functions
Understanding of human behaviour around automated vehicles, including interaction
of different vehicles / users
Application
Road automation has a high priority in the research agenda of many governments and numerous initiatives have
been launched in the past years to develop more knowledge on the effects of automated driving.
Signatories of the Amsterdam Declaration acknowledged in April 2016 that connected and automated vehicle
technologies offer great potential to improve road safety, traffic flows and the overall efficiency and environmental performance of the transport system. Member States are encouraged to create possibilities for largescale
ross-border testing of connected and automated driving technologies, based on a common European approach.
It is important to develop and maintain close cooperation with other regions, particularly the US and Japan, to
work towards a global framework and international standards for connected and automated vehicles.
The C-ITS Platform has promoted the concept of Connected, Cooperative and Automated Mobility (CCAM) where
connectivity, C-ITS and automation converge towards the same goals. In its second phase, the C-ITS platform
added new elements focusing on synergies with automation. These were explored in new WGs on Road Safety,
Advanced Traffic Management, Physical and Digital Road Infrastructure, Compliance Assessment and the connection with Public Transport and the Urban Environment.
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The ERTRAC Working Group on Connectivity and Automated Driving published an Automated Driving Roadmap
in 201554 with three deployment paths (passenger cars, freight vehicles, urban mobility vehicles). This reference
roadmap is currently supported by several EC projects part of the H2020 ART (Automated Road Transport) program such as L3Pilot55, CARTRE, ENABLE-S356, AVENUE57 and CoExist.
In the United States, the FHWA program on Truck Platooning and Drivers Human Factors study the impacts of
automated driving. FHWA completed the integrated highway prototype testing of a 5-vehicle platoon operating
on Interstate-95 in June 2018. The test included vehicles that merged onto the highway and joined a platoon.
The platoon also changed speeds based on commands from a traffic management centre. The research report
regarding this project is currently being finalized and is expected to be available in late 2018. The research study
was aimed at proving the concept as well as collecting data to validate models that predicted the doubling of
lane capacity through the use of platooning. In Sweden, the DRIVE ME project is now engaging Swedish families
to participate as beta testers for its public autonomous driving program in Gothenburg.
Many demonstrations and pilots are addressing the effects of automated driving in the context of shared and
automated mobility services in urban environment where human factors and user acceptance are key research
topics (e.g. TRL GATEway project58 in UK).
Research needs
Research needs to investigate the impact of automated driving on the behaviour of the driver and interactions
with increasing levels of automation in terms of safety, traffic flows and efficiency.
Road operators have to gain knowledge on the possible consequences of automated driving for traffic management, network operation and maintenance.
Potential changes triggered by automated driving in tasks, roles and responsibilities need to be discussed by
road operators and vehicle manufacturers. Outcomes should be translated into harmonised deployment guidelines, including a regulatory framework. Special attention should be paid on how to integrate the infrastructure
in the safety assessment of autonomous vehicles (e.g. type approval).

Effect of automated driving

2015

2018

2021

2024

2027

2030

Evaluation of automated driving impacts on safety,
traffic flow and efficiency
Identification of new requrirements for traffic management
Definition of tasks, roles and responsibilities of road operators
Development of automated driving safety testing
framework related to the infrastructure

4.2 RESEARCH AND INNOVATION TOPICS
- Advanced Infrastructure Communication Systems
4.2.1 IN-BUILT WIRELESS SENSORS
Objective
To utilise existing and future sensor systems in road transport for more accurate data acquisition at reduced
costs. In-built sensors represent best value for money, with savings arising from optimised and preventive infrastructure maintenance and repair activities based on real-time infrastructure condition monitoring. Additionally,
https://www.ertrac.org/uploads/documentsearch/id48/ERTRAC_Automated_Driving_2017.pdf
http://www.l3pilot.eu/
https://www.enable-s3.eu
57
https://h2020-avenue.eu
58
https://gateway-project.org.uk
54
55
56
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reduced user costs are achieved through fewer road closures than would be required if performing on road testing or monitoring.
Enablers
Connectivity (V2I and I2V)
Internet of Things
In-vehicle sensors for Advanced Driving Assistance Systems and Automated Driving
Application
The C-ITS Platform “Access to in-vehicle data and resources” working group defined five guiding principles that
should apply when granting access to in-vehicle data and resources (data provision conditions, fair and undistorted competition, data privacy and data protection, tamper-proof access and liability, data economy).
The CARTRE “Digital and Physical Infrastructure” working group acknowledged the potential benefits for vehicles
to get access to data from other vehicle sensors and from the infrastructure, where new infrastructural sensing
methods could overcome blind spots in vehicle surround sensing by aggregating data from multiple sources to
cope with critical situations.
AUTOPILOT59 project brings together relevant knowledge and technology from the automotive and the Internet
of Things (IoT) value chains in order to develop IoT-architectures and platforms which will bring automated driving towards a new dimension.
In 2016, HERE has launched the SENSORIS60 initiative aiming at using data generated from in-vehicle sensors to
warn other vehicles on the road about traffic flows or possible dangers. The automotive industry is joining efforts
to develop a universal data format that would define consistent parameters for data gathered by all vehicles on
the road. This standardised interface would facilitate the exchange of information between the in-vehicle sensors
and a dedicated cloud as well as between clouds, including traffic management services.
In France, Mobilité 3.0 “Connected Infrastructure” working group recommended to give road operators access to
vehicle data (e.g. FCD Floating Car Data) for free where relevant to traffic safety.
In Germany, the use of data created by detectors for monitoring traffic flows at signaled junctions for additional
purposes, e.g. for the use in modern traffic management systems to identify traffic conditions, is investigated in
an ongoing project61.
Research needs
Research and innovation should focus on the assessment of which sensor information is really needed for traffic
management, traffic information and incident management services, and, for example, asset condition monitoring.
Due to the increasing number of in-vehicle sensors and connected objects, there is a need to develop and maintain a technical catalogue of all sensors available from vehicles (automated or not), users, roadside equipment and
IoT devices and to identify data available from these multiple sources that could be relevant to road operators.
Beside access to sensor data, the assessment of the potential to process high volumes of data from multiple
sources to generate high quality information is a key challenge.
Furthermore, more research should address the assessment of data quality and reliability needs for different
types of traffic management, traffic information and incident management services, for asset condition monitoring and for the development of better road environment knowledge. There will also need to be consideration of
legal and liability requirements which is covered in section 4.3.

59
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http://autopilot-project.eu
http://sensor-is.org
https://www.bast.de/BASt_2017/EN/Projects/e-fp-laufend-v5.html?nn=1835120
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In-built and wireless sensors

2015

2018

2021

2024

2027

2030

Identification of sensors and associated data relevant
to road infrastructure operations and maintenance
Assessment of quality and reliablity needs
Acquisition, fusion and process of high
volume data from different sources
Integration of new devices connected through low frequency loT

4.2.2 OPEN STANDARD INTERFACES
Objective
The road operators’ objective regarding open standard interfaces is twofold:
Firstly, the road operator wants ITS systems that can cooperate, independent of their owner or manufacturer.
Hence there can be a level playing field for suppliers and the road operator is not dependent on just a few
dominant suppliers. Furthermore, open standard interfaces are necessary to allow interoperable, cross border cooperation in traffic and incident management;
Secondly, the road operators want to protect against future technology innovations, i.e. to future proof applications. Open standard interfaces should secure the long-lasting appropriateness of public and commercial
investments and prevent early depreciation.
Enablers
Regulation, legislation and hHarmonised standards
Procurement requirements to prevent technology lock-in
Application
Road operators have been involved in several initiatives to exercise influence on the development of standard
interfaces because they are important users of the product to be developed.
The focus of the C-ROADS Technical aspects working group are technical standardisation and interfacing issues
in order to be able to provide a common standard repository in the shape of a web service, incorporating interface description to data and services within the C-ROADS pilot sites. This includes dedicated monitoring of standards, identification of relevant aspects and alignment with respective pilot requirements to ensure crossborder
interoperability.
The EU ITS Platform62 (EU EIP) is the place where national ministries, road authorities, road operators and partners
from the private and public sectors of almost all EU Member States and neighbouring countries cooperate in order to foster, accelerate and optimize current and future ITS deployments in Europe in a harmonised way. Within
the activity 4 (Harmonization cluster), the sub-activity 4.5 is addressing issues such as liaison and harmonization
on interfaces for data exchange, including link to DATEX II.
In close cooperation with the EU ITS Platform, the TN-ITS63 initiative aims at facilitating and fostering the exchange f ITS-related spatial road data between road authorities as trusted data providers and data users as map
makers and other parties. In the TN-ITS GO study, participants are developing a common exchange format, enabling creation of plugins to existing (legacy) systems for extraction of information on changes in road attributes.

62
63

https://eip.its-platform.eu
http://tn-its.eu
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Research needs
The development of technical open standard interfaces is not primarily a road authority’s task, but rather the task of
the supplying industrial partners; however, road authorities are an important actor to define certification standards.
It is worth considering development and deployment system standards that allow for scalability and anticipate and
allow for changes and advances over the system lifecycle with long-term forward and backward interoperability.
Perhaps the real research need, therefore, is to acquire knowledge and possibilities to convince and stimulate
supplying partners to develop and use open standard interfaces. This needs priority because open standardinterfaces are the basis for the development of new building blocks relevant to cooperative ITS and automated driving (e.g. high-definition (HD) Maps, BIM and the necessary back office management), and for the deployment of
new traffic management services.
Furthermore, it is possible to translate the services road operators want to offer into requirements for systems.
These requirements can serve as input for open standard interfaces, and also any legacy systems and additional
requirements should be translated into requirements for open standard interfaces.

Open Standard Interfaces

2015

2018

2021

2024

2027

2030

Exchange of data between road operators
and suppiliers for HD Maps and BIM
Exchange of data from in-vehicle sensors with road operators
Big data analytics and back-office management

4.3 LEGAL AND LIABILITY ISSUES
In addition to the above, consideration needs to be given to ensuring that legal and liability issues do not unnecessarily slow or stop the introduction of the new technology that would be essential to addressing future
transport needs. Work aimed at understanding potential legal liabilities relating to new technology, including
interoperability and copyright issues, as well the regulatory frameworks that would need to be implemented,
would therefore be included in the Roadmap, as follows.
Objective
To ensure that legal and liability aspects are addressed in good time.
Enablers
EC GDPR (General Data Protection Regulation)
EC ITS Directive
Vienna Convention (and its recent amendments for automated driving)
Application
Liability issues are very relevant in nearly every aspect of deployment of new ITS techniques and services, yet
they are neither the primary focus nor the core competence of road authorities. The road authorities are, however, highly relevant for the responsible and insurable deployment of new ITS techniques and services.
Several ongoing initiatives raise the importance to address as early as possible legal and liability issues, especially
in the context of cooperative ITS and automated driving deployment where increasing complexity in the interactions between stakeholders require in-depth cross sectorial analysis.
The C-ITS Platform Legal Issues working group examined whether the existing Vienna Convention on road traffic
would need any revision to allow C-ITS deployment. Legal and liability issues for higher levels of in-vehicle automation were studied within the High Level Group GEAR 2030 and the Working Party on Road Traffic Safety of UNECE.
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Research needs
Qualified and consensual procedures of data management are required to allow road operators to secure insurance contracts against system failures.
There is a need for insight on liability issues linked to the capability of vehicle decision making, the capability of
the human if they need to take back control (i.e. handover processes) and the associated driver monitoring, the
user acceptance and trust in automated driving. Risk analysis need to be investigated in close cooperation with
insurance partners.
According to the potential changes in their tasks, roles and responsibilities, road operators have to get involved
in discussions for the development of a suitable regulatory framework and possible European legislation.

Legal and liability issues

2015

2018

2021

2024

2027

2030

Survey of liability issues
Risk analysis in cooperation with insurance industry
Criteria for trust and social acceptance of automated driving

4.3.1 EXCHANGE OF KNOWLEDGE AND BEST PRACTICE
Cooperative ITS and automated driving will influence the future evolution of road transport. However, expected
benefits are proportional to the increasing complexity of interactions between traditional stakeholders and new
players. Therefore, road operators need to establish new principles for the development of suitable cooperation
framework in order to be more effective and to keep a leading role on infrastructure aspects.
Objective
To facilitate exchange of knowledge and sharing of best practices to support road operators in the transition
towards cooperative ITS and automated driving.
Enablers
Innovative partnerships and business models
FEHRL, CEDR and NRAs
Vehicle and communication industry representatives
Set of guidelines
Training programs
Application
Most of the research activities on cooperative ITS and automated driving have been initially pushed by the industry from a technology perspective. Nevertheless, road operators have been gradually more and more involved
to address the integration of connected vehicles and automated driving into the road infrastructure and not to
focus only on vehicle centric research aspects (e.g. ERTRAC / CARTRE). Involvement of road operators increases
when innovation is getting closer to deployment, C-ROADS is a good example where road operators take back
leadership to organise themselves to prepare full scale deployment of C-ITS in Europe in cooperation with the
automotive industry.
Research needs
Road operators would benefit in sharing efforts to build knowledge on harmonised evaluation methodologies
and to develop common tools in order to be able to compare and consolidate impact assessment from individual
demonstration activities.
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As demonstration and testing activities for cooperative ITS and automated driving are getting more complex
and expensive, there is a need to organise a network of European testbeds and living labs to develop synergies
in terms of objectives, testing facilities and stakeholders.
To accelerate the implementation of innovative solutions in real life environments and to better understand the
iversity of needs from the multiple road authorities, involvement of cities and regions should be facilitated.
A major barrier to take more ownership and leadership in innovation brought by cooperative ITS and automated
driving is the lack of knowledge in the existing staff of road operators. Therefore, special attention should be paid
to the development of skills and training programmes to fill this knowledge gap.

Facilitating issues

2015

2018

2021

2024

2027

2030

Development of harmonised evaluation methodologies and tools
European network of testbeds & living labs
for cooperative ITS and automated driving
Involvement of local authorities (cities and regions)
Skill development and training for road operator staff

4.4 RESEARCH PRIORITISATION
Table 3 illustrates how the research and innovation topics should be prioritised under the Roadmap into primary
and secondary activities. The topics have been divided into those that fall under Intelligent Traffic Management
Strategies (ITMS) and those that fall under Advanced Roadside Systems (ARS), and have also been grouped into
those that would need to be co-ordinated by the European Commission with support from Member States, and
those that could be co-ordinated solely by Member States.
A key facilitating issue for the introduction of automated driving is public acceptance, and whilst sections 6.5
and 7.6 provide information on projects which have a focus in this area, it is not within the remit of this roadmap.
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A key facilitating issue for the introduction of automated driving is public acceptance, and whilst sections 6.5
and 7.6 provide information on projects which have a focus in this area, it is not within the remit of this roadmap.

Research and development
challenges that need specific
intervention from the European
Commission and which are
supported by FEHRL Members

Primary Activities

Secondary Activities

Intelligent Traffic
Management Strategies
» Cooperative systems
and automated transport
» New traffic control strategy algorithms
» Quality and availability needs
of the total chain of cooperative systems
» Facilitating the process
of self-management
» Effect of automated driving

Intelligent Traffic
Management Strategies
» User orientated multimodal
traffic and travel information services

Advanced Infrastructure
Communications
» Built-in wireless sensors
» Open standard interfaces

Advanced Infrastructure
Communications
» Vehicle recharging systems

Facilitating Issues
» Liability issues

Research and development
challenges that can be taken
st
on by targeted coalitions
of two or more Member States

Intelligent Traffic
Management Strategies
» Optimisation of network utilisation

Intelligent Traffic
Management Strategies
» Remote operation concepts

Communications

Advanced Infrastructure
Communication
» Integration of alternative energy
sources and utility

1 Century
Advanced Infrastructure

» Low energy lighting and signage
FEHRL’s Flagship Programme
» Automated asset condition monitoring
and forecasting

Table 3: Prioritisation of Research and Development topics

Facilitating Issues
» Dynamic traffic forecasts
» Market acceptance
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5. ROADMAP AND MILESTONES
Figure 10 indicates the milestones that need to be met in making the transition towards the Automated
Road Element of the Forever Open Road. It is recognised that there will be early adopters of some of the
initiatives emerging from the Automated Road, and there will be some countries that follow a slower transition speed. Figure 10 illustrates the expected timescales for those that become early adopting countries. It
is also recognised that research and development for different technologies would progress at different rates.
Current Point

Single Technologies Proven

Complexity

Consistent vision on the future
of Traffic management & Automated Roads
based on:
	Long term policy goals
Trends and developments on:
Social demographic
	Economical
Technological (eight entities)

Goals from Europe:
	EU Directives
ITS actionplan
	Easyway (Deployment Guidelines)
CEDR
NRA goals
Road network performance
Traffic safety
Cooperation local authorities and
market parties...
Expected position of eight entities

Current position of:
	Policy objectives
	Eight entities
Vehicles
	Organisation
Road user
Infrastructure
Measures
Management principles
Data & Information
Traffic control center

Sub-systems Proven

R&D

Full Scale Systems Proven

Current Point

Demonstration
Market introduction

2015

2020

2025+

MILESTONE 1

MILESTONE 2

MILESTONE 3

Technology
Cooperative systems:
Technology available
Standardisation finished
	Large scale field trials (partly finished)
Operations
Impact assessment
Cooperative system adopted in traffic
management strategies
Business models available
Deployment plans coordinated with
stakeholders

Automated Roads
Roadside sensor systems available
Automated monitoring available
Automated local Traffic Management
(TM) tested
Regulatory framework adapted
and liability issues largely solved
Automated operation
Cooperative systems deployed
in several regional networks
Automated operation enabled
	Probe vehicle technologies

Automated roads
	Liability for cooperative
controlled driving checked
	Large-scale demonstrator
on (semi) automated driving
Application (e.g. platooning,
intersection control) ongoing
Automated roads enabled

Figure 10: Indicative Milestones for Transition towards the Automated Road
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5.1 MILESTONE 1: SINGLE TECHNOLOGIES PROVEN (2015)
The main
topics of Milestone
1 are
the application ofPROVEN
single technologies
5.1
MILESTONE
1: SINGLE
TECHNOLOGIES
(2015) belonging to the innovation themes on
selected
elements.
below indicates
progress against
the main
Milestone
1 targets.
There
The
maininfrastructure
topics of Milestone
1 areThe
thetable
application
of single technologies
belonging
to the
innovation
themes
on
are
a
large
number
of
recently
completed
or
ongoing
projects
that
address
the
issues
and
targets
identified
for
selected infrastructure elements. The table below indicates progress against the main Milestone 1 targets. There
milestone
as shown
the table
below. or ongoing projects that address the issues and targets identified for
are
a large1number
of in
recently
completed
milestone 1 as shown in the table below.

Target

Progress

Technology Cooperative ITS
Technology available

C-ITS technology (ITS G5) for roadside and onboard units is available after
validation through Field Operational Tests.

Standardisation finished

C-ITS standards have been developed and maintained by standardisation
bodies (ETSI, CEN, ISO) and ETSI Test-fests are organised on a regular basis to
address interoperability issues.

Large scale field trials (partly finished)

Large scale pilots (SCOOP@F, C-ROADS, L3Pilot, PEGASUS) have been
launched from 2014 on several European corridors and urban nodes to prepare large scale deployment.

Operations

Impact assessment

Findings from C-ITS impact assessment performed in completed FOTs (e.g.
DRIVE C2X, COMPASS4D) indicate promising benefits with respect to road
safety, traffic efficiency and fuel efficiency. Further work is expected in ongoing C-ITS pilots.
Living labs created

Cooperative ITS adopted in
traffic management strategies

This topic has been discussed in the C-ITS Platform (Enhanced Traffic Management Working Group) and TM2.0.

Business models available

This topic has been discussed in the C-ITS Platform (Business Models Working
Group) with recommendations. Further work is expected in ongoing C-ITS
pilots with the participation of C-ITS service chain stakeholders from public
and private sectors.

Deployment plans coordinated
with stakeholders

It has been the key objective of the C-ITS Platform established by EC DG
MOVE with the participation of C-ITS service chain stakeholders from public
and private sectors. Further coordination work is taken over by the C-ROADS
Platform led by European Member States.
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In the automated road area, roadside sensor systems have been developed and are a mature technology, with
automated monitoring available for certain applications, such as Highway England’s smart motorway programme. ENSEMBLE64 EC project (2018-2021) has the objective to pave the way for the adoption of multi-brand
truck platooning in Europe by means of large scale demonstrations under real world traffic conditions across national borders. Some aspects of traffic management are automated and the roll out will continue. In some areas,
particularly around vehicle autonomy, the regulatory framework is trailing behind the technology in some areas;
the regulatory aspects need to be resolved at European and ideally worldwide basis.
Automated Operation
Cooperative ITS deployed in several regional networks
Automated operation enabled
Probe vehicle technologies
As with Automated Roads, Automated Operation is ongoing. Automated vehicle trials are ongoing as are trials
of advanced ICT equipment. Technologies and applications are being explored for probe vehicle technologies
including for road monitoring purposes.

5.3 MILESTONE 3: FULL-SCALE SYSTEMS PROVEN (2025+)
By 2025, full-scale systems relating to all themes will have been proven, with large scale demonstrators already
underway. Roll out will have been initiated after the standardisation process has been successfully completed.
Integration into other modes of transport has been proven (where applicable).
Liability for cooperative controlled driving checked
Large scale, demonstration on driving at SAE level 3-4
Application (e.g. platooning, intersection control) ongoing
Automated roads enabled
An ongoing challenge for road owners and operators will be to keep pace with technological advances around
automated driving and platooning and also anticipate potential disruptive technologies or business models that
might impact (positively or negatively) on their operation and revenue. There is opportunity for road owners
to take advantage of the large amounts of data being generated by connected and automated vehicles to better manage their assets and save costs. Depending on the penetration rate of automated vehicles, there could
potentially be the opportunity in the future to remove much of the signage and road furniture, not required by
automated vehicles, and to take advantage of vehicle data in place of in-road sensors and instruments.
A key challenge for road owners and operators will be an operational one, where traditional ways of working and
delineation of roles between the public and private sectors could change in the future.

6. REFERENCE TO NATIONAL
PROGRAMMES
In delivering the Forever Open Road Programme, co-operation will be sought with a number of ‘sister’ National Programmes65 with shared aims and goals. It is envisaged that there will be a two-way exchange
of ideas and information on work packages, as well as the sharing of research expertise, test facilities
and demonstrators. Furthermore, there will be a need to validate results and test interoperability, which will
require cooperation across equipment and product manufacturers, and infrastructure owners. The sister pro-

64
65

http://platooningensemble.eu
http://www.foreveropenroad.eu/?m=19
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grammes that are already under development and with which co-operation will be encouraged are described
below. Annex 2 lists example national intelligent traffic management strategies that would relate specifically to
the Automated Roadmap.

6.1 ROUTE 5E GÉNÉRATION – R5G (THE 5TH GENERATION OF ROADS) - FRANCE
In synergy with the Forever Open Road Programme, IFSTTAR has launched the “5th Generation of Roads” programme, which aims to design full scale demonstrators integrating the numerous innovations that are already
available within research centres and demonstrating the synergies among them.
Specifically, there is lot of works being undertaken that are relevant to the automated road at the research, development or implementation stages. In that perspective, five implementation actions are worth mentioning:
Deployment of novel traffic management strategies based on the aggregation of bluetooth data with conventional loop data on congested urban motorways, in particular in the Paris and Lille areas.
Deployment of cooperative ITS systems in different corridors, in particular in Paris, Brittany and Bordeaux regions. The main goal is to the impact on the traffic of the cooperative vehicles deployment and simulate the
impacts on the road capacity and safety gained by a more generalized deployment .
Evaluation of autonomous vehicles deployment in different living labs, which are distributed on the French
territory for different use cases: individual vehicles, autonomous shuttles or industrial vehicles. In particular,
the contribution is to establish the needs and requirements of road infrastructures and equipment regarding
automated vehicles.
Development of an experimental platform Transpolis in the area Lyon. Transpolis has been created to design
and build a 200 acres urban mobility lab to innovate, test, showcase technologies and solutions from a wide
range of strategic partners. This urban mobility lab is currently under construction in the Lyon region with
the aim of opening at the end of 2018. The comprehensive year-round proving ground will be dedicated to
experimentation of a very large variety of scenarios and use cases that are mandatory for the development of
connected, automated and even autonomous vehicles.
Deployment of novel sensors for traffic management, in particular novel weigh-in-motion sensors

6.2 STRASSE IM 21. JAHRHUNDERT (ROAD IN THE 21ST CENTURY, R21C) – GERMANY
The objective of the German research programme “ Straße im 21. Jahrhundert” (Road in the 21st Century) is to
further develop the road in a functional way. Regarding the main use of the roads (interconnectivity), this process
shall lead to safer, more economical, efficient, reliable and intelligent roads. In addition, it should provide innovative uses. Hence, the existing and future demands on the “road” system and the new global challenges are fully
taken into account as part of a holistic approach.
Based on future requirements and new challenges, seven thematic priorities were established, of which three
areas have a specific relevance to the Automated Road, as follows:
A. The safe and reliable road
A central goal is to enable the secure, efficient, predictable and reliable transportation of people and goods over
short and long distances. In order to reach this, the management of road sites, disruption, security and maintenance is improved, especially for the most important network elements (nodes, bridges and tunnels). Information from vehicles in the road-side information and management systems are integrated and communication to
interface with safety systems is supported. Hence, efficient traffic management is made possible by meeting the
information needs of each individual road user.
B. The intelligent road
The aim is to enable traffic management and road maintenance to take better operational and strategic decisions. In order to achieve this, the continuous monitoring of the state of the road and structures, of the traffic
and road safety as well as the required sensor technology are further developed and integrated. “Intelligent”
materials and designs measure and analyse information, e.g. pressures and influences, and react independently.
All sub-systems, i.e. materials, construction, information and communication, are to be integrated into an overall
system.
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C. The road as a future innovator
The wave of innovation in vehicles of the 21st Century has to be complemented by an adequate infrastructure. In
addition to its function as a transport route, the road of the 21st Century has been established as an innovator and
part of a positive national and European innovation climate. In order to develop building materials and construction methods that are innovative and less expensive over the entire life cycle and to transfer them as quickly as
possible into practice, a test section shall be constructed. In addition, simulation techniques are also integrated
into the assessment methods.

6.3 FERRY FREE E39 – NORWAY
When adopting the National Transport Plan (NTP) for 2014-2023, the Norwegian Parliament confirmed that the
E39 Coastal Highway Route is to be realised as a continuous road without ferries within 20 years.
The route runs from Kristiansand in the south to Trondheim in the north and is approximately 1100 km long. It is
estimated that the required investments and improvements between Kristiansand and Trondheim will cost NOK
340 billion.
The route runs through six counties, and through cities such as Stavanger, Bergen, Ålesund and Molde. Travel
time today is around 21 hours and requires the use of seven ferry connections. The aim is to create an improved
E39 road without ferries, which will reduce travel time to around 11 hours. The route will be around 50 kilometres
shorter.
Based on Parliament’s ambitions regarding an improved and continuous E39, a new project has been established. The aim is to consider what such an improvement will mean for trade and industry as well as for settlement and employment patterns in the affected regions. The project includes tasks such as evaluating different
technological solutions for fiord crossings and assessing how technical installations in connection with these
crossings may be utilised to harness energy from wind, waves and current. One subproject has also studied what
implementation strategies and contract types are best suited for such an extensive project.
The focus of the E39 project is on new bridge technologies, materials and energy efficiency, however, NPRA does
have specific ITS initiatives including the E8 Borealis test road, detailed in section 7.

6.4 EXPLORATORY ADVANCED RESEARCH PROGRAM (EAR) – USA
Exploratory advanced research focuses on long‐term, high‐risk research with a high payoff potential. It matches
opportunities from discoveries in science and technology with the persistent and emerging highway transportation needs.
The FHWA EAR Program engages international experts by sponsoring scanning tours, convening forums, inviting
expert reviewers, and offering post-doctoral research fellowships. FHWA expects to continue these ad hoc collaborations and through longer term relationships as part of Forever Open Road that could lead to joint research
funding or paired projects.
EAR Program focus areas
The EAR Program funds research across a range of issues that are critical to the transportation industry:
Connected highway and vehicle system concepts
Breakthrough concepts in material science
Human behaviour and travel choices
New technology and advanced policies for energy and resource conservation
Technology for assessing performance
EAR Program results
As of 2018, the EAR Program completed 80 research projects, 21 of which are on-going, totalling about $81 million in government funds and about $28 million in matching resources. In addition to sponsoring EAR projects
that advance the development of highway infrastructure and operations, the EAR Program is committed to promoting cross-fertilisation with other technical fields, furthering promising lines of research, and deepening vital
research capacity.
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6.5 SUPPORTING PROJECTS
A number of supporting projects which support the aims of the Automated Road element have been identified
from various sources including the FEHRL Knowledge Centre and FOR website and national projects identified by
FEHRL research coordinators. Figure 11 presents these projects against the innovation themes of the roadmap,
with summary details of selected projects below.
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Figure 11: Projects identified against innovation themes of the Automated Road
ALP.Lab: https://www.alp-lab.at/
ALP.Lab GmbH (Austrian Light Vehicle Proving Region for Automated Driving) has developed a sophisticated
testing environment to meet this demand. Along with public roads, proving grounds, and facilities for data recording and processing, ALP.Lab offers a comprehensive virtual testing environment and a unique test laboratory. So potential challenges can be foreseen as the technology progresses.
The world of automated driving is coming closer to reality. As the exciting possibilities of this new technology
unfold, there is a growing need for testing and verifying the components and systems of automated driving in
diverse and complex scenarios.
As an alliance of automotive supplier companies (AVL, Magna) and scientific partners (Joanneum Research, TU
Graz, Virtual Vehicle), ALP.Lab meets the challenges that lie ahead for the future of driving.
Connecting Austria: http://www.connecting-austria.at/#/home
The flagship project Connecting Austria brings technology leaders and end-users together to demonstrate and
evaluate four specific use cases for semi-automated and energy-efficient truck platoons. The key objective is the
evidence-based evaluation of energy-efficient truck platoons as a pre-requisite for competitive strength of Aus-
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trian industries such as logistics, telematics and infrastructure providers, automotive suppliers, as well as vehicle
development and cooperative research.
The national flagship project’s unique contribution is its specific focus on infrastructure issues and on parameterized traffic perspectives when evaluating energy-efficient and semi-autonomous truck platoons. This particularly
includes platoons at intersections before entering motorways and after leaving motorways.
Connecting Austria leverages Austrian strategic strengths as pioneer in C-ITS infrastructure and continues international success stories such as ECo-AT (Austrian part of the C-ITS Corridor), co-ordination activities in C-Roads,
as well as the pioneering role in vehicle-expertise (European Green Car Initiative, electric power train in trucks).
Connecting Austria is going to share its findings with European and international ‘Cooperative Connected and
Automated’ projects and initiatives (EU, DG MOVE, DG CONNECT).
VIA-AUTONOM:
Transport infrastructure and requirements for autonomous vehicles
In the near future, autonomous vehicles will be driving on the roads alongside with conventional vehicles and
road users. However, driverless cars still face some technical challenges that must be solved to allow a safe and efficient journey in this transition period. The road infrastructure can contribute to this by supporting autonomous
vehicles in their driving task. In this context, the interplay between vehicles and infrastructure becomes
more important than ever.
The vision of via-AUTONOM is to build a new Austrian reference of road infrastructure, which satisfies the requirements of autonomous vehicles and all other road users, in terms of safety, efficiency and comfort. The interdisciplinary team of experts in via-AUTONOM aspires to find answers on the following research questions: 1) What
are the requirements for the existing road infrastructure regarding the introduction of autonomous vehicles?
2) Which new forms and technologies of road infrastructure facilitate safe and efficient automated road transport? 3) How can the road infrastructure contribute to the optimization of automated driving functions such as
laneplanning, proactive driving behaviour, pre-crash support or enhanced electronic horizon? 4) Where are the
critical spots in a road network, showing increased risks concerning road safety, traffic flow and driving comfort
with automated vehicles in traffic? 5) Which infrastructure and vehicle data are relevant to support autonomous
driving, nd how can they be combined?
The project aims to investigate road infrastructure measures that have the highest effectiveness for the transition period with automated vehicles and non-automated road users. Another objective is to identify where those
measures must be implemented. To this end, via-AUTONOM develops a risk model, which identifies critical spots
and road sections (e.g. intersections, roadwork zones, curves with limited sight distance) concerning a future
penetration of automated vehicles. Based on this, the effectiveness of a predefined set of infrastructure measures
and the impact of varying availability and quality of different data sources will be studied by means of simulation
methods. By doing so, road safety and traffic flow can be evaluated. The project primarily focusses on non-urban
roads, i.e. motorways, primary and main rural roads. For urban areas, a small-scale feasibility study will be conducted in parallel to the simulation-based effectiveness study. This feasibility study will show to which extent the
approach used and requirements identified in via-AUTONOM can be applied to urban areas.
The results of via-AUTONOM comprise a set of recommendations for infrastructure measures to support automated driving, a method to identify critical road spots and sections in the Austrian road network as well as a
conceptual architecture for the efficient use of data from vehicles, infrastructure and digital maps.
Truck Platooning Development and Demonstration
A partially automated 3-Truck Platooning System was developed and tested under the sponsorship of FHWA’s
Exploratory Advanced Research Program. First, Volvo trucks were modified and instrumented with new hardware
to enable SAE Level 1 platooning. New control software was then developed for a 3-truck platooning system that
utilized Vehicle-to-Vehicle Communications and GPS as well as object detection sensors such as radar and camera with image processing. Simulation studies were conducted in the I-710 Corridor adjacent to the Port of Long
Beach to demonstrate the benefits of heavy vehicle platooning in mixed traffic. Human Factors studies were
conducted on a Driving Simulator to determine the information needs of drivers while platooning. Additional

1st Century
FEHRL’s Flagship Programme

38

Human Factors studies were conducted on the road with professional drivers in mixed traffic to determine the
acceptable time gap while platooning. Finally, two formal demonstrations were staged in Long Beach, CA on the
I-110 corridor and in Centreville, Virginia on the I-66 corridor.
New York Connected Vehicle Project https://cvp.nyc/
This project focusses on connected vehicles to make the roads safer and smarter and contribute to NYC’s Vision
Zero goals to eliminate traffic related deaths and reduce crash related injuries and dames to both the vehicles
and infrastructure. This project will use V2V, V2I and infrastructure-to-pedestrian (I2P) communications, to provide drivers with alerts so they can take action to avoid a crash or reduce the severity of injuries or damage to
vehicles and infrastructure.
The goal of this project is to show that the benefits justify the sustainability of the operation and will encourage
others to outfit their vehicles thus increasing the benefits to all. In fact, the National Highway Transportation
Safety Administration (NHTSA) has begun a rulemaking process that will require this technology on all new vehicles sold in the US. A large US automobile manufacturer has already announced its intention to include this
technology in some of its new models in 2017.
Michigan V2I on SMART bus https://www.michigan.gov/som/0,4669,7-192-29907-470209--,00.html
The Michigan Department of Transportation (MDOT) is testing (V2I) technology on a section of M-97 (Groesbeck
Highway) in Macomb County, with an aim to make public transit safer and more efficient. MDOT and the Macomb
County Department of Roads (MCDR) have equipped six intersections of Groesbeck Highway, between Masonic
Boulevard and Metropolitan Parkway, with dedicated short-range communications (DSRC) devices. These devices transmit information from the signal to inside the bus, via an onboard unit, to inform the driver of signal
timing changes and potential red-light violations.
Wyoming DOT Connected Vehicle Pilot https://wydotcvp.wyoroad.info/
Interstate 80 (I-80) runs 402 miles along Wyoming’s southern border and is an essential east-west connector for
freight and passenger travel. The corridor averages more than 32 million tons of freight deliveries each year. A
lack of alternate routes means truck volume can reach as much as 70 percent during seasonal peaks.
Wyoming’s extreme weather—including blowing snow in winter and fog and high winds in summer—create
dangerous conditions for drivers on I-80. In the Connected Vehicle Pilot, Wyoming DOT will use V2V, V2I and I2V
communication to improve monitoring and reporting of road conditions to vehicles on I80, achieved through 75
roadside units and 400 instrumented fleet vehicles with data collected giving drivers improved travel information
through services such as the Wyoming 511 app. Information provided to travellers will include forward collision
warning, I2V situational awareness, work zone warning, spot weather impact warning and distress notification.
SiTe Automation Practical Learning (STAPLE)
STAPLE (SiTe Automation Practical Learning) addresses Topic C “Practical learnings for NRA’s from test sites” of the
2017 CEDR call “Automation” and is a 24-month project starting on September 1st 2018. FEHRL are the project
lead, with FEHRL institutes AIT, IFSTTAR and VTI and SMEs from the UK and Poland. The overall aim of STAPLE is
to provide a comprehensive review of technological and non-technological aspects of the most relevant connected and automated driving test sites to understand the impact of these sites on the NRA’s core business and
functions. This project will provide NRAs with the necessary know-how on connected and automated driving
test sites, with the aim of supporting their core business activities, such as road safety, traffic efficiency, customer
service, maintenance and construction.
The project will build on previous work by CEDR and others (EU and national level projects) as well as on FEHRLs
test sites experience gained through various Scanning Tours organized in the recent years. STAPLE will bring together the results of other projects, initiatives and actions such as C-Roads, Vehicle Platooning or UK CITE and use
them to identify how current test sites for connected and automated driving can be used to determine the key
areas/priorities for NRAs and the impacts of these test sites on their business and operating processes. STAPLE
will also embrace the results of these previous and current works via investigation of the key performance areas,
where automated and connected driving test sites can influence NRAs operations in terms of new technologies
to improve road safety, traffic efficiency, the environment, customer satisfaction, maintenance and construction
processes.
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A searchable catalogue of test sites, together with their current activities for future reference by NRAs will be
produced s a result of this project. This online tool will provide reference information and guidance on what type
of technologies are available and will help in identifying existing gaps of current and future operations of these
sites as well as the implications for the NRAs core business areas. Additionally, a comprehensive assessment will
be performed on additional considerations such as the NRA-related implications of SAE Level 3 and 4 automated
systems on the network, roads with/without physical infrastructure, maintainability and construction as well as
the need of roadside equipment. Governance issues and harmonisation of national ITS systems to achieve connected driving and infrastructure readiness for V2X/X2V applications will also be of concern for STAPLE. Lastly,
roles and responsibilities of the different stakeholders at test sites and socio-economic assessment of the sites
will be carried out to gain a full spectrum of test sites’ performances and their influence on NRAs’ business processes. Learning from the test sites will be handed over by the STAPLE consortium to the NRAs in the form of
guidance, recommendations and interactive online catalogue supporting current and future decisions regarding
achievement of such targets as zero fatalities, zero emissions, 24/7 availability, efficiency savings, reliability and
environmental protection via automation of road transport.
MOVE-UK
The project is conducting live trials of automated driving systems (ADS), collecting detailed event and performance data. This will facilitate the development of approval methods to underpin ADS safety performance; data
applications for consumers and wider society via connected mobility in the smart city environment; insights
into high resolution automotive data; and, to gain business resilience and strategic insight by understanding the
disruptive potential of autonomous technologies in the personal mobility market.
SCOOP@F: http://www.scoop.developpement-durable.gouv.fr/en/
SCOOP@F is a Cooperative ITS pilot deployment project co-financed by the European Commission that intends
to connect approximately 3000 vehicles with 2000 kilometres of roads. It consists of 5 specific sites with different types of roads: Ile-de-France, “East Corridor” between Paris and Strasbourg, Brittany, Bordeaux and Isère.
SCOOP@F is composed of SCOOP@F Part 1 from 2014 to 2015 (ongoing) and SCOOP@F Part 2 from 2016 to 2018.
Its main objective is to improve the safety of road transport and of road operating staff during road works or
maintenance.
SCOOP@F Part 2 includes the validations of C-ITS services in open roads, cross border tests with other EU Member States (Spain, Portugal and Austria) and development of a hybrid communication solution (3G-4G/ITS G5).
SCOOP@F Part 2 cooperates with ongoing European pilot projects, the C-ROADS Platform and the EU C-ITS platform. The project aims at reaching a critical mass in the number of tested vehicles, roads and services, in order to
provide a representative evaluation of C-ITS. It also stimulates collaboration between automotive manufacturers
and road operators, the exchange of best practice and innovation in solving common problems.
C-the-Difference: http://c-thedifference.eu/
C-The Difference pilot project financed by the European Commission has been elaborated on the basis of a
shared vision developed and adopted by the consortium partners representing demand and supply sides who
have been committed for the last 10 years to bring C-ITS (Cooperative-Intelligent Transport Systems) to the market through intensive efforts and long-lasting investments in the development and deployment of C-ITS services.
This group of pioneers including cities of Bordeaux and Helmond are strong believers in the capacity of C-ITS
services to bring efficient and cost-effective solutions to address urban mobility problems with respect to traffic
efficiency, safety and impact on the environment.
The project aims at delivering a comprehensive and integrated impact assessment by means of enhanced evaluation methodology and up to 18 months operation of C-ITS services package. Results will contribute to bridge the
gap between most advanced C-ITS implementations in urban environment and large-scale deployment and operations by targeting professionals responsible for urban transport planning and operations, policy makers and decision makers. In parallel a City Twinning Program has been established with European cities to share best practices,
transfer knowledge and foster replication in order to convince them to invest in mature and proven C-ITS solutions.
CoEXist: https://www.h2020-coexist.eu/
The mission of CoEXist project co-financed by the European Commission is to systematically increase the capacity of road authorities of getting ready for the transition towards a shared road network with increasing levels
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of automated vehicles (AVs), both in terms of vehicle penetration rates and levels of automation using the same
road network as conventional vehicles (CVs). CoEXist will enable mobility stakeholders to get “AV-ready” – which
CoEXist defines as conducting transport and infrastructure planning for automated vehicles in the same comprehensive manner as for existing modes such as conventional vehicles, public transport, pedestrians and cyclists,
while ensuring continued support for conventional vehicles on the same network. AV-ready transport and infrastructure planning in cities is a key precondition for fulfilling the promises of AVs to reduce road space demand
and improve traffic efficiency and safety – without it, AVs could simply increase the urban mobility problems.
CoEXist address three key steps in transport and infrastructure development:
AV-ready transport modelling: Validated extension of existing microscopic and macroscopic transport models to include different types of AVs (passenger car/ light-freight vehicle, automation levels).
AV-ready road infrastructure: Tool to assess the impact of AVs on safety, traffic efficiency and space demand
and development of design guidance for hybrid (AV-/CV-shared) infrastructure.
AV-ready road authorities: Elaboration of eight use cases in four road authorities (Gothenburg, Helmond,
Milton Keynes and Stuttgart), used to evaluate AV impacts on safety, traffic efficiency and road space requirements (with CoEXist tools) and making detailed hybrid infrastructure design recommendations.
L3PILOT: www.l3pilot.eu/
The overall objective of the L3Pilot project co-financed by the European Commission is to test the viability of
automated driving (AD) as a safe and efficient means of transportation, exploring and promoting new service
concepts to provide inclusive mobility. This high-level objective is detailed as four major technical objectives: (i)
create a standardised Europe-wide piloting environment for automated driving (ii) coordinate activities across
the piloting community to acquire the required data (iii) pilot, test, and evaluate automated driving functions
and connected automation (iv) innovate and promote AD for wider awareness and market introduction. The
European automotive sector must remain competitive in vehicle automation in the face of increasing competition from the US and Asia. Only by joining forces in pilot testing and evaluation of AD systems with real users
will European industry meet the challenge coming from overseas. The project will focus on large-scale piloting
of SAE Level 3 functions, with additional assessment of some Level 4 functions. The functionality of the systems
used is exposed to variable conditions in 11 European countries, 100 vehicles and 1000 test drivers. The approach
will be to adapt the FESTA methodology for testing automated driving needs. The tested functions cover a wide
range from parking to overtaking, and urban intersection driving. Due to its large coverage of driving situations,
L3Pilot is unique, and the first project which will demonstrate and test such a comprehensive menu of automated driving functions. The data collected will also be made available for third parties outside the consortium,
for further use. The evaluation of the data will focus on technical, user acceptance, driving and travel behaviour,
impact on traffic and society. The project promotion will include user outreach campaigns with four showcases,
and the creation of a comprehensive guideline - a Code of Practice - with best practices for the development of
automated driving functions.
CONCORDA
CONCORDA is a 33-month project co-financed by the European Commission with a timeline from 1 October 2017
until 30 June 2020, which is expected to contribute to the preparation of the European motorways for automated
driving and high-density truck platooning with adequate connected services and technologies. The main scope
of this project is to assess performances (reliability/availability) of hybrid communication systems, combining
802.11p and LTE connectivity, under real traffic situations.
The specific project objectives are the following:
Assess the performance of hybrid communication systems in terms of reliability and availability;
Improve localisation services;
Contribute to a new standard of evaluation of the existing standards such as ETSI (European Telecommunications Standards Institute) and C-ITS (Cooperative Intelligent Transport Systems);
Contribute to interoperability and continuity of services: the specifications (new or evolved standards) will
be applied on all test sites according to the C-ITS Platform recommendations in order to guarantee the interoperability and continuity of services piloted in the CONCORDA project aiming at EU-wide interoperability of
services;
Cooperation with the European Commission, C-ROADS (a joint initiative of European Member States and
road operators for testing and implementing C-ITS services in light of cross-border harmonisation and in-
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teroperability), SENSORIS (Sensor Ingestion Integration Specification), EATA (European Automotive Telecom
Alliance), CEDR (Conference of European Directors of Roads), 5GAA (5G Automotive Alliance – 5th generation
mobile networks) and NGMN (Next Generation Mobile Network).
In particular, CONCORDA will respect all C-ITS services deployed within the C-Roads initiative and will ensure
that newly deployed C-ITS services or C-ITS services using new communication systems (e.g. LTE-V2X) and will
not affect existing services in terms of interferences and interoperability, will contribute to the preparation of
the European motorways for automated driving and high density truck platooning with adequate connected
services and technologies.
SKILLFULL
The SKILLFULL project aims to understand the existing, emerging and future skills requirement of workers in the
transportation sector and structure the key specifications and components of the curricula and training courses that
will be needed to meet these competence requirements. It also aims to identify and propose new business roles
in the education and training chain, in particular those of “knowledge aggregator”, “training certifier” and “training
promoter”, in order to achieve European wide competence development and take-up in a sustainable way.
Digibus Austria
The Austrian flagship project “Digibus Austria” pursues the goal to research and test methods, technologies and
models for proofing a reliable and traffic-safe operation of automated shuttles on open roads in mixed traffic in a
regional driving environment on automated driving level 3 (“Conditional Automation”) and creating foundations
for automation level 4 (“High Automation”). Expected results address the following fields: (1) Driving environment and digital infrastructure (assessment and configuration of the driving environment, (partly) automated
toolchain for generating the digital driving environment as well as the driving path, robust and reliable connectivity and positioning), (2) driving scenarios and interaction with other traffic participants (traffic-safe completion
of typical driving scenarios in mixed traffic, concepts for traffic-safe interaction with other traffic participants)
and (3) automated mobility system and passenger interaction during driverless operation (intermodal mobility
system integration, voice and video-based interaction for passengers during driverless operation). All methods,
technologies and models are tested on a non-public test track (Driving Center Teesdorf or Salzburg Ring) as well
as on two public, regional test tracks (Salzburg Koppl and Wiener Neustadt, Federal State Exhibition 2019 of
Lower Austria) including 100 test persons as well as up to 10.000 passengers. The results will lay the foundation
for an Austrian Reference Model for real-world testing and operation of autonomous shuttles in regional public
transport systems. The flagship project Digibus Austria, with a runtime of 3 years, coordinated by Salzburg Research, is conducted by a top-class consortium of leading enterprises (Kapsch TrafficCom, ÖBB Holding, PRISMA
solutions, Commend, Fluidtime, HERRY Consult, EasyMile) and research institutes (Virtual Vehicle Competence
Center, Austrian Institute of Technology, University of Salzburg – Center for Human Computer Interaction, University of Natural Resources Vienna – Institute for Transport Studies, Factum) along the complete value chain
from vehicle manufacturers to mobility service providers.
Auto.Bus
The auto.Bus - Seestadt project aims to enhance the operational quality of future autonomous bus routes by
means of planned technological innovations. The goal is to sustainably increase the efficiency and operational
safety of autonomous vehicles, with the ultimate goal of operating a bus line in Seestadt Vienna under real conditions – with stops, timetables and real passengers. The bus will be in Vienna from 2018 and will continue to be
developed under the scientific leadership of AIT ahead of expected testing in Seestadt from autumn 2018.
WIENER LINIEN ensures that the technological developments are focused on the midterm and long-term
introduction of autonomous buses in the best possible way. The question of if, and how, it is possible to effectively integrate self-driving buses into a large transport company’s service is of particular interest.
AIT is in charge of the scientific direction of the research project and will develop the technology within the
framework of the project (sensor technology, machine learning).
The KFV performs an advisory role with regard to the current legal situation for autonomous vehicles and
is gathering research relating to the possible development of the Austrian road traffic regulations (StVO).
In addition, the KFV will be in charge of the project’s communications and will prepare the residents of the
Seestadt in particular for self-driving buses.
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TÜV AUSTRIA will work on the functional safety and IT & cybersecurity of the systems used and subsequentlyenhance them for use on public roads. For this purpose, the requirements and test criteria for a future homologation process of automated vehicles will be developed.
SIEMENS will develop the communication between the vehicles and the infrastructure (traffic lights, road
signs etc.).
Two autonomous buses are provided by the project partner NAVYA.

7. DEMONSTRATION PROJECTS
As the Forever Open Road programme moves from concept to development, there is an interest in identifying demonstration projects that show at filed or operational stage single level or sub-system technologies
that support the aim of this roadmap. Certain projects have been identified below, with more to be added
in the coming years.
Highways England Smart Motorway Programme
Highways England has a programme66 aimed at alleviating congestion through a technology-driven approach
through adding more than 240 miles (480 lane miles) of extra capacity through smart motorways. On smart
motorways, the hard shoulder can be used for traffic either permanently or at peak times., to provide additional
capacity.
Technology monitors congestion levels and adjusts the speed limit to smooth traffic flow, to reduce stop-start
driving and improve journey times and journey time reliability. It can also activate warning signs to alert road
users to traffic jams or hazards ahead and close lanes if required, for example to let emergency vehicles through.
Analysis of data from the first smart motorway opened in England has found that:
journey reliability improved by 22 per cent
personal injury acci dents reduced by more than half
where accidents did occur, severity was much lower overall with zero fatalities and fewer seriously injured
GATEWAY
Testing driverless, zero emission vehicles in an urban location Royal Borough of Greenwich, London. The project
will demonstrate automated transport systems to the public, gauge the extent to which these systems are used,
trusted and accepted and provide essential insights into the human factors issues that may be critical for the
successful deployment of automated transport systems.
DigiTrans: https://www.testregion-digitrans.at/en/
The project DigiTrans aims on the establishment of test region for automated and interconnected driving within
the central area Austria North, taking into account the requirements of industry and infrastructure operators and
focus on a user- and impact-driven realization within a sustainable operating model.
Establishing modern, integrated and multi-modal freight mobility in the region of Linz – Wels – Steyr and adjoining company and freight of areas of air- and seaports will be the focus of project DigiTrans. This means:
Use Case-driven orientation on transport and special vehicles as innovation platform for automatization and
interconnection
Result-driven integration of logistics hubs, like Ennshafen airports or further company areas Business Casedriven local increase and common usage of infrastructure beyond Upper Austria, e.g. Vienna, Styria, Bavaria

66

http://www.highways.gov.uk/smart-motorways-programme/
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E8 Borealis
The E8 Borealis research and development programme involved 40-kilometre-long stretch of the E8 in Skibotndalen becoming one of five Norwegian road sections selected as a national test laboratory pilot for new ITS
technology. This road was selected for its socio-economic significance. It is a road with demanding winter conditions and a large share of heavy vehicles; 26 percent of all traffic. This share of heavy vehicles has increased by
more than 70 percent since 2010. This project will also cooperate with a corresponding Finnish project, Aurora,
covering the roadway section running from Kilpisjärvi to Kolari. A three-year agreement for the Finnish-Norwegian cooperation project Aurora Borealis was signed in the Finnish city of Muonio in February of 2016.
ENSEMBLE
The main goal of the ENSEMBLE project co-financed by the European Commission is to pave the way for the
adoption of multi-brand truck platooning in Europe to improve fuel economy, traffic safety and throughput. This
will be demonstrated by driving six differently branded trucks in one (or more) platoon(s) under real world traffic
conditions across national borders.
Following objectives are defined:
Achieve safe platooning for trucks of different brands. Relevant authorities will be approached to jointly define road approval requirements including V2I communication.
Work towards the standardization of different aspects of platooning: manoeuvres for forming and dissolving of platoons, operational conditions, communication protocols, message sets, and safety mechanisms.
Platooning Levels will be defined to guide the design of different platooning functionalities and strategies,
reflecting the full diversity of trucks with platooning functionality. Stakeholder groups will be set up to ensure
that the pre-standards are taken up by the respective organisations and working groups to form the actual
standards. If necessary a multi-brand platooning working group will be initiated.
Real-life platooning: The intended practical tests on test tracks and in real life serve a three-fold purpose: 1)
“learning by doing” testing across a C-ITS corridor in Europe, 2) assess the impact on traffic, infrastructure and
logistics, while gathering relevant data of critical scenarios and 3) promote multi-brand platooning through
a final event.
ENSEMBLE brings the key actors for deployment together: six major truck OEMs will form the core of the project
consortium, supported by CLEPA that will act as an umbrella organisation to involve all relevant suppliers. In
addition, a limited number of expert organizations will be involved to cover specific topics such as safety assessment, traffic impact, and platoon control system design.
Testing Connected Vehicle Technologies in a Real-World Environment
https://www.its.dot.gov/research_archives/connected_vehicle/dot_cvbrochure.htm
The Connected Vehicle Test Bed has been funded by the US Department of Transportation as a resource available
to developers to test how connected vehicle technologies will perform under real-world operating conditions.
The test bed consists of a network of 50 roadside equipment (RSE) units installed along various segments of
live interstate roadways, arterials, and signalized and unsignalized intersections, in Novi, Michigan, to enable
developers test new hardware and software to advance CAV technology. Intersections, roads and vehicles will be
linked through wireless connectivity, with the goal of providing real-life conditions, state-of-the-art infrastructure, interference-free and continuous wireless connectivity and variable road environments.
Future demonstration projects
Following the 2018 European Commission’s Strategy - On the Road to Automated Mobility: A EU Strategy for
Mobility of the Future, calls for proposals to support research and innovation for automated road transport are
planned for 2018-2020 with a total budget of EUR 103 million. The emphasis of these calls is on large scale demonstration pilot projects to test highly automated driving systems for passenger cars, efficient freight transport
operations and shared mobility services in urban areas. Other research priorities include user acceptance, design
of a safe human-machine interface, road infrastructure to support automation and testing and validation procedures of automated driving functions. In addition, the Commission will offer support in 2018 for testing the use of
5G connectivity to enable highly automated driving functions and new mobility services with a budget totalling
around EUR 50 million.
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8. CONCLUSIONS
This document provides an update to the original Automated Road Roadmap first published in 2013 to
take account of progress against milestone 1, to provide research and implementation recommendations
towards milestones 2 and 3 and to give information of ongoing research projects that are working towards
the aims of the Automated Roadmap.
Moving towards 2020, there will be a move towards identifying existing and developing new demonstration
projects of single technologies and of sub-systems from both FEHRL and external organisations. As the technological advances are developing quickly in this field, there will also be a requirement to undertake research on
new technologies and systems. As this phase progresses, an increasing number of external organisations such
as intelligent transport systems related ones, will play an important role in the implementation of technologies
developed as a result of the Forever Open Road programme. Nonetheless, FEHRL will retain an important role in
fostering cooperation between both FEHRL institutes and external organisations to develop ongoing research
activities and in dissemination.
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