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Foreword
The transport sector is facing many challenges that will revolutionize the way society
interacts with the mobility ecosystem. Roads, as always, are a fundamental piece of
that ecosystem, allowing interaction with vehicles and road users. Therefore,
anticipation and preparation are critical to guarantee that all road-related
stakeholders have the most sustainable, efficient, safer and cleaner mobility
services.
This Manifesto's main objective is to provide the basis for discussion to proactively
prepare ourselves for the mobility revolution that Connected and Autonomous
Vehicles (CAV) bring to our sector. Understanding the challenges that come with the
digital revolution, ahead in advance, will allow us to better plan, to evaluate
alternatives and to come up with solutions, right from the start, to obtain relevant
results and to improve the transportation system as a whole.
We want to express our gratitude and that of our Federation to our partners who
helped us produce this document and thank the IRF Secretariat people who
managed its production. All this work wouldn't be possible without them.
We hope that by reading the next pages, you find the motivation to join us to
promote sustainable mobility for all.
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The Manifesto in a nutshell

About CAMC

Congested cities, inadequate public transport, unsafe roads, pollution, and high vehicle acquisition
costs all point to the urgent need to rethink mobility. The introduction of technologies related to
connectivity, automation, electrification, and digital innovation is challenging and transforming a
dynamic and ever-changing transportation sector.

A challenging and exciting transformation of the transport sector is occurring nowadays due to
rapid technological advancements. This latter transformation is characterised by an equally
challenging transitional period towards a new ecosystem.

While digital technologies can provide the transport sector with unprecedented instruments
towards a sustainable future, they also present a host of new challenges as we shift towards new
mobility models. The car industry is currently under pressure: new forms of ownership (shared
mobility), e-vehicles (decarbonisation), forced a modal shift to rail and waterways, user-pays and
polluter-pays cost allocation schemes, and changes in urban mobility.

While most progress and debate around these issues are centred on vehicles, it is becoming
evident that the road infrastructure sector will play a significant role. Our sector must ensure that
all the relevant parts of this new ecosystem work harmoniously in the same direction to provide
seamless, safe, efficient, and sustainable transport.

The International Road Federation (IRF), based in Geneva - Switzerland, with a history of more than
70 years and on the forefront of every form of transformation of road transport, launched the
Connected and Autonomous Mobility Committee (CAMC) to respond to our society's extensive
challenges.
The joint committee led by the International Road Federation (IRF), with the support of the
European Union Road Federation (ERF) and the European Association of Operators of Toll Road
Infrastructures (ASECAP), aims to build a shared vision that will guide the upcoming transition
period towards a mixed-traffic scenario, i.e. conventional and autonomous vehicles.
This Manifesto summarises the initial discussions about the main challenges of the three
main workstreams guiding the committee work.

The International Road Federation (IRF), along with key strategic partners in the road infrastructure
sector, launched the Connected and Autonomous Mobility Committee (CAMC) to address these
topics.
The Committee's mission is to define the road infrastructure sector's role, vision, and challenges in
this transition period towards cooperative, connected and autonomous mobility.

Objectives

Regulatory framework
The lack of adequate physical road infrastructure hinders our sector's ability to achieve
higher autonomous driving levels. Over time, digital infrastructure will enhance physical
infrastructure and create a safe and robust operational design domain (ODD) in
cooperation with the intelligent vehicle. It is crucial to develop meaningful performancebased norms, standards, and specifications in a public procurement world.

Build a shared vision regarding the road infrastructure sector's role during the
upcoming transition period of mixed-traffic scenario, i.e. conventional and
autonomous vehicles.

Facilitate cooperation between private and public sectors to ensure a high level of
safety, efficiency, and sustainability in the road infrastructure sector.

Future workforce and social needs
The challenges of automation, new technology and the future of work are some of the
most critical issues that workers are facing today. Automation and technological
advances undoubtedly present challenges, but also opportunities. To this extent, the
public and private sectors require guidance and support about future staff needs and
roles in how both sectors should work together to maximise connectivity and
automation benefits.

Technological innovations
The implementation of evolving technological trends has started in many segments of the
transport chain. Despite significant advancements, the deployment of autonomous vehicles
remains a challenge. Additionally, there is limited research regarding the improvement of
road infrastructure to serve smart vehicles. Hence, developing an autonomous driving
system that includes an engineering approach should cover all essential entities, vehicles,
infrastructure, and the management system. This workstream addresses the concept of
connected infrastructure, built on digitalisation elements, and the availability of relevant
static and dynamic information.

Provide input and guidance towards ongoing processes and initiatives.

Get involved
The Committee is open to IRF members, road operators, technology providers, research
institutions, national and regional authorities, associations, and other organisations upon
invitation.
If you think you can bring value to the CAMC work , please write to info@irfnet.ch

CAMC workstreams challenges
Regulatory framework
Without an adequate physical road infrastructure1, our sector cannot achieve higher levels of autonomous driving. Gradually, digital infrastructure will complement physical road infrastructure and assist
in creating a safe and robust Operational Design Domain (ODD) that aligns with the intelligent vehicle.
These ODD's will create growing islands for specific use cases of higher SAE levels2. Technical requirements and related KPIs will be embedded in safety, harmonisation, standardisation, and interoperability.
This regulatory framework will be the economic model's backbone for the road equipment supplier,
contractor, and road operator. It is crucial to develop meaningful performance-based norms, standards, and specifications in a public procurement world. Today the detection of road safety equipment,
such as road markings, traffic signs, bollards, and delineation of work zones, is based solely on the human eye's visibility.
The fast penetration of Advanced Driver-Assistance Systems (ADAS) based vehicles requires these
norms to cover a machine vision dimension as well. By 2024 the EU General Safety Regulation3 will mandate all new vehicles to assist the driver with various ADAS, including lane-keeping, adaptive cruise control and intelligent speed assistance. Studies have illustrated that road markings' optimal detection under different weather conditions, a lane-keeping or departure warning system could reduce up to 30%
of head-on or single-vehicle crashes.
Not all sensors depend on visible light; Lidar moves into the near-InfraRed (IR) domain, and radar even
further away from the visible light, which moves performance-based standards and Key Performance
Indicators’ into unknown territory. Digital infrastructure will duplicate the physical infrastructure by creating a digital High-Definition (HD) map, preferably with real-time updates. It will also offer an array of
smart and safe mobility applications: traffic and asset management, emergency response as the essential services, even toll collections in the toll road domain. In the future, it will also assist in achieving
higher levels of automation4.
Each of these applications or services requires a harmonised launch worldwide with an uninterrupted
cross border transition. Hence, the role of the United Nations Economic Commission for Europe (UNECE)5 to create standards and regulations for vehicles, infrastructure and telecommunication .

Challenges and related actions
A. The difference in speed of the technological evolution between the road infrastructure and
the vehicles
Product life cycles and execution in both areas are not in-sync and will never be. Although infrastructure
is needed to safely move towards higher automation levels, the automotive industry illustrates the
incapability to wait; nevertheless, it still requires infrastructure to support a safe system or ODD.
Furthermore, the technical characteristics of both deployment stages are quite different. Compared to
the autonomous driving industry's technological development speed, the legislation of relevant laws
and regulations is lagging.
Currently, the issued policies and regulations are mainly based on road test specifications for
autonomous vehicles and industry standards. There is no substantial progress in revising the existing
road traffic safety law, privacy protection, and network information security.
1 https://ec.europa.eu/transport/sites/transport/files/2017-09-c-its-platform-final-report.pdf
2 https://www.sae.org/standards/content/j3016_201806/
3 https://ec.europa.eu/transport/road_safety/sites/roadsafety/files/pdf/ersosynthesis2018-adas.pdf
4 https://www.unece.org/fileadmin/DAM/trans/doc/2018/sc1/ECE-TRANS-SC1-S-Present-2018-5e.pdf
5 https://www.unece.org/trans/main/sc1/sc1.html

B. Public sector difficulties in dealing with the innovation of new infrastructure investments.
Innovative solutions do not comply with the traditional public procurement process as defined by
various standardization bodies, and other norms only cover the "known" products. New technology
commonly starts with a single supplier and lacks the "peace of mind" offered by the "traditional way".
However, it is crucial to establish a framework regarding relevant regulation surrounding product and
market entry, infrastructure construction, transportation market management, privacy, and security.
Government bodies and professional societies should actively promote, develop, and revise relevant
laws and regulations to better adapt to the autonomous driving era's needs. This latter will ensure that
the various digital infrastructure solutions are not overwhelming for the traditional road operator.
C. Data generation and ownership
Vehicle and infrastructure sensors, mobile devices generate enormous amounts of data that could be
transformed into valuable information for the consumer and road owner—leading to new business
models and new players. "Data is the new oil".
D. A financial ecosystem that invests in the entire industrial chain
Relevant technologies cover various areas such as electrical, communications, manufacturing, and
internet industries, in which the applications and experiments of new technologies will continue to
appear. Participants should actively use the industry's resources to form a functional ecosystem,
facilitating the industry to explore and recommend high-quality projects and investment opportunities.
E. The level of automation is complex for road authorities to mandate specific rules or
legislations
Some embedded bills are difficult to change as they interlink with other regulations, e.g. road rules with
parking regulations. In the United States, legal, regulatory, and executive authority for autonomous
vehicles resides primarily within each state. As a result, an array of arrangements has taken shape
across the country to govern autonomous vehicles' allowance on public roads and the way they are
deployed.
These arrangements vary from state to state, both in terms of what legal mechanisms are employed
(state law, regulations, executive orders, general policy or some combination) and the level of detail
prescribing permissible actions.
Additionally, the lack of cooperation between the automotive industry and (physical) infrastructure
creates an additional barrier. The automotive industry prefers to have a solution that may be
"infrastructure-independent". The fierce competition between the different vehicle manufacturers
creates contrasting propositions towards the consumer, i.e. "my car is more reliable and has a higher
level of autonomy".
The industry is also aware that not all roads can be upgraded to the same level. Given the dynamic
nature of the field and constant advances in technologies, these frameworks become outdated rapidly
and can hinder the practical piloting and mainstreaming of technologies.
Furthermore, the vast array of approaches taking shape across the states offer a laboratory of
experimentation to learn from one another, rather than become a national deployment barrier. This
latter calls for knowledge sharing among states to help inform the more mature development of
legislative and regulatory frameworks intended to govern autonomous vehicles. Hence, the need to
develop a balanced and regulatory framework that provides appropriate boundaries to test unproven
technologies while also providing room for outcomes of new technologies and practical solutions.
F. The law has to be changed: the responsibility for driving does not rest with a human anymore
Road infrastructure must conform to the minimum requirements of being readable by connected
vehicles (e.g. road markings, road signs, road surface). The signalisation of road works should be
harmonised and traffic codes across the globe should become more and more comparable and
interoperable.

Future workforce and social needs
Specific technological trends, including automation, are expected to cause and drive essential
transportation sectors' fundamental changes. Simultaneously, they are expected to have significant
societal implications on the sector's employment and workers' qualification. The discussion on the
impacts of automation naturally leads to a debate regarding their long-term effect on the transport
labour market, job quality, and economy.
There have been several debates regarding the future of transport and the implications for human
capital. On one end, machines may substitute a significant rate of workers (both low and middle-skilled)
in different positions and tasks, leading to technological unemployment and breakdowns in the social
order.
On the other hand, some visualise a future where human creativity will continue creating new jobs and
establishing further cooperation between humans and machines. Automation affects all transport
modes, including remotely controlled vessels, driverless trucks, cars and trains, autopilot on
aeroplanes, drones for logistics delivery. Transport is a significant jobs provider in Europe (1 out of 20
jobs - 5% of the labour force) and an ageing sector (with 1/3 of its workers over 50 years old lacking
appeal). Thus, automation might partially solve the lack of labour in the industry in the future.

Over the last several years, NOCOE has evaluated what the future of the workforce could look like. In
the process, developing significant resources that identify how traditional roles should evolve and how
new ones could be implemented, as well as focusing both on the professional and paraprofessional
workforce. NOCOE has taken the organisation's Leadership and its Human Resource staff's perspective
to identify how to determine its workforce needs, recruit and retain staff, and benefit from the
educational and training opportunities vital to keep its focus up to date.
At European level, the European Commission (EC), through projects SKILLFUL and the "Study on the
social dimension of the transition towards automation and digitalisation in transport, focusing on the
labour force" provide its approach on future workforce needs and how to reskill/upskill the workforce
towards automation requirements7.
B. Overview of the training needs and suggestion of necessary training modules and
programmes
Training content needs to be harmonised in terms of quality and delivery across various countries and
regions. Training curricula should also adapt quickly to evolving technologies occurring in most
European Union (EU) countries and elsewhere. However, administrative regulation hinders the quick
adaptation of changes in training curricula. This result in a slow process that can take years to
implement.

The variance found across tasks indicates that some industries will experience automation earlier than
others, with passenger road transport being the most likely to be automated, while rail transport tasks
being less prone to automation. The potential for deep-sea transport is similar to that found in air
transport. Task profiles are more diverse within the supporting activities of a specific transport mode,
such as cargo handling in ports or airports.

Therefore, education policies should lower administrative burdens to facilitate a fast-changing
curriculum to better adapt to jobs demand. Moreover, as diplomas become more recognised globally,
there is a need for a unified training scheme certification, which should be promoted to training actors
worldwide.

Supporting activities for road freight and deep-sea transport have the most significant potential for
further task automation. In contrast, other automation is more challenging to be achieved in the
supporting activities for rail transport. To this extend significant employment increase is expected in
Science, technology, engineering, and mathematics (STEM) job families, while a moderate reduction in
office and administrative roles6.

A harmonised system of accreted courses should be implemented (i.e. an automatism for registration
and yes/no answers on predefined questions for all course providers). Evaluation procedures of skills
for diplomas abstention should be harmonised. For that to occur, universities have to work together to
ensure that transport diplomas obtained in any country can hold validity in other counties and work
towards a common multi-disciplinary global Master on Future Transport.

To this extent, guidance and support are required for the public and private sector regarding future
staff needs and roles on how both sectors can harmoniously maximise connectivity and automation
benefits. And above all, the COVID-19 pandemic will certainly influence changes to the workforce
dynamics and mobility as we know them today.

Opportunities for vocational and life-long learners to combine learning experiences acquired in
different settings should be increased, and certification from these various experiences should be
allowed and encouraged.
C. Examining existing business models, and further developing new business roles, fine-tuned
for automation needs

Challenges and related actions
A. A clear view of the transport labour force's challenges is the transitional phase towards
automation and a sound understating of what information needs to be further investigated
Automation gives rise to new jobs while making others redundant. At the same time, transforming
existing jobs and demanding new skills for emerging new tasks, resulting in a certain level of change
where the current human capital has to be retrained or even replaced by new professionals who
already have these skills.
By 2025, patterns of work will be even more differentiated than today. In response to the shifting
dynamics, the National Operations Center of Excellence (NOCOE), and its founding association partners
of the American Association of State Highway and Transportation Officials (AASHTO), ITS America, and
the Institute of Transportation Engineers (ITE) have facilitated a robust discussion on the Transportation
Systems Management and Operations (TSMO) regarding the future workforce.
TSMO, in American parlance, represents the nerve centre of transportation agencies and is responsible
for managing the agency's transportation infrastructure—across multiple modes, and accompanying
technologies central to the safety and mobility central to the agency's mission.

New business roles (as the six suggested by the SKILLFUL project8) could dramatically change the
transportation sector's future training provision and become the catalyst for its sustainability. For
example, as energy aggregators have paved the way for new, more efficient schemes in energy
consumption reduction in Europe; "transport knowledge aggregators" may equally become the
catalyst for a sustainable and advanced Continuous Vocational Educational Training (CVET) quality in
the transportation area.
Furthermore, "transport training certifiers" and "transport training promoters" can help expand
training schemes from local/national to European and enormously facilitate the mobility of the
European workforce (through recognition of their competences across different regions and workers,
as well as dynamic retraining/reskilling initiatives).
Additionally, the maintenance workforce will need upskililng as well as a traffic management workforce.
Even at the Traffic Management Centre (TMC), the vast array of sensors and data generated will need
analytics, opening a new type of role. Insurance assessors, mechanics, driving instructors etc., will need
retraining or a new role type. Lastly, autonomous vehicles should be initially authorised only on
motorways. Mixed traffic should "not exist": the autonomous vehicles should behave as "normal" ones,
and human drivers should not make any "human driving" mistakes.
6 World Economic Forum. (2016, January). The future of jobs: Employment, skills and workforce strategy for the fourth industrial revolution. In
Global Challenge Insight Report, World Economic Forum, Geneva
7 Relevant Paper: Bekiaris, E., Loukea, M. (2019). Skills and Training Requirements for the Future Transportation Sector of Europe. In the 16th
European Automotive Congress (EAEC-2019), 7-11 October 2019, Minsk, Belarus
8 SKILLFUL Deliverable: D4.2: New business roles and scenarios for training in the Transportation sector

Technological innovations
Tremendous efforts have been made in vehicle automation, such as developing advanced sensors and
algorithms installed on vehicles to imitate human drivers' behaviour. Despite significant progress, the
deployment of autonomous vehicles remains a challenge. Additionally, the improvement of road
infrastructure to better serve smart vehicles is not well investigated.
As we've witnessed the development of modern highways in the early twentieth century in response to
the rapid increase in the use of modern automobiles, it's intuitive to wonder what the next generation
of cars and road systems will resemble. Currently, Connected Vehicles (CV) and Autonomous Vehicles
(AV) are largely progressing on separate paths. AVs will be safer and more effective when connected
with the infrastructure. For this to occur, the focus needs to be on the convergence of CVs and AVs, and
system components, especially automation of vehicles and infrastructure.

1.
2. Evaluation methods of the three core issues of transportation: efficiency, safety, and environment,
in the context of technical characteristics of autonomous driving; and
3. Analysis of industry expansion and its effect on autonomous driving, focusing on innovative
business created jointly by different stakeholders (e.g. traditional transportation engineering
companies, internet companies, telco operators, and the high-precision map companies).
With the improvement of the performance evaluation system for CAV, CAH, and CAVH and the
increasing development of technology applications, the autonomous driving system has transformed
from a vehicle-centric intelligent system to a vehicle-road collaborative smart system.
Many intelligent systems between vehicles and road infrastructure are connected, causing complexity
in implementation, also increasing requirements for the formulation of relevant industrial and technical
standards.

Hence, the need to develop an autonomous driving system that includes an engineering approach,
covering all essential entities, the vehicle, the infrastructure, and the management system. In this
context, a system oriented approach that covers all significant categories of traffic entities is needed to
build coordinated and interconnected transportation operations and control systems. Instead of
focusing solely on "smart" vehicles, the CAMC aims to establish the seamless collaboration of smart
vehicles and smart infrastructure, towards an ecosystem for "Smart Vehicle, Smart Road, and Intelligent
System."

Currently, standards systems related to ADS in general, and CAV, CAH, and CAVH lack clear and detailed
system design and classification, causing obstacles to the industrialisation and application of related
technologies.

In short, CAMC aims to enable and support a general Autonomous Driving System (ADS), and
specifically promote the integrated development of Connected Autonomous Vehicle (CAV) and
Connected Autonomous Highway (CAH), namely a Connected Autonomous Vehicle Highway (CAVH)
System.

B. Common Technology Innovations and Key Technology Breakthroughs

Furthermore, the need to adapt the existing road infrastructure and deploy new technologies to evolve
for autonomous driving and transport is likely increasing as the SAE automation level increases.
Additionally, SAE L3 functions may already have impacts on the efficiency of the transport system. As
we've shifted towards levels 4-5, the adaptation of physical infrastructure and its link with the digital
infrastructure is becoming a vital issue for deploying connected and autonomous vehicles. In this
context, connectivity between infrastructure and vehicles is critical to ensure adequate operational
conditions.
This workstream address the concept of connected infrastructure, built on digitalisation elements, and
the availability of all relevant static and dynamic information. The next step presented here is related
to collaborative schemes of traffic management, significantly improving the road network throughput
performance exploiting this 2-way communication, then interaction, with single vehicles driving on the
road. For this reason, a minimum set of data needs to be shared between vehicles and infrastructure
to ensure a seamless travel experience.
Collaborative traffic management will be the only way to create the quality-of-service conditions and
the planned travel time's reliability. Hence, technological upgrade of road infrastructure represents a
prerequisite for successful autonomous driving deployment.

Challenges and related actions
Infrastructure needs to handle connected and autonomous vehicles of variable degrees of autonomy
and non-connected vehicles. It is crucial to prepare a roadmap for the safe introduction and roll-out of
CAVs and associated infrastructure upgrades required, considering the conditions of mixed CAVs and
non-connected vehicles for both passenger and freight transport.

A. Technical Standards and Effectiveness Evaluation System
A systematic effectiveness evaluation can facilitate the system optimisation of autonomous driving
systems. Considering the following aspects:
1. Efficiency calculation methods for intelligent network connection and communication, autonomous
driving, and various supporting technologies;

Meanwhile, industry development requires the formation of national technical standards for sensors,
network communications, high-precision maps and applications, network security and information
services, high-level autonomous vehicle product certification, and life cycle supervision.

The development of ADS and CAVH Systems involves many technical fields, including connected
autonomous highway, connected autonomous vehicle, communication, cloud and edge computing,
high-precision map, high-precision location, requiring a high degree of integration and application of
related technologies.
The guiding principles to achieve autonomous driving at various automation levels are similar, except
for differences in specific implementation processes. However, in terms of the standard technologies
involved in implementing the ADS functions, the design and evaluation of such aspects as ODD,
reliability and robustness are essential issues that need to be addressed.
The last 5% long tail issues of autonomous driving are the most challenging in terms of technology and
are spread across fragmented scenarios, and unpredicted human behaviours'. In the meantime,
practical algorithms, sensors, computing platforms, and different levels of regulations have imposed
tremendous challenges to the industry and academia.
Taking ODD as an example, even 100% accurate laboratory experiments may not be fully predictive of
real-life situations. Additionally, there are huge variations and uncontrollable real-world scenarios. Even
if a successful ADS test is established in a specific city, the same successful ADS solution cannot be
implemented in another area.
Different societies, cities, driving environments will affect the operation of autonomous driving. Based
on the ADS and CAVH systems' detailed design, it's crucial to develop a set of primary, standard, and
general collaborative innovation platform for ADS and CAVH technologies.
Furthermore, large scale coordination of individual vehicles requires enhanced traffic management
algorithms and systems. It is crucial to develop scalable traffic management solutions that can address
both resilience and capacity constraints while guarantying protection from cyber threats. Open
interfaces for data exchange and interoperability requirements should be defined and implemented
within the broader mobility ecosystem.
From a technological point of view, one of the biggest challenges for infrastructure is related to legacy.
The rapid growth of technology can quickly put the equipment to not last. Common challenges
associated with legacy technologies include rigid integration structure, limited data flow between
systems and applications. In addition to proprietary data protocols, siloed solutions are challenging to
manage with inadequate data security and high data movement latency.

Overcoming challenges mentioned above requires selecting appropriate countermeasures for
infrastructure upgrade on both digital and physical connectivity. It's essential to assess the level of
infrastructure preparation towards road automation, namely the CAH System. This is a significant
challenge that requires developing a defined classification index harmonised across various countries,
including the EU, United States, China and Japan.

C. Establishment of the Ecosystem
It plays a critical role in the research and development, demonstration innovation, and large-scale
industrial applications of the related technologies for autonomous driving systems. The following
ecosystems could be considered:
1. Product-oriented industrial chain ecosystem:
• Form an industry alliance and layout of the large-scale industry chain.
• Strengthen the cooperative development of various industries, including vehicles, roads,
communications, and cloud computing based on unified top-level planning and system design.
• Collaboratively promote the rapid deployment of an ADS in general, and CAVH in particular.
2. Harmonisation of Deployments and Cooperation of Various Demonstration Projects and
Demonstration Parks.
A significant challenge presented by technological evolution is the harmonisation of deployments.
There is a need to align and share steps at a global level through continuous work, ensure
interoperability, and the optimal exploitation of efforts and developments.
As the demand for various demonstration projects increases rapidly in multiple countries and regions,
it's essential to coordinate and plan the demonstration projects and demonstration parks. This latter
will ensure that the needs of various demonstration projects support the development of the industrial
chain ecosystem.

D. Integration with Infrastructure

Therefore, the physical infrastructure should consider the maintenance of road marking or signage
where the human driver is still applicable. But, it also allows for systems to be active if available. For
example, for a road sign (STOP sign) which humans could see (physically) and with an IR, the system
could detect to provide a safer fallback to physically stop the vehicle if drivers fail to stop.
The digital twin is equally essential in ensuring the systems are functioning as intended coupled with a
vast data transfer that is expected from advancing technology in connectivity. Road surface parameters
no longer need a dedicated survey vehicle to collect data if passenger vehicles remain equipped to
receive that information and forward it to a central hub (as piloted in Japan).
Furthermore, the following should be considered for a transition.
•
•
•
•

In a high concentration of CAV, both throughput and safety may be enhanced. However, during
this transition period, both may be impacted.
Integration with other modes (bikes, pedestrians) and safety challenges.
Demand for transportation affected by the pandemic in the short/mid-term.
Increased demand for freight transport resulting from an increased share of sales through
digital channels.

As one of the first steps during the transition, the road equipment (e.g. road markings, road signs)
would become the "rail path" of the autonomous vehicles and serves as their guide. Subsequently, this
equipment should be integrated into a digital infrastructure to drive autonomous vehicles. The
transition phase will be with mixed traffic. At the end, when all vehicles will be autonomous (on a
particular type of road initially), the physical road equipment should even be removed.
The adoption challenge agencies face three-fold. The first is to employ the knowledge, skills, and
abilities required to evaluate, deploy, and maintain these technologies. Secondly, is to establish and
continually update strategic thinking around the use of these technologies, while considering the
implications for funding and asset management which traditionally haven't included "assets" like
technology platforms now commonplace. Third, agencies must be nimble and not hamstrung by legacy
systems that can be supplanted overnight by newer and more efficient and cost-effective systems.
Technology is seen as a panacea by many.

In the process of integrating ADS with infrastructure, it is essential to ensure the following:
•
•
•
•

Guarantee users' privacy;
Protection from cyber threats;
Real-time coordination with the rest of the broader mobility ecosystem;
Complementation with other mobility innovations introduced at the same time.

In other aspects, there could be a higher demand for mobility services via CAV, CAH and CAVH in urban
than rural settings. It is crucial to prepare a strategy for urban mobility to include CAV, CAH and CAVH,
serve mobility needs for passengers and freight, and reduce congestion and carbon emissions.
By introducing a set of guidelines and best practices to help urban planners, transportation engineers
plan and design the physical environment, taking into account the advent of CAV, CAH, and CAVH.
In the integration process, it is vital to consider the following:
•
•
•
•

Be part of a strategy that works towards reducing congestion and carbon emissions.
Complement and cooperate with transit, micro-transit and micro-mobility towards an integrated
model. CAV, CAH, and CAVH could focus on the part of the trip (last mile) or the full OriginDestination.
Adjust the urban environment's functions and aesthetics to the changing network conditions
(fewer vehicles, less space devoted to cars). It's necessary to take advantage of this change to
improve the urban environment.
Implement effective curb management.

E. A Long Transition and Adoption Process
The transition from mechanical/manual to autonomous driving will take time, depending on the
changeover of the fleet of each respective country. For example, in Australia, the changeover to nearly
95% of highly autonomous vehicles will take 12 years from the time all new vehicles can be highly
autonomous.

Still, it is hard work to incorporate it in conjunction with road and bridge building to help manage
capacity rather than simply expand it.
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