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Executive summary
Overview
The CEDR ISAC (Intelligent Access Surface Community) project is a two-year initiative funded by
CEDR under the Transnational Road Research Programme (CEDR Call 2023) [21]. The project
explores how Intelligent Access can improve the management of cross-border road freight transport,
optimising infrastructure use and enhancing sustainability.

The ISAC consortium brings together experts to investigate how digitalisation and connected vehicle
technologies can help National Road Authorities (NRAs) improve road efficiency, safety, and lessen
the environmental impact of freight transport.

Key findings

Definition and types of Intelligent Access
Intelligent Access is a method and regulatory framework that aligns freight vehicle characteristics with
the condition and capacity of transport infrastructure. Final goal is to ensure that the right vehicle, with
the right load, is on the right road at the right time.

It is anticipated that Intelligent Access will start by better facilitating and monitoring road freight traffic
– in particular, by automating information sharing. For example, by providing additional information
services (for instance, about road conditions) and gathering information about the vehicles (for
instance, from in-vehicle weighing sensors).

Intelligent Access can be implemented using various mechanisms, including:

 Permitting and zoning systems: controlling where and when freight vehicles can operate.
 Dynamic routing and traffic control: optimising routing with actual road and traffic data
 Automated compliance enforcement: ensuring adherence to weight, emissions, and safety

regulations.

Existing Intelligent Access implementations and pilots
The report reviews Intelligent Access applications worldwide, providing insights from Australia,
Estonia, Italy, the Netherlands, Sweden, Austria, Spain, Norway, and Germany.

Notable examples include:

 Australia’s Intelligent Access Program (IAP): a nationally regulated telematics framework
to manage heavy vehicle access.

 Italy’s TEWeb system: a digital platform for managing exceptional transport authorisations.
 Estonia’s VELUB system: an eFTI-compliant platform for monitoring heavy vehicle

operations, reducing emissions, and optimising freight transport.
 Urban Access projects, such as UVARExchange, can provide insights from similar initiatives

in the urban realm.

Benefits of Intelligent Access
Intelligent Access presents a range of benefits for NRAs and transport operators, including:

 Enhanced management of assets and traffic for optimised infrastructure maintenance,
design and usage, based on robust statistics and dynamic information services on roads and
traffic.
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 Improved road safety: preventing overloading, monitoring compliance, and enhancing
incident response.

 Sustainability and emissions reduction: supporting low-emission zones, prioritising cleaner
vehicles, and enabling multimodal freight integration.

 Enhanced cross-border operations: streamlining electronic documentation and regulatory
compliance.

 Fairer competition and compliance: ensuring a level playing field among hauliers through
automated enforcement.

Challenges and barriers to implementation
Despite its benefits, Intelligent Access faces several challenges:

 Leadership: There is currently no defined leader to champion the approach and coordinate
stakeholders.

 Legal and regulatory barriers: differences in national laws and GDPR compliance issues.
 Data and hardware standardisation issues: ensuring interoperability across digital freight

systems.
 Stakeholder acceptance: concerns over privacy, cost, and operational changes.
 Cross-border integration: the need for harmonised frameworks for freight movement

between countries.

Stakeholder engagement and workshop findings
A stakeholder workshop conducted in June 2024 gathered insights from regulators, industry leaders,
and logistics experts. Key takeaways included:

 Strong interest in Intelligent Access for emissions control, safety, and regulatory compliance.
 Privacy concerns and lack of harmonisation were seen as major obstacles.
 Pilot projects and clear business cases are needed to drive adoption.

Data gap analysis
The report identifies several data gaps that could hinder successful implementation of Intelligent
Access:

 Lack of infrastructure data: NRAs need to provide accurate information services on road
limitations specific for trucks (i.e. height and weight) or all vehicles (e.g. road closures) to be
taken into account by the planning and executing of trips and routes.

 Insufficient vehicle data: limited availability and integration of weight, emissions, and
location tracking, reduces effective control.

 Fragmented data sharing across borders: inconsistent regulations and data formats
between countries create barriers to seamless Intelligent Access implementation.

 Limited digital permit systems: many transport permits are still paper based, delaying
authorisations and increasing administrative burdens.

 Data privacy concerns: GDPR and other data protection laws restrict how Intelligent Access
systems can store and share vehicle tracking data, and hauliers may be concerned about the
security of their loads. Any Intelligent Access pilot or initiative needs to clearly demonstrate
the legal basis for using such data for limited purposes and the proportionality of means.

 Commercial sensitivity: Freight producers or consumers, handlers, or shippers may have
commercial concerns about their freight information being shared.

The report recommends developing harmonised digital data-sharing frameworks and expanding
monitoring capabilities to close these gaps.
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Building blocks of Intelligent Access
The report outlines key steps for designing and implementing an Intelligent Access system:

1. Define the problem:
 Identify the specific transport issue Intelligent Access should address (e.g. road or

bridge damage, emissions, or congestion).
 Establish measurable goals for the system.

2. Build the solution
 Select appropriate access management mechanisms.
 Determine the data required to make the system intelligent. Establish data collection

points, such as onboard vehicle telematics and potentially the European Electronic
Toll Service, road sensors, and compliance databases.

 Ensure interoperability with existing systems or services on private and public sites.
 Design a system that aligns with the goals of the NRA.

3. Check legal feasibility:
 Review existing national and EU laws to determine how to make Intelligent Access

implementation fully legally justified.
 Ensure compliance with data protection and privacy regulations.

4. Focus on critical success factors:
 Secure support (funding, governance, stakeholders), build robustness (resilience,

secure, privacy), and make the system user friendly (adaptable, scalable, efficient).
5. Address cross-border considerations:

 Coordinate Intelligent Access policies with neighbouring countries to enable seamless
international freight movement.

 Develop common standards for digital permits and vehicle tracking.

By following these steps, NRAs can ensure Intelligent Access systems are effective, legally compliant,
and scalable across different transport networks.

Legal basis for Intelligent Access implementation
A clear legal foundation is required to ensure Intelligent Access adoption aligns with existing
regulations and industry standards. So, the report reviews the legal framework supporting Intelligent
Access within EU transport laws and international agreements, including:

 Directive 96/53/EC Weights and Dimensions of Heavy Goods Vehicles – permits certain
vehicles to exceed standard dimensions and requires Member States to implement systems.

 EU eFTI regulation (2020/1056) – mandating digital freight documentation.
 ITS directive (2010/40/EU) and delegated act 2022/670/EU for Real Time Traffic Information

– supporting interoperable and reliable digital  information services for road users
 GDPR (2016/679) – ensuring data protection and privacy compliance.
 European Electronic Toll Service (EETS) – facilitating cross-border digital tolling.

Conclusion and next steps
Intelligent Access has significant potential to revolutionise road freight transport by improving
efficiency, safety, and sustainability. However, its full-scale implementation requires:

1. Legal foundation and policy alignment across Europe.
2. Pilot projects to demonstrate feasibility and business benefits.
3. Stakeholder collaboration to address data-sharing concerns.
4. Investment in digital infrastructure and data integration.

By addressing these challenges, Intelligent Access can become a key tool for modernising European
road freight transport while supporting economic, environmental, and regulatory goals.
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1. Introduction
The ISAC (Intelligent Access Surface Community) project is funded through CEDR, to run over a
two-year period from Spring 2024, under the CEDR Transnational Road Research Programme
(CEDR Call 2023) [21]. The principal output will be the identification of scenarios where Intelligent
Access could be applied to the management of cross-border road transport of goods.

The ISAC consortium brings together an experienced team of impartial leading subject matter experts
to investigate how Intelligent Access has the potential to help National Road Authorities (NRAs) to
optimise the use of infrastructure capacities and contribute to more environmentally sustainable road
transport of freight.

This section provides background to the project, the definition of Intelligent Access, and existing
implementations of Intelligent Access in the real-world.

1.1 Background
National Road Authorities (NRAs) face a range of pressing challenges, including budgetary
constraints and the need to optimise the efficiency of existing road infrastructure. Additionally, they
must address the growing climate and safety challenges associated with road transport. Intelligent
Access, when applied to road freight transport, presents an innovative solution that can help NRAs
tackle these issues effectively.

The ongoing digital transformation within both NRAs and the logistics sector offers significant
opportunities to enhance road monitoring and control access to road usage. Currently, NRAs primarily
rely on traditional tools such as visual counts via cameras, counting loops, weighing loops, and
surveys to monitor road usage. While valuable, these methods provide only limited insights into road
freight transport activities and offer minimal options for control.

At the same time, a wealth of actionable data is available within freight vehicles and transport
companies or more specific their service providers for planning and execution of trips and routing.
Intelligent Access leverages this data to create a smarter, more integrated approach to road usage
management. By employing Intelligent Access, the responsibility for aligning road usage with access
conditions set by NRAs and other authorities shifts to haulage companies.

The overarching objective of Intelligent Access is to ensure ‘the right vehicle with the right load on the
right road at the right time.’ By harnessing the potential of digitalisation on publica and private site and
specifically connected vehicle services, Intelligent Access offers a range of benefits, including:

 Optimised infrastructure usage: Facilitating traffic management based on time and location
to maximise road capacity.

 Reduced road degradation: Improving management of vehicle weight, speed, and routing to
minimise wear and tear on infrastructure.

 Improved authority knowledge: National or local highway authorities will know more about
what freight goods their roads are carrying.

 Support for climate goals: Reducing congestion, prioritising low-emission vehicles, and
enabling greener logistics through initiatives such as low-emission zone management.

 Enhanced road safety: Mitigating risks associated with heavy vehicles (including vehicle
overloading, speed differentials (such as mixing slow moving vehicles carrying abnormal
loads with fast moving traffic), and mixing with vulnerable road users such as pedestrians and
cyclists) and providing better insights into safety incidents across the road network.
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 Fair competition: Creating a level playing field for hauliers/carriers and ensuring better
compliance with regulations.

 Improved oversight of special transport: Facilitating better control over abnormal loads
and hazardous goods.

 Support for high-capacity vehicles: Allowing for the controlled introduction of these vehicles
onto the road network.

 Streamlined cross-border operations: Accelerating and standardising the processing of
transport documents through digitalisation.

By adopting Intelligent Access, NRAs can address their financial and environmental challenges while
enabling smarter, safer, and more sustainable logistics for road users.

1.2 Aim and objectives of sub-topic 1
The aim of sub-topic 1 was to develop the building blocks for Intelligent Access, exploring how road
freight infrastructure use can be better aligned with social and business goals through the application
of Intelligent Access. The result of this aim is the Intelligent Access building blocks described in
Section 6.

To achieve this aim, a set of objectives were created. These objectives are shown in Table 1
alongside the location in this report where the relevant information can be found.

Table 1. The objectives of sub-topic 1.

Objective Reference in this report

a. Map out the lessons learned from Australia,
USA and Europe, indicating best practices.

The literature review identified the lessons
learned (Section 4.2.9) and best practices
(Section 4.2.8).

b. Explore how IA can be used to take the tasks
of NRAs to the next level.

The use of Intelligent Access for tasks such as
asset management and improving road safety
identified in various sub-sections of the literature
review (Section 4).

c. Explore how enforcement of vehicles could be
taken to the next level.

The use of Intelligent Access for advanced
enforcement, such as data-driven approaches,
identified in various sub-sections of the literature
review (Section 4).

d. Elaborate application possibilities of IA based
on the interests of stakeholders other than NRAs.

Responses from stakeholders (Section 3) and
evidence found in the literature in response to
specific research questions (Section 4).

f. Investigate how IA be used to tackle the main
challenges in decarbonising road freight
transport.

The use of Intelligent Access to tackle such
challenges in the literature review (Section 4).
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g. Make a functional analysis of the required
information. Show per aspect what the gap is
between the actual and the desired situation.

Data gap analysis (Section 5).

1.3 Previous research by CEDR
The Conference of European Directors of Roads (CEDR) Working Group on Road Freight Transport
(WG RFT) has conducted significant research on Intelligent Access through Task Group 2 (TG2) [17],
[19], [20]. This work focused on collecting best practices and providing recommendations for
implementing Intelligent Access, culminating in the publication of a report (CEDR Technical Report
2022-01).

The research highlights that many NRAs view Intelligent Access as a valuable tool for enforcement,
offering opportunities for NRAs, transport companies, and society as a whole. While the concept
originated in Australia, where Intelligent Access is applied as a ‘technical, functional, and regulatory
national framework to manage heavy vehicle access through telematics’ [64], it cannot be directly
transferred to the European context due to differences in regulations and conditions. The framework
must be adapted to align with European standards and practices.

The key findings from this prior CEDR research include:

1. Monitoring and coordination: While Intelligent Access is often seen as an enforcement tool,
most European NRAs do not have enforcement powers and instead utilise Intelligent Access
primarily for monitoring and supporting compliance. Intelligent Access supports improved
traffic and logistics coordination and optimises infrastructure usage, benefiting carriers,
shippers, and society.

2. Case studies: Several implementations have been carried out by NRAs in various parts of
the world, and in various stages of development (from pilots to full implementation). For
example,

o Australia: The Australian Intelligent Access Program (IAP) demonstrates the
successful use of telematics to regulate heavy vehicle access based on compliance
with conditions like vehicle weight and route requirements [1].

o Italy: An example from Italy shows how digitalising the process for managing
abnormal transports (TEWeb, Anas S.p.A.) benefits all stakeholders by streamlining
operations [10].

Both cases illustrate the transformative potential of Intelligent Access in transitioning from
manual to digital processes and building trust between NRAs and transport companies. This
trust ensures compliance with access conditions such as vehicle dimensions, weights, and
prescribed routes.

3. Opportunities and challenges: Intelligent Access offers substantial benefits to NRAs and
other stakeholders, including better service quality, improved infrastructure usage, and
enhanced coordination. However, its implementation is complex and cannot be achieved
overnight. Additionally, Intelligent Access is not yet suitable for cross-border freight transport,
a significant limitation given the international nature of logistics.

4. Cross-border potential: Expanding Intelligent Access to cross-border freight transport could
significantly benefit both NRAs and the transportation industry, as freight movement does not
stop at national borders. Establishing governance frameworks and conditions for cross-border
Intelligent Access could also serve as foundational steps for national-level implementation.
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CEDR’s research underscores the potential of Intelligent Access to revolutionise road freight
management through digital transformation. However, its successful adoption requires careful
adaptation to European conditions and the establishment of governance frameworks, especially for
cross-border applications. These insights form the foundation for further research in the ISAC project
and the development of practical Intelligent Access solutions in Europe.

1.4 Definition of Intelligent Access
Following a review of the literature and discussion with stakeholders, the following definition of
Intelligent Access meets the consensus:

Intelligent Access refers to a system and regulatory framework that matches the
performance and characteristics of a road freight vehicle and load with the state and
capability of a specific section of the transport infrastructure or traffic situation. The primary
objectives are to enhance management of road assets and traffic, road safety, improve
compliance with regulations, optimise transport efficiency, and improve sustainability. Data
from vehicles (such as location, speed, and weight), load, and road/traffic are combined in
private services and partly shared for public purposes.

Intelligent Access is commonly described as an idealised outcome: The right vehicle with the right
load is on the right road at the right time. Although this phrase appears easy to comprehend, it
begins to fall short when actors are introduced. For instance, the ‘right’ vehicle, road, or time may
differ between a vehicle operator and a road operator. However, it is an epigrammatic way to express
the concept and therefore remains useful.

Amongst the literature about Intelligent Access, there is an implicit assumption that the goal is to
achieve a win-win situation between vehicle operators and road operators. Otherwise, the
implementation is more likely a typical traffic or asset management approach.

The following are definitions of Intelligent Access from specific literature references:

- ‘Intelligent Access is a technology that utilise positioning and tracking systems together with
wireless communication technologies to monitor and control where, when, and how heavy
vehicles operate (Australia 2012). A hypothesis is that Intelligent Access technologies can
support both to ensure compliance and integration of high-capacity vehicles in the earth
material transportation and construction domain.’ [51]

- ‘Intelligent Access has been identified as a necessary component to get acceptance from the
road owner and the operators of heavier trucks.’

- ‘Intelligent access therefore offers a new set of instruments and interplay public and private
parties with a role and interest in admission, supervision and application of special road
transport.’ [81]

The key components of Intelligent Access systems as described by the literature include:

1. Telematics devices: Onboard devices installed in vehicles that collect and transmit data
related to vehicle movements, driver behaviour, and compliance with regulations.

2. Data analytics: Advanced analytics tools that process and analyse the collected data to
provide actionable insights and support decision-making.

3. Monitoring: Monitoring of vehicle movements and road conditions to ensure compliance with
access conditions and detect any violations.
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4. Automated compliance: Automated systems that issue permits, penalties, or alerts
regarding compliance, reducing the need for manual inspections and enforcement.

5. Integration with existing systems: Seamless integration with existing road tolling, traffic
management, and regulatory systems to enhance overall efficiency and effectiveness.

6. Stakeholder collaboration: Collaboration between government agencies, transport
operators, technology providers, and other stakeholders to ensure the successful
implementation and management of Intelligent Access systems.

1.5 Types of Intelligent Access
Intelligent Access starts with an NRA goal and is implemented through a combination of mechanisms
to manage freight vehicle access to the road network.

Access refers to the means, conditions or opportunity to enter or use certain roads . Intelligence
means the system can perceive and respond in a digital form to the world around it, or it can learn,
think, and adapt. This means Intelligent Access can vary the means or opportunity to enter or use the
highway based on some factors that are being monitored.

The design of any Intelligent Access implementation relates directly to an NRA goal. For instance, this
could be reducing road surface defects, improving road safety, or reducing journey times. If managing
freight access to the highway is way to contribute to such a goal, then an Intelligent Access
implementation could be designed.

Within the literature, this is most commonly discussed as some form of permitting or zoning.
However, it could also be achieved through processing efficiencies, manipulating preferred
routing, or positive reinforcement. The former would likely require some mechanisms to measure
compliance and deliver enforcement (the stick or penalties approach), whereas the latter would likely
require demonstrable benefits to the user (the carrot or rewards approach). It is more common for the
literature to discuss Intelligent Access in terms of the stick approach.
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2. Existing Intelligent Access implementations
2.1 TCA IAP in Australia
The Intelligent Access Program (IAP) in Australia is a pioneering initiative designed to enhance the
management of heavy vehicle access to the road network using advanced telematics and digital
technologies [64]. It ensures that vehicles operate in compliance with specific conditions, such as
designated routes, times, and weight limits, thereby balancing the needs of the transport industry,
government, and the community.

Purpose and creation

The IAP was developed in response to the growing demands of Australia's road freight transport,
which is expected to double over time. Traditional methods of road enforcement were insufficient to
address challenges such as increasing freight demand, infrastructure constraints, and the risks posed
by larger and heavier vehicles. The program was conceived in the mid-1990s and became operational
in 2008, with its administration overseen by Transport Certification Australia (TCA). It is underpinned
by national legislation and performance-based standards, ensuring a structured framework for its
operation [1], [40].

IAP forms part of Framework for Cooperative Telematics Applications for Regulated commercial
freight Vehicles (TARV), the core elements of which were recognised and adopted into ISO 15638 in
2012.

How it works

The IAP uses in-vehicle telematics, including position data from Global Navigation Satellite System
(GNSS) devices, alarm status (for example indicating downtime or tampering) and vehicle- and load-
specific data (for example, the weight and type of load being carried), to monitor heavy vehicles 24/7.
These are handled centrally by an IAP Service Provider (IAP-SP), which may be a commercial body
which has obtained certification from TCA for such work. To obtain this certification it must
demonstrate both the integrity and confidentiality of the data which it handles.

This monitoring ensures compliance with access conditions set by road authorities. Certified service
providers collect and report data, focusing on exception-based reporting to address non-compliance
while maintaining privacy safeguards. This system allows for tailored access arrangements, enabling
vehicles to operate more flexibly and efficiently while ensuring safety and infrastructure protection.

Benefits realised

The IAP has delivered significant benefits across various domains:

1. Productivity gains: By enabling vehicles to carry heavier loads and access restricted routes,
the program has improved freight efficiency. For example, vehicles operating under Higher
Mass Limits (HML) can legally carry additional weight, leading to substantial economic
benefits [40].

2. Safety improvements: Enhanced monitoring has contributed to safer road operations by
ensuring compliance with speed, weight, and route conditions [1].

3. Environmental benefits: More efficient vehicle operations have reduced emissions and
collision costs [98].

4. Infrastructure protection: The program helps mitigate wear and tear on road assets by
ensuring vehicles adhere to designated routes and weight limits [40].
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Economic impact

The IAP has been integral to Australia's broader transport reforms, contributing an estimated AU$1.2
billion in productivity value over 20 years. It has also supported other initiatives like Performance-
Based Standards (PBS) and expanded network access for restricted vehicles, further amplifying its
economic and operational impact [98].

In summary, the IAP represents a transformative approach to managing heavy vehicle access,
leveraging technology to achieve a safer, more efficient, and sustainable road transport system in
Australia.

2.2 eFTI regulations
The EU’s 2020/1056 Electronic Freight Transport Information (eFTI) regulations stipulate that from 21
August 2024 EU member states must handle digital transport documents at the level of competent
authorities. A variety of programmes have been implemented to meet this and other legislative
specifications.

2.2.1 Estonia: VELUB
The VELUB system, developed by the Estonian Road Administration (ERA), is a pioneering digital
platform designed for monitoring and managing heavy vehicle transport, particularly for vehicles
carrying abnormal loads like 52-ton timber trucks. It represents a significant step towards more
efficient, greener, and safer road freight transport in Estonia [55].

The system will help Estonia comply with the EU’s eFTI regulations through the use of electronic
consignment notes (eFTI/eCMR). Following the switch to eFTI mandated by the European Union on
21 August 2024, legislation has been put in place to allow eFTI to be fully rolled out throughout the
country [36].

Key features and functions of the VELUB system include:

1. Digital permitting and monitoring: The VELUB system allows operators to apply for special
vehicle permits for up to one year. This includes permits for 52-ton vehicles, which must meet
specific requirements such as having a minimum of six axles and GPS tracking. The system
uses GNSS (Global Navigation Satellite System) to monitor vehicle movements in real-time,
ensuring compliance with designated routes and load limits.

2. Temperature-based access: Initially, the system was designed for wintertime transport when
roads were frozen to a depth of at least 0.5 meters. Digital temperature sensors installed
across Estonia determine road conditions, enabling safe heavy vehicle operations during
specific periods.

3. Smart road corridors: The VELUB system integrates with Estonia's Smart Road digital map,
marking strong corridors (purple lines) suitable for heavy vehicles. These corridors exclude
weaker infrastructure, such as certain bridges, to protect road assets.

4. E-cargo paper and data integration: Drivers use a mobile app to initiate e-cargo papers,
which include details about the load and route. GNSS data is transmitted every five minutes,
allowing authorities to monitor compliance and improve traffic management. Future
developments aim to integrate data from onboard weighing systems (OBW) to automate the
initiation of e-cargo papers and enhance monitoring accuracy. The weights are now self-
declared and not validated.

5. Economic and environmental benefits: The system has led to an estimated 25% increase
in transport efficiency and a 20% reduction in greenhouse gas emissions. By requiring more
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axles and double tyres, it reduces pavement stress by over 50%, contributing to infrastructure
longevity.

6. Continuous development: The VELUB system is part of a broader theoretical model called
the Multidimensional Vehicle Movement Controlling System (MVMC). It is constantly being
tested and improved, with aspirations to expand its application across Europe.

The VELUB system involves various stakeholders, including transport operators, road authorities, and
law enforcement. It also supports Estonia's e-residency program, allowing international users to
engage with the system for logistics operations or testing.

The system is evolving towards VELUB 2.0, which will feature enhanced GNSS log file controls and
automated alerts for non-compliance. It serves as a model for integrating digital solutions in transport
management, with potential applications in other countries.

In summary, the VELUB system exemplifies how digital innovation can transform road freight
transport, balancing efficiency, environmental sustainability, and infrastructure protection.

2.3 Italy: TEWeb
In Italy, TEWeb is an online platform developed by Anas S.p.A., the national road authority, to manage
exceptional transport—vehicles and loads that exceed standard legal limits for size and weight. The
platform streamlines the application and authorization process for such transports, ensuring safety
and infrastructure protection [10].

The key features of TEWeb are:

 Digital application process: Transport operators can submit applications for exceptional
transport permits through TEWeb, reducing paperwork and processing times.

 Fee information: The platform provides updated tables of charges and processing fees
associated with exceptional transport permits.

 Authorisation verification: Users can verify the authenticity of exceptional transport
authorisations via the platform, enhancing compliance and enforcement.

 Mobile application: TEWeb offers a mobile app for authorised exceptional transports,
facilitating on-the-go access to permits and related information.

By digitising the management of exceptional transports, TEWeb enhances efficiency, transparency,
and safety in Italy's road transport sector.

2.4 Intelligent Access pilots
Several countries have carried out pilots of Intelligent Access. These are summarised in the following
sub-sections.

2.4.1 Netherlands: Intelligent Access Pilot for Special Road Transport
The Intelligent Access Pilot for Special Road Transport in the Netherlands [79], conducted from
September 2021 to June 2023, was a pioneering initiative by the Ministry of Infrastructure and Water
Management. The pilot aimed to explore the feasibility and scalability of Intelligent Access for special
road transport, particularly focusing on the European Modular System 1 (EMS1) vehicles, which are
long and heavy vehicles used in cross-border transport in Europe.
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The reports highlight a peculiar discrepancy in the Netherlands: information about ships on inland
waterways (origin, destination, cargo, owner) are instantly available to public authorities. However,
there is as yet no such complete system for road freight.

Purpose of the pilot

The primary objective of the pilot was to evaluate how Intelligent Access could enhance the
management of special road transport, which includes vehicles with deviating weights and dimensions
or those carrying dangerous goods. The pilot sought to assess the technical and organisational
feasibility of such a system and its potential to improve road safety, infrastructure management, and
enforcement efficiency.

How the pilot worked

The pilot involved two consortia (Collect+Go, a specialist eCMR providers, and V-Tron, transportation
connectivity specialists), each comprising logistics companies, service providers, and research
institutions. These consortia developed and tested a real-time monitoring system that logged
compliance with infrastructure access conditions. The system utilised data from Fleet Management
Systems (FMS) and Transport Management Systems (TMS) to provide insights into vehicle
movements and compliance with road regulations.

Key performance indicators (KPIs) guided data collection, and a dashboard was created to visualise
the data for public authorities.

GDPR considerations limited the available data to a shortlist of 5 types: commodity types, route,
weights, safety events and traffic and emissions performance. More immediate data were available for
two types of cases of urgent notifications, in which safety is a factor. The first involves two types of
data: driving for more than 5 minutes on a route unspecified for the type of vehicle, and exceeding
vehicle weight limit by over 25%. The second involves data which are made available after an incident
– for example a collision.

The pilot also included a Data Protection Impact Analysis (DPIA) to ensure compliance with privacy
regulations. Approval was given for the pilot. Upscaling requires a new DPIA and clear legal ground.

Findings of the pilot

The pilot demonstrated that a real-time monitoring system could provide valuable insights for both
logistics companies and road authorities. It highlighted the potential for such systems to improve
transparency and efficiency in road transport management. However, challenges were identified,
including data reliability, the need for digitalisation of road maps, and the standardisation of product
codes and terminal abbreviations.

Issues encountered in the implementation included complications in the assessment of total vehicle
weight, the conversion of raw data into KPIs, agreement between different government departments
of which KPIs should be measured and on what timescale, and privacy or GDPR considerations
which precluded, for example information on driver qualifications, from being processed within the
system.

In addition, the question of whether enhancing the efficiency of road freight would lead to an
undesirable shift from waterways or rail to road also had to be addressed. The pilot ran for too short a
time for any such effect to be observed directly, and ambiguities in the classification of bulk goods
made comparisons with past studies inconclusive.

The study recommended the involvement of an independent intermediary to manage data, ensuring
quality and addressing privacy concerns. The pilot also emphasised the importance of collaboration
between public and private stakeholders to achieve the desired outcomes.
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Benefits demonstrated

The Intelligent Access system showed several benefits:

 Enhanced road safety: By monitoring compliance in real-time, the system could prevent
overloading and reduce the risk of accidents.

 Improved infrastructure management: The system provided additional and missing data for
informed decisions on road maintenance and infrastructure investments.

 Increased efficiency: The pilot indicated a potential reduction in enforcement costs and
improved traffic flow due to better compliance with road regulations.

 Sustainability: By optimising vehicle loads and routes, the system could contribute to
reduced emissions and more sustainable transport practices.

Overall, the pilot confirmed the feasibility of implementing an Intelligent Access system for special
road transport, provided that data quality issues are addressed, and an appropriate legal framework is
established [59] [74] [81].

2.4.2 Sweden: abnormal loads and frozen roads
Sweden has undertaken several initiatives to implement Intelligent Access (IA) systems for managing
abnormal loads and High-Capacity Transport (HCT) vehicles. Here's an overview of key projects:

 Intelligent Access Program (IAP) Pilot

In 2014, the Swedish Transport Administration (Trafikverket) launched a pilot of the Australian
Intelligent Access Program (IAP) in collaboration with Transport Certification Australia (TCA). This
initiative aimed to manage heavy vehicle access using certified GNSS-enabled telematics services.
The pilot involved stakeholders such as the Swedish Transport Agency, Lund University, CLOSER,
Skogforsk, Scania, and Volvo. The goal was to enhance productivity, safety, and environmental
outcomes by ensuring that the right truck is on the right road at the right time

 ITK System Demonstration for 74-Ton Vehicles

Between 2016 and 2018, Trafikverket coordinated a project to develop and test Intelligent Access
Control (ITK) systems for 64–74-ton vehicles on designated BK4 roads. Some 12 percent of timber
transports in Norrland, Sweden, use frozen roads. These can take heavier loads than when not
frozen, but bridges on the network may still have a weight limit. A team from the RISE Research
Institutes of Sweden conducted a pilot using both active and passive measures to reduce the speed
of 74 tonne timber trucks while crossing bridges – and hence the stress on the structures – using
geofencing. Both passive (emitting a warning signal to the driver if the speed was too high) and active
(slowing the speed, but by a process which could if necessary be over-ridden) proved acceptable to
drivers [48]. The project demonstrated three prototype systems developed by Volvo, Scania, and
Vehco. These systems aimed to verify compliance with access conditions, prevent overloading, and
reduce road wear. The project concluded that ITK systems are technically feasible and can lead to
better infrastructure utilization and lower environmental impact.

 High-Capacity City Transport (HCT-City) Pilot

Pilots in Varberg and Stockholm explored the application of the HCT concept in urban settings. A
series of pilot trials in Varberg and Stockholm tested optimised trucks equipped with sensors and
implemented digital access control, including geofencing for speed and route management. The aim
was to improve construction and transport efficiency, potentially reducing CO₂ emissions by up to 40%
[51] [2]. Preliminary results have identified issues with weight distribution as measured by weight-in-
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motion (WIM) sensors on bridges and other locations, which, if resolved, could improve weight
compliance, and hence road wear and safety.

2.4.3 Norway: 74-ton timber transport
Following a decision by the Ministry of transport and communications to consider increasing the
weight limit for timber transport from 60 to 74 tonnes, a trial for 74 tonne timber transport was carried
out [5].

Between February and May 2022, 2,000 data points from nine trucks and trailers from 5 different
timber transporters were captured and analysed. Errors in the data were detected by noticing that the
separate axle weights did not add up to the trucks’ total logged weights. Initial findings have included
that many of these errors were due to failure of one of the axle weights to register (or registered as
zero weight). Errors were found to be independent of the model or age of the truck, and to be more
likely to occur in situations of low speed (below 20 km/h). Work is ongoing to resolve these issues.

2.5 Related projects (not Intelligent Access)
There continues to be many research and pilot projects investigating challenges like those being
addressed by Intelligent Access. Below are three projects provided as examples.

2.5.1 Austria: Connecting Austria project
The Connecting Austria project, active from 2018 to 2021, was an Austrian initiative aimed at
advancing energy-efficient and semi-automated truck platooning within the country's unique transit
landscape. The project focused on leveraging cooperative intelligent transport systems (C-ITS) to
enhance the logistics sector, particularly through the implementation of truck platooning strategies
[24]. This is not considered an Intelligent Access project as there is no relation to asset management,
monitoring, or control of factors such as weights or routes.

The key objectives were:

 Energy efficiency: The project aimed to validate energy savings of approximately 15%
through the use of truck platooning, thereby enhancing the competitiveness of Austria's
logistics and telematics industries [25].

 Adaptation to Austrian conditions: Recognising Austria's challenging topography and its
role as a transit country, the project focused on topics specific to these conditions, bundling
national innovation excellence to address them effectively.

 Evidence-based evaluation: A key objective was to provide an evidence-based evaluation of
energy-efficient truck platoons as a prerequisite for the competitive strength of Austria's
logistics and telematics industries.

The main project activities were:

 Testing in mixed traffic: Starting in 2019, the project conducted tests in mixed traffic
conditions on public roads, addressing the challenges associated with semi-automated truck
platooning in real-world environments [23].

 Use case demonstrations: The project demonstrated and evaluated four use cases for
semi-automated and energy-efficient truck platoons, bringing together technology leaders and
end-users to showcase practical applications [91].
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Overall, the Connecting Austria project provided valuable insights into the practical implementation of
truck platooning, highlighting its potential benefits in energy efficiency, environmental impact,
technological feasibility, economic competitiveness, and safety within Austria's specific transit context.

2.5.2 Spain: EMS2
The European Modular System (EMS) is a framework that allows the combination of standard freight
modules into longer and sometimes heavier vehicle configurations, enhancing the efficiency of road
freight transport [39]. In Spain, the EMS2 project focuses on testing and implementing these high-
capacity vehicles (HCVs) under real operating conditions. This is not an Intelligent Access related
initiative, but the standardisation of freight modules is relevant.

The primary goal of the EMS2 project in Spain is to evaluate the performance of HCVs, specifically
those configured under the EMS framework, in actual transport scenarios. This involves assessing
their impact on fuel consumption, emissions, and overall transport efficiency.

The EMS works by allowing for the combination of existing loading units into vehicle combinations up
to 25.25 meters in length and weighing up to 60 tonnes. In Spain, these configurations are currently
being tested by companies such as Grupo Sesé. The testing involves real-world routes and various
load configurations to gather data on performance metrics.

Preliminary findings from these tests indicate several potential benefits:

 Reduced fuel consumption: The use of EMS-configured vehicles has shown a decrease in
fuel consumption per unit of cargo transported.

 Lower emissions: Correspondingly, there is a reduction in CO₂ emissions, contributing to
environmental sustainability.

 Improved efficiency: By transporting larger volumes of goods per trip, logistics operations
become more efficient, potentially leading to cost savings.

These outcomes suggest that the EMS2 project could play a significant role in advancing sustainable
and efficient freight transport in Spain.

2.5.3 Germany: developing and testing a system architecture
The German Research Center for Artificial Intelligence (DFKI) has developed the Freight Service
Intelligence Platform (FSIP), a web-based application designed to enhance data-driven services in
freight transport operations. This initiative leverages Internet of Things (IoT) technologies, particularly
mobile telematics, to facilitate information sharing among various stakeholders in global transport
chains [28]. As this application only considers the private side of the transport ecosystem it is not an
Intelligent Access system.

The FSIP aims to transform freight transport by providing a shared platform that supports intelligent
services across three primary dimensions:

1. Transport management: Optimising the planning, execution, and monitoring of freight
movements.

2. Fleet management: Enhancing the utilisation and maintenance of transport assets.

3. Risk management: Identifying and mitigating potential risks associated with freight
operations.

The development of the FSIP followed a design science research approach, which included a
literature review and stakeholder interviews. A web-based prototype was developed incorporating
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features such as performance analytics, anomaly detection, risk assessment with predictive
capabilities, data exchange, communication tools, and integration with information systems.

The prototype was evaluated with six transport stakeholders and logistics software vendors to assess
its effectiveness and gather feedback for further refinement.

The FSIP was found to offer several potential benefits:

 Enhanced decision-making: By providing real-time data and analytics, stakeholders can
make more informed decisions.

 Improved efficiency: Streamlining operations through better management of transport and
fleet activities.

 Risk mitigation: Proactively identifying and addressing risks to minimize disruptions.

 Collaborative platform: Facilitating seamless information sharing among various actors in
the transport chain.

This initiative underscores the potential of IoT and data-driven services to revolutionise freight
transport operations, promoting efficiency, safety, and collaboration among stakeholders. These
findings support Intelligent Access development and implementation.

2.6 Urban Access projects
Many urban areas across the EU have implemented new enforcement mechanisms to tackle their
urban highway issues, to improve air quality, reduce congestion, and protect the urban environment.
These include low emission zones, congestion charge zones, and pedestrian zones. Examples of
such projects are provided below.

2.6.1 UVARExchange
The UVARExchange project is a European initiative designed to enhance the implementation and
enforcement of Urban Vehicle Access Regulations (UVARs) across the European Union.

The key objectives of UVARExchange were [106]:

1. Harmonising information for drivers: The project focuses on standardising physical road
signs and Variable Message Signs to ensure consistent communication of UVARs to drivers
throughout the EU. Additionally, it explores the use of Cooperative Intelligent Transport
Systems to deliver real-time UVAR information directly to vehicles, enhancing driver
awareness and compliance.

2. Facilitating cross-border enforcement: UVARExchange addresses the challenges of
enforcing UVARs on foreign vehicles by promoting the cross-border sharing of vehicle and
driver information. This approach aims to reduce the need for pre-registration in different
cities and streamline compliance checks, making enforcement more efficient and equitable.

3. Developing guidance and demonstrations: The project has produced guidance documents
on best practices for UVAR signage and information dissemination. It has also conducted
demonstrations in various cities to showcase the practical application of its recommendations,
working closely with local authorities and stakeholders.

Launched in September 2021, UVARExchange is a continuation of the earlier UVARBox project and is
funded by the European Parliament under Preparatory Action 2. The project is coordinated by Panteia
and involves partners such as Armis, AustriaTech, CORTE, MAPtm, TRT, Sadler Consultants, and
AlbrechtConsult [105]. The project highlights lessons learned relevant for Intelligent Access – namely
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the harmonisation or standardisation of information, the importance of cross-border considerations,
and supporting adoption through demonstration and guidance.

2.6.2 CLOSER
The CLOSER initiative, based at Lindholmen Science Park in Sweden, is a collaborative platform
focused on enhancing transport efficiency and sustainable urban logistics. It spearheads several
projects aimed at improving urban access through digital solutions and innovative traffic management
[107]. It has helped to coordinate projects concerning urban access:

HasT – Speed-Controlled Traffic Zones: The HasT project is a large-scale demonstration of
geofencing technology in urban environments. In spring 2024, over 100 vehicles in central Enköping
participated in a trial where digital geofencing enforced speed limits within a 2 km zone, enhancing
safety for pedestrians and cyclists. The project involved collaboration between the municipality, freight
carriers, and public transport providers, aiming to showcase how digital tools can improve traffic
safety and compliance.

Smart Urban Traffic Zones: This initiative explores the use of digital solutions like geofencing,
sensors, and digital signage to create flexible and efficient urban spaces. Pilots in Gothenburg and
Stockholm tested concepts such as dynamic loading zones and shared urban areas, aiming to reduce
emissions, improve traffic flow, and enhance safety. The project brought together 25 organisations
from various sectors to collaboratively develop and evaluate these smart urban solutions.
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3. Stakeholder engagement and findings
The ISAC consortium identified over one hundred and fifty potential stakeholders including
government regulators, academics, logistics managers, navigation software developers, and fleet
managers. All stakeholders were contacted and invited to take part in an online workshop in June
2024. Of these 26 attended the workshop. Attendees were from countries including Austria, Belgium,
Finland, France, Germany, Ireland, Netherlands and Norway, Sweden, Switzerland, and the United
Kingdom.

Stakeholders discussed and agreed upon the specific applications of Intelligent Access. These were:

- Emissions control

- Dangerous goods/ hazardous materials

- Control on weights and lengths

- Lorry parking management

- Abnormal roads

- Ability of hauliers to demonstrate compliance

- Protection of vulnerable areas such as bridges

- Convoy management

- Wintery conditions

- Curfews

- Easier border control

- Road user charging

- Deriving real-time data.

The necessary components were identified as data from vehicles, information about infrastructure, a
digital roads network with a standardised process for sharing data, and political and governance
framework including funding.

Stakeholders were asked to envisage the benefits to their organisations of Intelligent Access.
Identified benefits were:

─ Better use and utilisation of infrastructure

─ Potential for improved road safety and security

─ Support for compliance with regulations

─ Reduction of stress on infrastructure and people

─ Increased fairness through enforcement, leading to fairer competition

─ Positive environmental impacts

─ Improved air quality

─ Making planning of transport more predictable

─ Quicker access to new data
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They were then asked for reasons why they believed Intelligent Access, in spite of offering all these
advantages, has not been more widely adopted. Their responses included:

─ Privacy concerns

─ Access to data and data compatibility

─ Legal and political issues, such as GDPR compliance

─ Lack of understanding of the topic and no clear definition

─ The need to harmonise standards and processes across Europe

─ Economic barriers (cost)

─ Lack of a clear business case

─ Lack of data sharing

─ Lack of standards

Implementation of Intelligent Access was then discussed. For this, it was found that good business
cases need to be made, drawing on examples of best practice and with systems compliant with
METR (Management of Electronic Traffic Regulations) [75]. Pilot projects involving smaller businesses
may be a good starting-point, with the need to demonstrate that the system was secure. The support
of OEMs, hauliers and ideally the general public should be cultivated. Ultimately, co-operation should
be sought on a cross-border and regional basis.

The systems were most likely to be implemented in countries with either already well-developed
transport networks, rapid growth (such as Eastern Europe), or a particular issue for logistics, such as
the necessity for quarantine.

Countries and regions which are predominantly rural, or lack government support for Intelligent
Access, were deemed to be the least likely to implement the measures.

Discussion then moved on to the skills needed, and likely obstacles. Skills ranged from expertise in
road and bridge maintenance, through to legal, contractual, and technological knowledge, as well as
knowledge of the supply chain and stakeholder ‘ecosystem’. The need for a ‘can-do’, delivery-focused
mindset was also mentioned.

Likely obstacles included hesitancy due to the need for GDPR compliance, unwillingness to share
data, and reluctance of some players to comply with new rules. Cost considerations are also an
obvious factor.
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4. Literature review
The review set out to answer the following research questions:

How can Intelligent Access:

1. be used to manage assets more effectively – including optimal use, and assistance with
maintenance?

2. be used to manage traffic better – including self-management?

3. be used to make traffic safer?

4. be used to make optimal use of the limited road network capacity?

5. support the efficient use of electric vehicles, through effective use of working time limits?

6. be used to tackle the main challenges in decarbonising road freight – including inter- and
multi-modality?

7. support compliance with regulations?

8. be managed cross-border and on parts of the network not managed by NRAs – including
connection to urban areas?

What is/are the:

9. potential legal challenges?

10. potential effects on infrastructure?

11. data-driven compliance/enforcement processes that minimise human resource requirements?
Can existing systems (e.g. HGV tolling) be used as a basis?

12. data management requirements?

13. interests of non-NRA stakeholders related to Intelligent Access?

14. challenges related to the cooperation between public and private organisations?

15. best practice from existing Intelligent Access implementations in Australia, USA, and Europe,
which have the potential to be scaled up?

16. lessons learned from Intelligent Access implementation and investigation in Australia, USA,
and Europe?

17. known challenges/barriers for Intelligent Access implementation based on existing studies
and pilots in Australia, USA, and Europe?

18. legal basis for the introduction of Intelligent Access?

The following sections examine the literature to answer these questions with relevant supporting
evidence. A full list of references used during this literature review can be found in Appendix A.

4.1 Meta-analysis of literature relevant to Intelligent Access
A broad automated search of literature sources was performed to understand the main pillars of
Intelligent Access for road transport. Initially, three major sources were reviewed, and the following
number of relevant papers were found:

- Scopus (8)

- Web of Science (3)
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- Scholar (1,480)

Text mining of a sample (610) of these papers was performed. This involved term extraction, term co-
occurrence, the creation of a two-dimensional map, clustering, and finally visualisation. The end result 
was the cluster visualisation as shown in Figure 1.

Figure 1. Visualisation of terms used in literature about Intelligent Access.

The preliminary conclusion from this exercise is that dual clustering shows a strong integration of 
safety measures with advanced technological solutions. In particular, there is a safety cluster, linked 
to intelligent vehicle, ITS, communication, and road users, and there is an ITS cluster linked to 
safety, AI, intelligent vehicle, communication, and internet.

This could imply that safety measures, enabled by intelligent transport systems, can be ensured by 
real-time monitoring systems verifying that vehicles and road users access specific roads, as 
determined by legislation issued by NRAs. Hence, it can be deduced that the literature for Intelligent 
Access has a strong road safety compliance aspect enabled by real-time monitoring systems.

Subsequently, this report is based on a selection of approximately 100 separate documents or articles 
relevant to Intelligent Access. A list of these references is available in Appendix A. Figure 2 shows that 
articles relevant to Intelligent Access are relatively young, with the majority published with the 
previous decade.
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Figure 2. The number of relevant articles used in this sub-topic report by year of publication.

4.2 Answers to the research questions
The following sub-sections summarise the evidence found in relation to the research questions
outlined at the beginning of Section 4.

For questions 1 to 7, the literature reveals some common answers and themes. To aid the reader, a
summary is provided in Table 2, and detailed answers to these questions are available in in Appendix
A.
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Table 2. Themes generated from answers to questions 1 to 7.

Theme →

How can Intelligent Access:

R
eal-tim

e m
onitoring

O
ptim

ised or
dynam

ic routing

Traffic signal
optim

isation

D
ata-driven decision

m
aking

Enhanced
com

pliance and
enforcem

ent

R
esource allocation

Sustainability goals

Priority access

Incident
m

anagem
ent

Public inform
ation

and alerts

Enhanced vehicle
tracking

G
eofencing and

restricted zones

D
river assistance

system
s

Enhanced freight
logistics

Infrastructure
integration

1. be used to manage assets more effectively –
including optimal use and maintenance?

     

2. be used to manage traffic better – including self-
management?

       

3. be used to make traffic safer?          

4. be used to make optimal use of the limited road
network capacity?

       

5. support the efficient use of electric vehicles,
through effective use of working time limits?

      

6. be used to tackle the main challenges in
decarbonising road freight?

        

7. support compliance with regulations?       
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4.2.1 How can Intelligent Access be managed cross-border and on parts of
the network not managed by NRAs (including connection to urban
areas)?

The literature infers several points about how Intelligent Access can be managed cross-border and on
parts of the network not managed by national road authorities, ensuring consistent monitoring,
compliance, and coordination through interoperable systems, data sharing, and collaboration:

1. Interoperable systems and standards: To manage Intelligent Access across borders and on
networks not managed by national road authorities, it is essential to develop interoperable
systems and standards. This ensures that data and information can be seamlessly shared
and understood by different jurisdictions and authorities.

2. Legal base for cross-border data sharing: Establishing the legal base for data-sharing
between countries and regions is needed to facilitate the exchange of information related to
vehicle movements, compliance, and road conditions. This helps to ensure that vehicles
remain compliant with regulations as they move across borders.

3. Integration with private road operators: Intelligent Access systems can be integrated with
the systems used by private road operators and other non-national road authorities. This
ensures that vehicles are monitored and managed consistently across the entire network,
regardless of ownership.

4. Harmonised regulatory frameworks: Developing harmonised regulatory frameworks for
Intelligent Access can help to ensure that vehicles are subject to consistent rules and
standards across different jurisdictions. This reduces complexity for operators and enhances
compliance.

5. Cross-border monitoring: Intelligent Access systems can provide monitoring of vehicles as
they move across borders. This includes tracking their location, speed, and compliance with
regulations, ensuring that any violations are promptly detected and addressed.

6. Centralised data repositories: Creating centralised data repositories that store information
on vehicle movements, compliance, and road conditions can support cross-border
management. These repositories can be accessed by different authorities to ensure
consistent monitoring and enforcement.

7. Collaboration with international organisations: Collaborating with international
organisations, such as the European Union or the United Nations, can help to develop and
implement cross-border Intelligent Access initiatives. These organisations can provide
guidance, funding, and support for harmonised systems and standards.

8. Use of blockchain technology: Blockchain technology could be used to create secure and
transparent records of vehicle movements and compliance across borders. This ensures that
data is tamper-proof and can be trusted by all parties involved.

9. Cross-border incident management: Intelligent Access systems can support cross-border
incident management by providing information to authorities in different jurisdictions. This
ensures a coordinated response to incidents and enhances overall road safety.

10. Stakeholder engagement and training: Engaging with stakeholders, including road
operators, transport companies, and regulatory authorities, is essential for the successful
implementation of cross-border Intelligent Access. Providing training and resources can help
to ensure that all parties are aware of and adhere to the relevant standards and procedures.

Agencies involved in Intelligent Access must recognise the varying rules and regulations across
borders [80]. Knowing the impact of different Identity Providers (IDPs) on business operations is
crucial.
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Cross-border partnerships and agreements must be established, with standardised protocols and
data formats for seamless integration [68] [75].

Identity and authorisation need to be decoupled. For instance, separate identity and authorisation
functions from applications. This enables support for multiple IDPs and policies across regions.

4.2.2 What are the potential legal challenges?
The literature covers the potential legal challenges related to the introduction of Intelligent Access at
an abstract level:

1. Data privacy and security: The collection, storage, and sharing of data related to vehicle
movements and driver behaviour raise significant privacy and security concerns. Ensuring
compliance with data protection regulations, such as the General Data Protection Regulation
(GDPR) in Europe, is critical. Legal challenges may arise if data is mishandled or if there are
breaches in data security.

2. Liability and accountability: Determining liability in the event of an accident or incident
involving Intelligent Access systems can be complex. Questions may arise regarding who is
responsible for ensuring compliance with regulations and maintaining the integrity of the
system—whether it is the vehicle operator, the technology provider, or the road authority.

3. Interoperability and standardisation: The lack of standardised protocols and interoperability
between different Intelligent Access systems can create legal challenges. Ensuring that
systems from different providers and jurisdictions can work together seamlessly is essential to
avoid legal disputes and ensure consistent enforcement of regulations.

4. Regulatory compliance: Ensuring that Intelligent Access systems comply with existing and
evolving regulations can be challenging. Legal issues may arise if systems are not updated to
reflect changes in laws or if there are discrepancies between national and regional
regulations.

5. Consent and transparency: Obtaining informed consent from drivers and operators for the
use of Intelligent Access systems is crucial. Legal challenges may arise if individuals are not
adequately informed about how their data will be used or if they feel that their privacy rights
are being violated.

6. Cross-border legal issues: Managing Intelligent Access across borders introduces
additional legal complexities. Differences in regulations, enforcement practices, and data
protection laws between countries can create challenges in ensuring consistent compliance
and addressing legal disputes.

7. Intellectual property and licensing: The development and deployment of Intelligent Access
systems involve various technologies and software, which may be subject to intellectual
property rights. Legal challenges related to licensing, patents, and proprietary technologies
can arise, potentially hindering the implementation of these systems.

8. Public acceptance and legal challenges: Public acceptance of Intelligent Access systems is
essential for their successful implementation. Legal challenges may arise if there is resistance
from stakeholders, such as transport companies or drivers, who may challenge the legality or
fairness of the systems in court.

9. Contractual agreements: The introduction of Intelligent Access systems often involves
contractual agreements between various parties, including technology providers, road
authorities, and transport operators. Legal disputes may arise if there are disagreements over
the terms and conditions of these contracts.

10. Ethical and legal considerations: The use of Intelligent Access systems raises ethical and
legal considerations related to surveillance, autonomy, and the potential for discrimination.
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Ensuring that these systems are designed and implemented in a manner that respects ethical
principles and legal standards is crucial to avoid legal challenges.

These inferred points highlight the potential legal challenges related to the introduction of Intelligent
Access, emphasising the need for careful consideration of data privacy, liability, regulatory
compliance, and cross-border legal issues.

Notably, the handling of personal data is a specific challenge. Personal data (vehicle owners and their
personal information, for example employment details, working hours, and relevant health issues) will
be handled by the systems. Compliance with data protection regulations such as GDPR and its UK
equivalent is essential [85] [99]. In the case where Artificial Intelligence is used in, for example, route
optimisation decisions in Intelligent Access, care must be taken that the data used for training the AI
cannot be used to identify individuals. GDPR and its UK equivalent also specify that no decision of
legal significance must be made exclusively by the AI (i.e. without human intervention).

4.2.3 What are the potential effects on the infrastructure?
The literature highlights the following potential effects on road infrastructure from the introduction of
Intelligent Access, emphasising improvements in maintenance, safety, capacity optimisation, and
environmental impact, as well as support for multimodal transport and data-driven planning:

1. Improved road maintenance and management: Intelligent Access systems provide data on
vehicle movements and road conditions, enabling more proactive and efficient road
maintenance. This can lead to better-managed road surfaces, reduced wear and tear, and
extended infrastructure lifespan.

2. Optimised use of road capacity: By optimising vehicle routing and managing traffic flow,
Intelligent Access systems can make more efficient use of existing road capacity. This
reduces congestion and the need for costly infrastructure expansions.

3. Enhanced safety features: Intelligent Access systems can enhance road safety by
monitoring compliance with speed limits, weight restrictions, and other regulations. This
reduces the risk of accidents and damage to infrastructure, contributing to safer roads.

4. Targeted infrastructure investments: The data collected through Intelligent Access systems
can inform targeted infrastructure investments. Authorities can identify high-traffic areas,
bottlenecks, and regions requiring upgrades, ensuring that resources are allocated effectively.

5. Reduced environmental impact: By promoting optimised routing and the use of low-
emission vehicles, Intelligent Access systems can reduce the environmental impact of road
transport. This contributes to cleaner air and less pollution-related damage to road
infrastructure.

6. Support for multimodal transport: Intelligent Access systems can facilitate the integration of
road transport with other modes of transport, such as rail and waterways. This reduces the
burden on road infrastructure by promoting multimodal transport solutions.

7. Infrastructure monitoring: Intelligent Access systems can include sensors and monitoring
devices that provide information on the condition of road infrastructure. This enables timely
detection of issues such as potholes, structural weaknesses, or other damage.

8. Increased compliance and reduced overloading: By ensuring compliance with weight and
dimension regulations, Intelligent Access systems reduce the incidence of overloading, which
can cause significant damage to road infrastructure. This helps to preserve the integrity of
roads and bridges.

9. Enhanced traffic management: Intelligent Access systems enable more effective traffic
management, reducing congestion and improving the flow of vehicles. This leads to less stop-
and-go traffic, which can cause wear and tear on road surfaces.
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10. Data-driven infrastructure planning: The comprehensive data provided by Intelligent
Access systems can support long-term infrastructure planning. Authorities can use this data to
forecast future traffic patterns, plan new roads, and upgrade existing infrastructure to meet
evolving needs.

Any implementation of Intelligent Access described in the literature would require additional
infrastructure in vehicles, at the roadside, and centrally – including for GDPR compliance. Each of
these will introduce a higher level of complexity, as a result of which care must be taken to design and
implement systems which are as robust and easily-maintained as possible – especially given that in
many cases (for example, eFTI) there may no longer be back-up systems.

It is also necessary to implement security measures, both against casual vandalism of physical
infrastructure (for example, the theft of electronic units, similar to the crimes currently being
experienced by farmers [26]) and hacking by malicious actors.

4.2.4 What are the data-driven compliance/enforcement processes that
minimise human resource requirements? Can existing systems (e.g.
HGV tolling) be used as a basis?

For Intelligent Access, data-driven compliance and enforcement processes can significantly minimise
human resource requirements by leveraging automation, AI, and data monitoring. Here are some key
processes:

1. Automated data collection and analysis: Using sensors and IoT devices to collect data on
vehicle movements, load weights, and compliance with regulations [57]. This data can be
analysed in real-time to identify non-compliance and trigger automated responses.

2. AI-powered monitoring: AI algorithms can monitor vast amounts of data to detect patterns
and anomalies that indicate non-compliance. This allows for proactive enforcement and
reduces the need for manual inspections.

3. Automated reporting and alerts: Systems can automatically generate reports and send
alerts to relevant authorities when non-compliance is detected. This ensures timely
intervention without the need for constant human oversight.

4. Integration with existing systems: Existing systems like EETS for HGV tolling can indeed
be used as a basis. These systems already collect valuable data that can be repurposed for
compliance monitoring. By integrating tolling data with other data sources, a comprehensive
view of compliance can be achieved.

5. Policy-based access control: Implementing policy-based controls that automatically enforce
compliance rules based on predefined criteria. This reduces the need for manual checks and
ensures consistent enforcement.

The literature suggests several processes for how data-driven compliance and enforcement
processes can minimise human resource requirements by leveraging automation, data analytics, and
integration with existing systems like road tolling. This ensures efficient and effective enforcement
while reducing the administrative burden on human resources. These processes are summarised
below:

1. Automated compliance monitoring: Intelligent Access systems can use telematics and
sensors to automatically monitor compliance with regulations such as speed limits, weight
restrictions, and route adherence. This reduces the need for manual inspections and
enforcement by human personnel.

2. Real-time data analytics: By analysing real-time data from vehicles, Intelligent Access
systems can identify non-compliance issues instantly. Automated alerts can be sent to
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operators and authorities, enabling swift corrective actions without the need for extensive
human intervention.

3. Integration with road tolling systems: Existing road tolling systems can be integrated with
Intelligent Access systems to monitor and enforce compliance. For example, tolling data can
be used to verify that vehicles are using approved routes and adhering to weight limits. This
leverages existing infrastructure to enhance compliance efforts.

4. Automated penalty issuance: Intelligent Access systems can automatically issue penalties
for non-compliance based on data collected from vehicles. This includes fines for speeding,
overloading, or unauthorised route usage. Automated penalty issuance reduces the
administrative burden on human resources.

5. Geofencing and restricted zones: Geofencing technology can be used to create restricted
zones where only compliant vehicles are allowed. Automated systems can monitor entry and
exit points, ensuring that only authorised vehicles access these areas. This minimises the
need for manual checks.

6. Electronic Logging Devices: ELDs can be used to automatically record driver hours of
service (HOS) and ensure compliance with regulations on driving and rest times. This
reduces the need for manual logbook inspections and enhances enforcement efficiency.

7. Predictive analytics for maintenance and compliance: Predictive analytics can be used to
forecast maintenance needs and potential compliance issues based on historical data. This
allows for proactive interventions, reducing the need for reactive enforcement and
inspections.

8. Centralised data repositories: Creating centralised data repositories that store information
on vehicle movements, compliance, and enforcement actions can streamline the compliance
process. Authorities can access and analyse this data to ensure consistent enforcement
without extensive human involvement.

9. Automated reporting and auditing: Intelligent Access systems can generate automated
reports and audits on compliance metrics. This provides authorities with detailed insights into
compliance trends and issues, enabling targeted enforcement actions without the need for
extensive manual analysis.

10. Remote monitoring and control: Remote monitoring and control systems can be used to
oversee compliance across large geographic areas. This allows authorities to manage
compliance efforts from a central location, reducing the need for on-site personnel.

4.2.5 What are the data management requirements? (who?, where?, etc.)
The literature infers several points about the data management requirements for Intelligent Access,
emphasising the importance of data accuracy, security, integration, processing, privacy compliance,
analytics, quality management, scalability, governance, and collaboration:

1. Data collection and accuracy: Intelligent Access systems require accurate and
comprehensive data collection from various sources, including vehicle telematics, sensors,
GNSS, and road infrastructure. Ensuring the accuracy and reliability of this data is crucial for
effective monitoring and compliance. High-quality data is critical for accurate Intelligent
Access implementation. Efficiently categorising and labelling data is essential for Intelligent
Access. Artificial Intelligence (AI) can be used in data classification and extraction, and in
verification AI helps reduce errors in data by identifying inconsistencies and anomalies [52].

2. Data storage and security: Secure data storage solutions are essential to protect sensitive
information related to vehicle movements, driver behaviour, and compliance. This includes
implementing encryption, access controls, and secure data centres to prevent unauthorised
access and data breaches.
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3. Data integration and interoperability: Intelligent Access systems must be able to integrate
and interoperate with existing data systems, such as road tolling, traffic management, and
regulatory databases. This requires standardised data formats and protocols to ensure
seamless data exchange and compatibility.

4. Real-time data processing: For some Intelligent Access implementations, the ability to
process data in real-time is critical to provide timely alerts, compliance checks, and traffic
management. This requires robust data processing infrastructure capable of handling large
volumes of data with minimal latency.

5. Data privacy and compliance: Compliance with data privacy regulations, such as the
GDPR, is essential for Intelligent Access systems. Any specific legislation regarding the use of
data in Intelligent Access would need to operate within this framework by defining the legal
basis (for instance, the data is processed for compliance with a legal obligation).

6. Data analytics and reporting: Advanced data analytics capabilities are required to derive
actionable insights from the collected data. This includes the ability to generate reports,
identify trends, and perform predictive analytics to inform decision-making and policy
development. Historic data generated by Intelligent Access implementations may have
significant value.

7. Data quality management: Ensuring the quality of data is essential for the effectiveness of
Intelligent Access systems. This includes implementing data validation, cleansing, and
normalisation processes to maintain data integrity and consistency.

8. Scalability and flexibility: Intelligent Access systems must be scalable and flexible to
accommodate growing data volumes and evolving requirements. This includes the ability to
scale data storage and processing capabilities and adapt to new data sources and
technologies.

9. Data governance and accountability: Establishing clear data governance policies and
accountability frameworks is crucial for managing data within Intelligent Access systems. This
includes defining roles and responsibilities, setting data management standards, and ensuring
compliance with regulatory requirements.

10. Data sharing and collaboration: Facilitating data sharing and collaboration between
different stakeholders, such as road authorities, transport operators, and regulatory bodies, is
essential for the success of Intelligent Access systems. This requires establishing data-
sharing agreements and ensuring data interoperability.

4.2.6 What are the interests of non-NRA stakeholders related to Intelligent
Access?

The literation points out the diverse interests of stakeholders who are not national road authorities
related to Intelligent Access, emphasising the importance of efficiency, compliance, safety,
environmental impact, and data-driven decision-making:

1. Transport operators and logistics companies:

Efficiency and cost savings: Transport operators and logistics companies are
interested in Intelligent Access systems to optimise routing, reduce fuel consumption,
and lower operational costs. Any stakeholders involved in cross-border trade will have
an interest in the development of Intelligent Access to allow for ease of movement of
freight across borders.

o Compliance and safety: Ensuring compliance with regulations and enhancing safety
for drivers and cargo are key interests. Intelligent Access systems help monitor and
enforce compliance with weight limits, speed restrictions, and other regulations.
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o Data and analytics: Access to data (real-time and historic batch data) and analytics
allows these stakeholders to make informed decisions, improve fleet management,
and enhance overall operational efficiency.

2. Technology providers and telematics companies:

o Market opportunities: Technology providers and telematics companies see
Intelligent Access as an opportunity to develop and deploy innovative solutions, such
as telematics devices, data analytics platforms, and compliance monitoring systems.

o Integration and interoperability: Ensuring that their technologies can integrate and
interoperate with existing systems and infrastructure is crucial for these stakeholders.

o Data security and privacy: Addressing data security and privacy concerns is
essential to gain the trust of users and comply with regulatory requirements.

3. Local and regional governments:

o Traffic management and congestion reduction: Local and regional governments
are interested in using Intelligent Access systems to manage traffic flow, reduce
congestion, and improve overall transport efficiency within their jurisdictions. In urban
areas, planners and traffic management authorities may implement Smart Loading,
enabled by Intelligent Access, to optimise use of limited kerbside space [94].

o Environmental impact: Reducing emissions and promoting sustainable transport are
key interests. Intelligent Access systems can help monitor and enforce environmental
regulations.

o Public safety: Enhancing road safety and reducing accidents through better
compliance monitoring and traffic management are important goals for local and
regional authorities.

4. Freight and logistics associations:

o Advocacy and policy development: These associations are interested in
advocating for policies and regulations that support the adoption of Intelligent Access
systems and benefit their members.

o Industry standards: Developing and promoting industry standards for Intelligent
Access technologies and practices is a key interest to ensure consistency and
interoperability.

o Training and education: Providing training and educational resources to their
members on the benefits and implementation of Intelligent Access systems is
important.

5. Insurance companies:

o Risk management: Insurance companies are interested in using data from Intelligent
Access systems to assess and manage risks more effectively. This includes
monitoring driver behaviour, vehicle compliance, and accident data.

o Premium adjustments: Access to detailed data allows insurance companies to offer
customised premiums based on the risk profile of individual operators and vehicles.

o Fraud prevention: Intelligent Access systems can help detect and prevent fraudulent
claims by providing accurate and verifiable data on vehicle movements and incidents.

6. Public and private road operators:
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o Infrastructure maintenance: Intelligent Access systems provide valuable data on
road usage and conditions, helping operators plan and prioritise maintenance
activities.

o Revenue generation: For toll road operators, Intelligent Access systems can
enhance toll collection and compliance, ensuring accurate revenue generation. Law
enforcement agencies will also have a stake in the use of data from Intelligent
Access, both for enforcement and for understanding the extent of compliance.

o Service quality: Improving the quality of service for road users through better traffic
management and reduced congestion is a key interest.

7. Environmental and community groups:

o Sustainability and emissions reduction: These groups are interested in promoting
the use of Intelligent Access systems to reduce emissions, improve air quality, and
support sustainable transport initiatives. NGOs and other stakeholders, including
national governments, who wish to reduce carbon emissions also have an interest in
improving the efficiency of freight transport, including enabling multi-modality.

o Community impact: Ensuring that transport activities do not negatively impact local
communities, such as through noise pollution or traffic congestion, is a key concern.

o Advocacy and awareness: Raising awareness about the benefits of Intelligent
Access systems and advocating for their adoption to achieve environmental and
community goals.

8. General public:

o Vulnerable road users: such as pedestrians and cyclists, primarily have a road
safety interest in the management of heavy vehicles.

o Correct handling of dangerous goods: The public need to be satisfied that the
transport of dangerous goods is not a threat to them. For instance, if they live close to
a highway.

o Taxpayer value for money: For instance, the damage to highways caused by
inappropriately large vehicles may require taxpayer money to be spent on repairs.

4.2.7 What are the challenges related to the cooperation between public and
private organisations?

The literature highlights the challenges related to the cooperation between public and private
organisations in the introduction of Intelligent Access, emphasising the importance of data sharing,
interoperability, alignment of objectives, regulatory compliance, funding, trust, technical expertise,
stakeholder engagement, implementation, and accountability:

1. Data sharing and privacy concerns: Public and private organisations may have differing
policies and concerns regarding data sharing and privacy. Ensuring that data is shared
securely and in compliance with privacy regulations, such as GDPR, can be a significant
challenge.

2. Interoperability and standardisation: Achieving interoperability between different systems
and technologies used by public and private organisations is crucial for the success of
Intelligent Access. The lack of standardised protocols and data formats can hinder seamless
integration and cooperation.

3. Differing objectives and priorities: Public organisations may prioritise public safety,
regulatory compliance, and environmental impact, while private organisations may focus on



WP1: Building blocks for Intelligent Access

Prepared for:  Conference of European Directors of Roads ISAC: Intelligent Surface Access Community

33

operational efficiency, cost savings, and profitability. Aligning these differing objectives and
priorities can be challenging.

4. Regulatory and legal barriers: Navigating the complex regulatory and legal landscape can
be a challenge for both public and private organisations. Ensuring compliance with various
regulations and addressing legal barriers to data sharing and cooperation requires careful
planning and coordination.

5. Funding and resource allocation: Securing funding and allocating resources for the
implementation of Intelligent Access systems can be a challenge, particularly when public and
private organisations have different budget constraints and funding mechanisms.

6. Trust and collaboration: Building trust and fostering collaboration between public and
private organisations is essential for successful cooperation. Historical mistrust or competition
between entities can hinder effective collaboration and data sharing.

7. Technical expertise and capabilities: Public and private organisations may have varying
levels of technical expertise and capabilities. Ensuring that all parties have the necessary
skills and knowledge to implement and manage Intelligent Access systems can be a
challenge.

8. Stakeholder engagement and communication: Engaging and communicating with a
diverse range of stakeholders, including government agencies, private companies, and the
public, is crucial for the success of Intelligent Access initiatives. Ensuring clear and consistent
communication can be challenging.

9. Implementation and maintenance: Coordinating the implementation and ongoing
maintenance of Intelligent Access systems across different organisations requires careful
planning and collaboration. Ensuring that systems are maintained and updated consistently
can be challenging.

10. Performance measurement and accountability: Establishing clear performance metrics
and accountability frameworks is essential for evaluating the success of Intelligent Access
initiatives. Ensuring that both public and private organisations are held accountable for their
roles and responsibilities can be challenging.

Cooperation between public and private organisations can be both beneficial and challenging. The
benefits flow from the pooling of expertise between government and commerce. This necessitates
excellent, transparent communication and trust both between and within the parties involved,
including on such issues as setting an exact brief. It also requires that the public sector partner should
be assiduous drawing up the contracts.

The success of implementation will also depend upon the partners’ reputations, among any system’s
end users (for example, commercial drivers and other road users) for trustworthiness, transparency
and commercial probity. In times of emergency, such as Covid-19 or a natural disaster, care must be
taken not to allow urgency to overwhelm these processes [83].

In the UK, Public-Private Partnerships (PPP), funding approaches for collaboration between public
and private entities, have proven controversial in that they have not always given better return on
investment than either fully public or fully commercial funding. Often the remediation of any obvious
faults falls to civil society organisations such as voluntary or campaigning entities or, occasionally,
individual lawmakers or investigative journalists [95].



WP1: Building blocks for Intelligent Access

Prepared for:  Conference of European Directors of Roads ISAC: Intelligent Surface Access Community

34

4.2.8 What is the best practice in Australia, USA, and Europe, and what has
the potential to be scaled up? (From existing Intelligent Access
implementations)

The literature highlights the following best practices related to the implementation of Intelligent Access
in Australia, the USA, and Europe, and their potential for scaling up to improve compliance, safety,
efficiency, and interoperability on a global scale:

Best practices in Australia

Transport Certification Australia are among the first to implement a full technical, functional and
regulatory framework to manage heavy vehicle access through the use of telematics [63]. Their
system now forms the platform for Intelligent Access systems proposed for use in Europe.

1. National telematics framework: Australia has developed a National Telematics Framework
that provides a standardised approach to telematics and Intelligent Access. This framework
ensures interoperability and consistency across different systems and jurisdictions.

2. Intelligent Access Program (IAP): The IAP in Australia is a well-established program that
uses telematics to monitor heavy vehicle compliance with access conditions. It has been
successful in improving road safety, reducing infrastructure damage, and enhancing
regulatory compliance.

3. Stakeholder engagement: Australia emphasises strong stakeholder engagement, involving
government agencies, transport operators, technology providers, and industry associations in
the development and implementation of Intelligent Access systems.

Best practices in the USA

1. Electronic Logging Devices: The USA has mandated the use of ELDs to monitor driver
hours of service (HOS) and ensure compliance with regulations. This has improved road
safety and reduced administrative burdens for transport operators.

2. Integrated Corridor Management: ICM initiatives in the USA use intelligent transportation
systems (ITS) to optimise the use of existing infrastructure. This includes real-time traffic
management, dynamic routing, and coordinated incident response.

3. Public-Private Partnerships: The USA leverages PPPs to implement Intelligent Access
systems, combining public sector oversight with private sector innovation and investment.
This approach has facilitated the deployment of advanced technologies and infrastructure.

Best practices in Europe

In Europe, the eCMR system implemented in Estonia, as outlined in section 2.2 provides a useful
template for roll-out across the European Union. Regular published updates, webinars and
conference contributions are facilitating dissemination of this knowledge.

1. European Electronic Toll Service: EETS provides a standardised framework for electronic
tolling across Europe, ensuring interoperability between different tolling systems. This
facilitates cross-border transport and reduces administrative complexity.

2. Smart tachographs: Europe has introduced smart tachographs to monitor driver activity,
vehicle speed, and distance travelled. These devices enhance compliance with driving and
rest time regulations and improve road safety.

3. Harmonised regulations and standards: Europe emphasises harmonised regulations and
standards for Intelligent Access systems, ensuring consistency and interoperability across
different countries. This includes initiatives like the European Union's ITS Directive.

Potential for scaling up
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1. Standardised frameworks and interoperability: The development of standardised
frameworks, like Australia's National Telematics Framework and Europe's EETS, has the
potential to be scaled up globally. These frameworks ensure interoperability and consistency,
facilitating cross-border transport and cooperation.

2. Telematics and real-time monitoring: The use of telematics and real-time monitoring
systems, as seen in Australia's IAP and the USA's ELD mandate, can be scaled up to
improve compliance, safety, and efficiency in other regions.

3. Public-Private Partnerships: The PPP model used in the USA can be scaled up to leverage
private sector innovation and investment while ensuring public sector oversight and regulatory
compliance. This approach can facilitate the deployment of Intelligent Access systems in
other countries.

4. Harmonised regulations and standards: The emphasis on harmonised regulations and
standards in Europe can be scaled up to ensure consistency and interoperability across
different regions. This includes developing international agreements and standards for
Intelligent Access systems.

5. Stakeholder engagement and collaboration: The strong stakeholder engagement practices
seen in Australia can be scaled up to ensure that all relevant parties are involved in the
development and implementation of Intelligent Access systems. This includes government
agencies, transport operators, technology providers, and industry associations.

4.2.9 What are the lessons learned from Intelligent Access implementation
and investigation in Australia, USA, and Europe?

The literature provides several lessons learned from the implementation of Intelligent Access in
Australia, the USA, and Europe, emphasising the importance of standardisation, stakeholder
engagement, technology integration, data-driven decision-making, harmonised regulations, cross-
border cooperation, sustainability, data privacy, scalability, training, and performance measurement:

Lessons learned in Australia

1. Standardisation and frameworks: The success of Australia's National Telematics
Framework highlights the importance of developing standardised frameworks for Intelligent
Access. Standardisation ensures interoperability and consistency across different systems
and jurisdictions.

2. Stakeholder engagement: Engaging stakeholders, including government agencies, transport
operators, technology providers, and industry associations, is crucial for successful
implementation. Collaborative efforts lead to better-designed systems that meet the needs of
all parties involved.

3. Compliance and enforcement: The Intelligent Access Program (IAP) in Australia has shown
that real-time monitoring and data-driven compliance enforcement can significantly improve
road safety and reduce infrastructure damage. Automated systems reduce the need for
manual inspections and enhance regulatory compliance.

Lessons learned in the USA

1. Technology integration: The implementation of Electronic Logging Devices (ELDs) in the
USA demonstrates the importance of integrating technology into compliance and enforcement
processes. ELDs have improved road safety and reduced administrative burdens for transport
operators.

2. Public-Private Partnerships: The use of PPPs in the USA has facilitated the deployment of
advanced technologies and infrastructure. Combining public sector oversight with private
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sector innovation and investment leads to more effective and efficient Intelligent Access
systems.

3. Data-driven decision making: The USA's Integrated Corridor Management (ICM) initiatives
highlight the value of data-driven decision-making. Real-time data and analytics enable
optimised traffic management, dynamic routing, and coordinated incident response.

Lessons learned in Europe

1. Harmonised regulations and standards: Europe's emphasis on harmonised regulations
and standards, such as the European Electronic Toll Service (EETS) and smart tachographs,
ensures consistency and interoperability across different countries. This facilitates cross-
border transport and reduces administrative complexity.

2. Cross-border cooperation: The success of Intelligent Access systems in Europe
underscores the importance of cross-border cooperation. Collaborative efforts between
countries lead to more effective implementation and management of Intelligent Access
systems.

3. Need for clear legal basis: Pilots studies such as that carried out in the Netherlands (see
section 2.4) have demonstrated the need for clear legal basis. This now needs support from
policy makers to realise this legal basis by adapting regulations such as Directive 96/53/EC
Weights and dimensions.

4. Sustainability and environmental impact: Europe's focus on sustainability and reducing
environmental impact through Intelligent Access systems demonstrates the importance of
aligning technology implementation with broader environmental goals. Monitoring and
enforcing emission standards contribute to cleaner air and reduced pollution.

General lessons learned

1. Data privacy and security: Ensuring data privacy and security is a critical lesson learned
from all regions. Compliance with data protection regulations, such as GDPR, and
implementing robust security measures are essential to gain the trust of users and protect
sensitive information.

2. Scalability and flexibility: Intelligent Access systems must be scalable and flexible to
accommodate growing data volumes and evolving requirements. Designing systems with
scalability in mind ensures they can adapt to future needs and technological advancements.

3. Training and education: Providing training and educational resources to stakeholders is
crucial for the successful implementation of Intelligent Access systems. Ensuring that all
parties understand the benefits, requirements, and best practices leads to more effective
adoption and use.

4. Performance measurement and accountability: Establishing clear performance metrics
and accountability frameworks is essential for evaluating the success of Intelligent Access
initiatives. Regular monitoring and reporting ensure that systems are meeting their objectives
and provide opportunities for continuous improvement.

4.2.10 What are the known challenges/barriers for Intelligent Access
implementation based on existing studies/pilots in Australia, USA, and
Europe?

The literature provides a useful source of known challenges and barriers for the implementation of
Intelligent Access in Australia, the USA, and Europe, emphasising the importance of addressing data
privacy, interoperability, cost, regulatory compliance, public acceptance, technical expertise, cross-
border coordination, infrastructure compatibility, data integration, technology adoption, stakeholder
coordination, legal considerations, maintenance, and performance evaluation:
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Challenges in Australia

1. Data privacy and security: Ensuring compliance with data privacy regulations and securing
sensitive information is a significant challenge. The collection and sharing of telematics data
must adhere to strict privacy standards to gain public trust.

2. Interoperability and standardisation: Achieving interoperability between different telematics
systems and ensuring standardisation across jurisdictions can be challenging. Variations in
technology and data formats can hinder seamless integration.

3. Cost and funding: The initial cost of implementing Intelligent Access systems, including
technology acquisition and infrastructure upgrades, can be a barrier. Securing funding and
demonstrating a clear return on investment is essential for widespread adoption.

Challenges in the USA

1. Regulatory compliance: Navigating the complex regulatory landscape and ensuring
compliance with federal, state, and local regulations can be challenging. Differences in
regulations across states can create inconsistencies in implementation.

2. Public acceptance and trust: Gaining public acceptance and trust in Intelligent Access
systems is crucial. Concerns about surveillance, data privacy, and potential misuse of
information can hinder adoption.

3. Technical expertise and resources: Ensuring that all stakeholders have the necessary
technical expertise and resources to implement and manage Intelligent Access systems can
be a barrier. Training and capacity-building efforts are needed to address this challenge.

Challenges in Europe

1. Cross-border coordination: Coordinating Intelligent Access initiatives across multiple
countries with different regulatory frameworks, languages, and administrative structures can
be complex. Ensuring harmonised implementation and cooperation is essential.

2. Infrastructure compatibility: Ensuring that existing road infrastructure is compatible with
Intelligent Access technologies can be a barrier. Upgrading infrastructure to support new
technologies requires significant investment and planning.

3. Data integration and management: Integrating data from various sources and managing
large volumes of data in real-time can be challenging. Ensuring data quality, accuracy, and
consistency is crucial for effective implementation.

4. Clear legal justification: Intelligent Access needs to be legally justified. This is complicated
by the cross-border nature of freight transport. There are legislative changes being made
through EC directives that need to be considered and influenced.

General challenges and barriers

1. Technology adoption and upgradability: The rapid pace of technological advancements
can make it challenging to keep systems up to date. Ensuring that Intelligent Access systems
are future-proof and can adapt to new technologies is essential.

2. Stakeholder coordination: Coordinating efforts among diverse stakeholders, including
government agencies, private companies, and industry associations, can be challenging.
Clear communication and collaboration are necessary for successful implementation.

3. Legal and ethical considerations: Addressing legal and ethical considerations related to
data collection, usage, and sharing is crucial. Ensuring that Intelligent Access systems comply
with legal standards and respect ethical principles is essential.
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4. Maintenance and sustainability: Ensuring the long-term maintenance and sustainability of
Intelligent Access systems can be a barrier. Continuous funding, technical support, and
system upgrades are necessary to maintain effectiveness.

5. Performance evaluation and accountability: Establishing clear performance metrics and
accountability frameworks to evaluate the success of Intelligent Access initiatives can be
challenging. Regular monitoring and reporting are needed to ensure systems meet their
objectives.

Most notably, the literature highlights the following key challenges [98]:

- While Intelligent Access originated in Australia, it cannot be directly copied to the European
context. Adaptation to regional regulations and conditions is necessary. This is specifically in
the case where European legislation and national legislation may differ. For instance, some
countries are resisting the amendment to 96/53/EC Weights and dimensions, due to concerns
about the impact of megatrucks on infrastructure, increasing competition for rail freight
transport, and potentially ceding control of future regulations on these types of trucks.

- Developing effective controls for Intelligent Access remains institutionally and politically
challenging. Crafting policy and regulatory systems that balance efficiency and compliance is
crucial.

- Intelligent Access concepts continue to evolve, responding to different local conditions and
constraints. Flexibility in design and policy is essential for successful implementation.

4.3 What is the legal basis for the introduction of Intelligent
Access?

Intelligent Access leverages digital systems to monitor and control vehicle access, data management,
and regulatory compliance within the transportation and logistics sectors.

Article 91(1) of the Treaty on the Functioning of the European Union (TFEU) provides a general legal
basis for the EU to adopt measures concerning transport, particularly in the context of establishing a
common transport policy. While it does not specifically mention Intelligent Access, it does offer a solid
legal foundation for measures that support the regulation and management of freight transport,
including those involving digital and telematics-based systems like Intelligent Access.

Intelligent Access can also support the implementation of other regulations. Below are the
requirements from relevant regulations and how Intelligent Access helps meet them:

1. Intelligent Transport Systems (ITS) Directive (2010/40/EU) of the European Parliament
and of the Council of 7 July 2010 on ITS [34]

Relevant Clause: Article 3(a) specifies that ITS services should enhance road safety and traffic
efficiency. Article 6 elaborates on ensuring interoperability of ITS applications across the EU.

How Intelligent Access supports this:

- Traffic management & safety: Intelligent Access supports the Directive's goal to improve traffic
efficiency and safety by enabling real-time access control, vehicle tracking, and route
management, in line with Article 3(a).

- Interoperability of data: As stated in Article 6, Intelligent Access helps ensure seamless data
sharing across systems, providing standardised, secure communication between different
stakeholders (e.g., transport operators, and public authorities).

- Justification: By supporting automated traffic control and safe routing, Intelligent Access
answers the core requirements of the ITS Directive to optimise traffic flow, reduce congestion,
and minimise accidents.
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2. Revision of Directive 96/53/EC – Weights and Dimensions of Heavy Goods Vehicles [7]

Relevant Clauses: Article 4(4): This article permits certain vehicles to exceed standard dimensions if
equipped with aerodynamic devices or running on alternative fuels, provided they meet specified
safety and efficiency conditions. Article 10: Outlines requirements for Member States to implement
systems that ensure vehicles comply with weight and dimension regulations, particularly regarding
enforcement and monitoring.

How Intelligent Access supports this:

─ Vehicle dimension and weight monitoring: Intelligent Access systems enable automatic
monitoring of vehicle dimensions and weights, ensuring that vehicles with aerodynamic
features or alternative-fuel technologies comply with the special allowances under Article
4(4).

─ Enabling transition to alternative fuels: Intelligent Access can be used as the system to
monitor vehicle weights and dimensions and thus provide a mechanism to allow higher limits
for vehicles using alternative fuels (such as zero-emission electric vehicles).

─ Automated enforcement: Intelligent Access assists Member States in fulfilling their
obligations under Article 10, as it automates checks for vehicle dimensions and weights,
reducing manual inspection efforts and enhancing enforcement capabilities.

─ Data-driven compliance: Intelligent Access provides accurate, real-time data that helps
authorities verify that vehicles meet the conditions of Article 4(4), which is crucial for vehicles
exceeding permissible limits due to special allowances for fuel efficiency and safety
improvements.

Justification: Intelligent Access systems directly address the requirements outlined in Article 4(4) and
Article 10 by offering automated, data-driven solutions that monitor vehicle compliance with
dimensional and weight limits. This ensures road safety, minimises infrastructure damage, and allows
authorities to efficiently manage enforcement, particularly for vehicles utilising permissible
exemptions.

3. Commission Implementing Regulation (EU) 2019/1213 of July 2019 on the
Implementation of the Directive 2010/40/EU [87]

Relevant Clauses: Regulation (EU) 2019/1213 governs the use of on-board weighting equipment in
EU freight vehicles to enforce weight compliance under directive 96/53/EC.  Article 1 outlines the
scope of Regulation, focusing on the deployment of intelligent transport systems and their
applications to enhance road safety and efficiency. Article 2 details the requirements for data and
information exchange between different transport systems to promote interoperability and integration.
Article 4 emphasises the need for compliance with data protection regulations while implementing ITS
solutions.

Established under Directive 96/53/EC, this regulation sets uniform conditions for the interoperability
and compatibility of OBW systems across EU member states. Member States may choose to require
OBW installation to identify vehicles or vehicle combinations likely to exceed authorised weight limits.
Alternatively, they can implement weight monitoring through roadside infrastructure systems such as
weigh-in-motion (WIM). The use of the words ‘may choose’ is a challenge for the standardisation of
systems that may be necessary for Intelligent Access.

The regulation does provides a steer for both implementation and certification of weighing equipment,
anchored in recognised ISO standards – validating the use as part of Intelligent Access or other
freight compliance systems. However, it is narrow by design, as it identifies ITS-G5 as the sole short-
range communication protocol for data exchange and is focused on EU-registered vehicles. This
reflects the Commission's intention to prioritise rapid deployment of a single interoperable standard,
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but it does mean that alternative technologies (such as C-V2X or other communications channels) are
excluded. The reference to ISO 11992 (CANbus / EBS interface) is helpful because it leverages
existing vehicle electronic architecture rather than imposing new hardware layers, making it possible
for equipment providers to integrate weighing functionality in a predictable way.

How Intelligent Access supports this:

- Promoting interoperability: Intelligent Access systems facilitate the requirements laid out in
Article 2 by enabling seamless data exchange across various transport modes and systems,
thus enhancing overall transport efficiency and integration.

- Enhancing road safety and efficiency: By providing real-time data on vehicle operations and
traffic conditions, Intelligent Access supports the objectives of Article 1, contributing to
improved road safety and transport system efficiency.

- Data protection compliance: Intelligent Access systems incorporate measures to ensure
compliance with Article 4, safeguarding personal data and adhering to relevant data
protection laws while implementing intelligent transport solutions.

- Justification: Intelligent Access systems directly support the aims of Commission
Implementing Regulation (EU) 2019/1213 by promoting interoperability and enhancing road
safety through efficient data exchange. By ensuring compliance with data protection
regulations, Intelligent Access contributes to the responsible implementation of intelligent
transport systems, aligning with the legislative framework established by the Regulation.

4. Regulation (EU) 2019/1242 setting CO₂ emission performance standards for new
heavy-duty vehicles

Relevance: Introduced CO₂ emissions performance standards for new heavy-duty vehicles. Key
elements include emissions performance standards (including targets to reduce average CO₂
emissions from new heavy vehicles) and reporting and monitoring (from manufacturers and national
authorities).

How Intelligent Access supports this:

- Supporting low-emission vehicle access policies: Intelligent Access platforms could identify
clean vehicles based on real-time data (CO₂ performance or vehicle certification), enabling
preferential routing or permit priority for low- and zero-emission trucks.

- Enabling compliance-based incentives: NRAs can tie access rules (e.g. entry to low-emission
zones or road pricing) to real-time emission performance data, reinforcing the incentives
created by Regulation 2019/1242.

- Data feedback loop for better monitoring: Telematics within Intelligent Access systems can
provide operational CO₂ performance data, offering practical validation of manufacturer
claims and supporting real-world emission monitoring.

- Integration into holistic fleet management: Intelligent Access enables enforcement and
infrastructure access control to be aligned with CO₂ objectives – helping authorities to
regulate freight movement not only by vehicle weight or route, but also by emission
standards.

5. Council Directive 92/106/EEC – Combined Transport

Relevant Clause: Article 2(1) encourages the development of combined transport to reduce road
traffic congestion, while Article 3 promotes transparency in transport operations.

How Intelligent Access supports this:
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─ Monitoring intermodal transport: Intelligent Access facilitates real-time tracking and
verification of goods transported across different modes (road, rail, sea), supporting Article
2(1)'s push for better transport coordination.

─ Transparency in operations: Intelligent Access provides real-time data and reporting on the
movement of goods, aligning with Article 3’s emphasis on transparency and compliance with
combined transport operations.

─ Justification: Intelligent Access ensures compliance with combined transport regulations by
tracking the movement of freight and reporting emissions, furthering the sustainability and
efficiency objectives of this Directive.

6. Regulation (EC) No 1072/2009 – Access to the International Road Haulage Market

Relevant Clause: Article 3(1) requires operators to possess valid community licenses, and Article 8(2)
limits cabotage operations to prevent excessive road use.

How Intelligent Access supports this:

─ License and certification checks: Intelligent Access automates the verification of community
licenses and certificates of drivers, ensuring compliance with Article 3(1) for international
road haulage.

─ Cabotage monitoring: Intelligent Access systems can track vehicle movements and ensure
compliance with cabotage limits, helping to enforce the restrictions set out in Article 8(2).

─ Justification: Intelligent Access enhances the enforcement of these rules by automating
checks for operator licenses and cabotage compliance, reducing administrative errors and
ensuring adherence to international haulage regulations.

7. General Data Protection Regulation (GDPR) (Regulation (EU) 2016/679) [85]

Relevant Clause: Article 25 requires data protection by design and by default, and Article 32
emphasises the need for secure processing of personal data.

The legal basis for introducing Intelligent Access involves complying with data protection regulations.
Controllers must rely on one of the six legal bases for processing personal data under Article 6(1) of
the GDPR. Common bases include consent, legitimate interests, legal obligation, or contractual
necessity. When developing and deploying Intelligent Access systems, it’s crucial to choose the most
appropriate lawful basis and document the decision.

How Intelligent Access supports this:

─ Data protection by design: Intelligent Access systems incorporate encryption and secure
protocols, aligning with Article 25's requirement for data protection by design, ensuring that
all personal and transport data are securely handled.

─ Transparency and security: Intelligent Access offers transparency in data access and usage,
adhering to Article 32’s requirements for secure processing of personal data and
safeguarding sensitive information in transportation and logistics operations.

─ Justification: By complying with these data protection standards, Intelligent Access ensures
the secure and lawful handling of data, particularly in cross-border transport where data
must be protected and shared transparently.

8. eFTI Regulation (EU 2020/1056) – Electronic Freight Transport Information [36]
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Relevant Clause: Article 3 outlines that freight information must be electronically accessible to
competent authorities. Article 4 specifies that all data exchanges must be secure and protected.

How Intelligent Access supports this:

- Electronic data accessibility: Intelligent Access facilitates the electronic transmission of freight
data to authorities, as required in Article 3, automating the documentation process for
inspections and reducing reliance on paper records.

- Data protection and security: Intelligent Access systems ensure that data is transmitted
securely, supporting Article 4's requirement for secure data exchanges.

- Justification: By enabling secure, real-time access to freight documentation, Intelligent Access
aligns with eFTI's objective of improving communication efficiency between logistics operators
and authorities, ensuring compliance and reducing administrative burden.

- Article 5 mandates the availability, accuracy, and security of this electronic data. Article 9
outlines the technical requirements for eFTI platforms, which must ensure data
interoperability, security, and accessibility for authorities.

- Data accuracy and security: Intelligent Access ensures the data integrity and security required
under Article 5, facilitating compliance with eFTI regulations by securing the flow of sensitive
transport information, and therefore preventing unauthorised access.

- Interoperability: Intelligent Access platforms are designed to meet the interoperability
requirements specified in Article 9, ensuring that different systems across regions or countries
can seamlessly share and process freight information.

- Justification: Intelligent Access systems directly support the implementation of eFTI by
automating the exchange, accuracy, and security of freight information, ensuring full
compliance with the requirements for digital freight operations outlined in REGULATION (EU)
2020/1056. This promotes operational efficiency and transparency in freight transport.

9. European Electronic Toll Service [35] [38]

Relevant clause: Directive (EU) 2019/520, Article 3: This article establishes the requirement for
interoperability and cross-border data exchange in electronic tolling, facilitating the adoption of
uniform standards across Member States. It mandates the creation of harmonised electronic tolling
systems that support Intelligent Access by promoting technology-neutral interoperability, ensuring that
toll systems across the EU operate compatibly enabling a single market for transport.

Commission Decision 2009/750/EC Defines the EETS service requirements and technical
specifications, enabling toll systems to share essential data between toll operators and EETS
providers. The decision Intelligent Access functions and laying the groundwork for effective Intelligent
Access systems

Directive 2004/52/EC: Directive 2004/52/EC forms the original foundation of EETS by mandating
electronic toll systems' compatibility across Member States. This directive encourages the use of
interoperable tolling technology, which is critical for the functionality of Intelligent Access systems as
they depend on real-time data sharing across multiple jurisdictions.

How Intelligent Access supports this:

─ Enhanced cross-border transport: EETS supports Intelligent Access by streamlining cross-
border transit, reducing administrative and technical barriers for logistics providers. It allows
a single tolling contract to cover multiple regions, promoting smoother and more efficient
transportation. For Intelligent Access, this setup minimises disruptions and increases
mobility for logistics and freight operators moving across national borders.

─ Supporting Intelligent Transport Systems (ITS): The EETS framework promotes
technological developments crucial to Intelligent Access, including Dedicated Short-Range
Communication (DSRC) and Global Navigation Satellite System (GNSS). These
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technologies enable real-time connectivity (such as V2X, or Vehicle-to-Everything), which is
essential for some Intelligent Access functions like route optimisation and compliance
monitoring.

─ Data consistency and interoperability: Interoperability standards mandated by EETS
facilitate data sharing, compliance, and alignment with other Intelligent Transport Systems
(ITS) initiatives. The standardised data exchange required by EETS supports Intelligent
Access systems by ensuring data reliability and reducing discrepancies across toll systems,
making it possible to implement intelligent, data-driven decisions in real time.

─ Payment of fees: EETS provides a useful mechanism for hauliers, as they coordinate the
payment of tolls across various geographic areas. The haulier benefits as it requires only
one registration, and enforcement is similarly simplified.

10. Delegated Regulation (EU) 2022/670 supplementing Directive 2010/40/EU of the
European Parliament and of the Council with regard to the provision of EU-wide real-
time traffic information services

Relevant clause: Delegated Regulation 2022/670 supplementing Directive (EU) 2010/40/EU, Article
6.5: For the purpose of providing appropriate information directly to the end-users and optimising road
maintenance and road safety, road authorities and road operators may request holders of in-vehicle
generated data and service providers to provide the data types on the state of the network they collect
and update.

Notably, it sets standards for the accessibility, exchange, re-use, and updating of traffic, infrastructure,
and restriction data, ensuring it is available in a digital, machine-readable format, interoperable across
member states. Access conditions relevant to Intelligent Access – such as weight limits, tunnel or
bridge restrictions, low emission zones, and temporal access windows – are required to be published
in machine-readable form via the NAP, making them available for Intelligent Access platforms to
consume and enforce in real time.

There is a phased rollout for certain road classes (e.g. TEN-T and motorways) with obligations that
began in 2024/25. Compliance of countries with this rollout plan is believed to be poor.

How Intelligent Access supports this by enabling interoperable, digital, and data-driven road freight
transport management:

─ Digitisation of access conditions: Intelligent Access systems can translate legal and
regulatory access rules (e.g. for weight, emissions, size) into machine-readable digital
formats, in line with Article 3 of the Regulation.

─ Real-time compliance monitoring: Intelligent Access enable real-time collection and
processing of vehicle data (weight, location, emissions, route), supporting dynamic
enforcement of access rule.

─ Support for automated and connected vehicles: Delegated Regulation 2022/670 aims to
make access rules available to connected and automated vehicles. Intelligent Access
systems integrate with telematics and onboard systems to guide vehicles in real-time,
ensuring they comply with road access rules autonomously.

─ Cross-border harmonisation: Intelligent Access contribute to standardised access
frameworks across member states, a key goal of the Regulation.

─ Better decision support for NRAs: Intelligent Access provides analytics and monitoring
dashboards that help National Road Authorities enforce and adjust access policies in line
with Regulation requirements.
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11. Directive (EU) 2023/2661 of the European Parliament and of the Council of 22
November 2023 on the Promotion of Digital and sustainable Transport [33]

Relevant Clauses: Article 1: Establishes the purpose of the Directive, which is to promote the
digitalisation and sustainability of transport systems across the EU. Article 5: Outlines the obligations
for Member States to implement measures that facilitate the integration of digital technologies in
transport operations. Article 8: Addresses the importance of ensuring data privacy and protection in
the deployment of digital transport solutions.

How Intelligent Access supports this:

─ Facilitating digital integration: Intelligent Access systems align with Article 5 by enabling the
integration of digital technologies across various transport modes, promoting efficient
operations and improving the overall sustainability of transport systems.

─ Enhancing sustainability: By optimising transport routes and reducing fuel consumption
through real-time data analytics, Intelligent Access supports the objectives set forth in Article
1 for creating more sustainable transport practices.

─ Data protection compliance: Intelligent Access systems are designed to adhere to the
principles outlined in Article 8, ensuring that personal data is handled securely and in
compliance with relevant data protection regulations during the implementation of digital
transport solutions.

Justification: Intelligent Access systems directly support the objectives of Directive (EU) 2023/2661 by
facilitating the digitalisation of transport operations and enhancing sustainability through data-driven
insights. By prioritising data privacy and protection, Intelligent Access contributes to the responsible
integration of digital technologies in transport systems, aligning with the legislative requirements
established by the Directive.

Summary

Article 91(1) TFEU provides a broad and valid legal basis for the introduction of Intelligent Access at
the EU level, particularly when:

- It relates to cross-border freight movement.

- It aims to improve road safety and infrastructure usage.

- It is implemented as part of broader transport policy measures (e.g. via delegated regulations,
ITS frameworks, or digital transport infrastructure legislation).

To introduce Intelligent Access systems at national level, Member States can also rely on Article 91(1)
as a legal reference point when transposing EU rules or aligning with common frameworks.

Intelligent Access systems fulfil the requirements outlined in various other regulations by automating
compliance, enhancing operational transparency, and ensuring data protection in line with European
legal frameworks.
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5. Intelligent Access data
The data is what will produce the intelligence in an Intelligent Access application. For most of the
applications of Intelligent Access described in the literature, the types of data proposed are already in
use for some other purpose – they are part of a related data system. For instance, some traffic
management systems and all EETS use GNSS-derived position information of vehicles. It is also
more feasible to build an Intelligent Access application using data and systems that are already in
existence.

Therefore, this review examined existing data systems and analysed the data within them for use in
an Intelligent Access application.

In analysing Intelligent Access data, the aim was to identify and address gaps in the existing
knowledge by systematically categorising and evaluating the data used for Intelligent Access systems.
To achieve this, we reviewed a range of literature documents, which are detailed in Appendix A, to
identify key types of data relevant to Intelligent Access systems. These were categorised based on
their descriptions, units, formats, and associated focus areas of Intelligent Access, along with the
countries employing them.

Each type of data was then rated on a performance scale from 1 to 3, with a brief explanation for the
rating. This process enabled the visualisation of data gaps using spider diagrams, where higher
ratings resulted in more balanced, circular diagrams, while gaps were indicated by irregular shapes or
critical omissions.

5.1 Methodology to review data
The approach involved a structured review of literature to systematically extract and categorise
Intelligent Access data. Data was classified into several attributes: type, description, unit category,
format, focus area, and geographical usage. Following categorisation, performance ratings were
assigned to each data type based on its completeness, relevance, and applicability within Intelligent
Access systems. Ratings ranged from 1 (low performance) to 3 (high performance), with explanations
provided to justify each rating. The ratings were then visualised in spider diagrams, highlighting areas
with comprehensive data coverage and those with deficiencies. This methodology allowed for a
comparative assessment across focus areas and regions, facilitating a deeper understanding of
where gaps exist and their criticality to system performance.

A summary of the results of this systematic review is provided in Section 5.2, and a detailed review of
each data system can be found in Appendix C.

5.2 Results of data review
The analysis revealed notable disparities in data performance and usage across Intelligent Access
systems. While certain data types, such as those related to vehicle characteristics and infrastructure
compatibility, achieved high ratings due to their robust applicability and integration, others, like
environmental impact data or real-time dynamic data, were rated lower due to inconsistent formats,
limited usage, or lack of standardisation.

Spider diagrams visually demonstrated these findings, with higher ratings forming near-complete,
circular diagrams, while lower-rated data resulted in fragmented shapes, indicating critical gaps. This
method effectively pinpoints specific data gaps and provides actionable insights for enhancing the
development and deployment of Intelligent Access systems. By identifying underperforming areas,
this approach contributes to a roadmap for improving data integration and addressing gaps in
Intelligent Access systems.



WP1: Building blocks for Intelligent Access

Prepared for:  Conference of European Directors of Roads ISAC: Intelligent Surface Access Community

46

5.2.1 Review of existing data systems
This section provides an overview of the data systems that were reviewed to identify data that could
be utilised for Intelligent Access implementation. The data in these systems could provide the
intelligence for an Intelligent Access application. Although some of the systems may appear to
serve very similar purposes (such as traffic management), there are subtle differences, and it is not
the purpose of this project to classify them. The full reviews of each data system can be found in
Appendix C. The data systems reviewed were:

- Weigh in motion (WIM) systems weigh vehicles to increase transportation safety and reduce
the damages caused by over-weighted vehicles, but without having to stop the vehicle.

- Adaptive Signal Control Technology systems use detection technologies to automatically
adjust the timing of traffic signals to work with changing traffic conditions.

- Driver behaviour monitoring and control systems analyse the speed and acceleration of
drivers during transportation operations and provide feedback for improving driving.

- Delivery space booking systems allow the space for parking to be booked for a specific
vehicle to load or unload freight during a specific time period.

- Vehicle identification systems collect information such as the type and class of vehicles,
their registration numbers and other identification information is used in different
transportation operations for transportation resource management, as well as being used by
authorities for controlling the security of transportation operations.

- Crash prevention systems use technologies such as sensors to reduce the probability of
accidents.

- The VELUB system allows road owners and police monitor abnormal heavy vehicle
movements in Estonia. It is a cloud monitoring platform, that is currently in the live testing
phase.

- Closed circuit television systems are video monitoring systems placed along highway or
intersections that transmit video for real-time viewing for uses such as identifying signal
outages or incidents.

- Connected vehicle technologies enable the exchange of safety messages among vehicles
and the highway infrastructure. Connected vehicle technologies may use short-range radio
signals.

- Detection devices are a variety of technologies including inductive loops and video detection
systems (i.e. cameras) used to detect vehicles and other users of the road on a highway,
potentially including pedestrians and bicyclists.

- Dynamic message signs are electronic road signs used to inform travellers of incidents,
travel times, detours, or special events. They are generally connected to a control centre.

- Emergency vehicle pre-emption uses a signal transmitted by emergency vehicles to alter
planned traffic signal timing to give green lights to emergency vehicles going through
intersections.

- Ramp meters are traffic signals on highway on-ramps or slip roads that regulate the rate at
which vehicles enter freeway traffic.

- Road weather information systems process information from environmental sensor stations
along a highway to alert traffic managers or the public about hazardous conditions.



WP1: Building blocks for Intelligent Access

Prepared for:  Conference of European Directors of Roads ISAC: Intelligent Surface Access Community

47

- Critical infrastructure management systems involve the monitoring, maintenance, and
protection of essential facilities and systems, such as transportation networks, power grids,
water supply, communication systems, and bridges.

- Intelligent route guidance systems calculate the optimum route for freight using processed
data from the traffic management centre on the current traffic situation, considering
specialties for HGVs (e.g. emission model, fuel consumption model, bridge and road damage
index).

- Accident warning information systems provides accident information to nearby vehicles to
enable users to reduce the effect of accidents. For example, queue build up, chain accidents,
fire, and rear end collisions.

- Theft alarm and recovery systems provide real-time location and status information about
stolen goods and vehicle to the goods owner, traffic and transport managers.

- FLUXNET infrastructural spatial model is a model under development which focuses on
optimising or adding terminals, infrastructure and modes on three different scale levels.

- Transport order handling systems provide real-time order information sharing between the
goods owner, transport manager, driver, and other parties, as well as feedback when the
orders are satisfied.

- Transport resource optimisation systems attempt to optimise overall resources including
road infrastructure, vehicle capacities, vehicle trips, so that the optimisation of subsystems
(e.g. routing, driver planning) may not negatively affect other systems such as road
maintenance.

- Vehicle follow-up systems collect and analyse vehicle performance-related data including
empty mileage, fuel consumption and vehicle status, then reports such data to different
stakeholders such as fleet owners and vehicle inspection agencies.

- Route guidance systems provide information relevant to specific corridors related to, for
instance, zebra crossings or school children, as well as helping the infrastructure owners
influence the use of a given route.

- Road User Charging (RUC) systems collect charges related to the use of road infrastructure
based on location, time, road type and vehicle type.

- Real-time track and trace of goods systems provides information such as speed, location
and status of goods to goods owners, transport managers and other stakeholders, that can
enable tracking of such goods if necessary.

- Urban Vehicle Access Regulation (UVAR) systems aim to establish a form of a traffic
management system that regulates access to specific urban areas and locations. Access is
conditional upon a vehicle type, age, or emission category for a specific time of the day or day
of the week, for example as practiced in the NORDICWAY project.

- Mobile telematics devices include radio frequency identification (RFID), sensor-tracking
devices, and GNSS telematics units enabling IoT services to optimise transport operations.

- On-board safety and security monitoring systems help the driver to constantly monitor the
vehicle and its contents without manual checks. These systems continuously track and
monitor vehicle conditions, cargo status, and safety parameters in real time.

- Pay-as-you-drive systems provide location-related information to insurance companies to
help reward drivers according to risk attitudes and exposure and reinforce good driving.
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- Remote monitoring systems RMS allow dispatchers and fleet owners to continuously track
the status and location of vehicles in real time.

- Road hindrance warning systems provide real-time information about road obstacles, traffic
jams, construction zones, and other disruptions. These systems also offer suggestions for
avoiding delays and rerouting vehicles in real-time to optimise travel times.

- Intelligent Speed Adaptation (ISA) systems provide dynamic information about the current
speed limit that can lead to a reduction in collisions and in fuel consumption.

- Transit signal priority systems adjust normal traffic signal timing to give priority to public
transit vehicles (e.g., buses). A device aboard the bus sends a signal picked up by a detection
device along the highway.

- The eCall system reduces the time taken to locate and rescue victims of a collision as well as
the vehicle and its contents. It reduces the total cost related to incidents by preventing deaths
and reducing incident severity and waiting time.

- Advanced driver log systems record various time-based activities for HGV drivers and help
the driver avoid driving under the influence of external factors such as alcohol. They are
digital records that track drivers’ hours, vehicle usage, and driving behaviour.

- Infrastructure repair and maintenance systems provides real-time information on the status
and maintenance history of infrastructure.

- Geofencing / geo-tracking devices provide control support for areas of interest such as
corridors, military areas, incident areas, parking areas and tunnels without using physical
barriers. Users include vehicle fleet owners, infrastructure owners, gate operators, vehicle
parking operators, and loading / unloading units.

- Information on truck parking systems provide parking related information in real-time to
drivers and facility owners.

- Remote declaration systems enable the declaration of information to be transferred
electronically at places such as gates, control stations, and loading/unloading stations reduce
delays. RDS are used to declare shipments, vehicle details, and other relevant data remotely,
reducing congestion at busy entry points and ensuring smoother, faster, and more efficient
processes.

- Staff monitoring systems track employee activities, presence, performance, and compliance
with safety regulations in real time using technologies including GNSS, biometric data, RFID,
and software-based monitoring tools. These systems play a crucial role in ensuring that
workers in logistics, transportation, and warehousing follow prescribed routes, meet
operational guidelines, and maintain safety standards.

- On-board mass (OBM) systems allow for the digital collection of axle mass measurements,
which are combined with vehicle position data to provide richer insights into vehicle
movement, load, and configuration. This data is used to manage compliance with road
transport laws and to improve road safety and infrastructure management.

5.2.2 Identified data gaps
The analysis of Intelligent Access data has revealed several critical gaps that impede the optimal
deployment and performance of Intelligent Access systems. These gaps are associated with specific
types of data, their accessibility, standardisation, and the challenges involved in their integration.
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Below, we detail the common data gaps identified, their implications, and the factors contributing to
these deficiencies.

1. On-board weighing systems

Gap identified: Limited adoption and cost barriers

On-board weighing (OBW) systems, which provide axle and gross vehicle weight measurements, are
critical for ensuring compliance with weight regulations and infrastructure safety. Currently, OBW
systems are not widely adopted in the on-road vehicle fleet due to high installation and maintenance
costs, particularly for smaller transport operators. Moreover, data from OBW systems is often siloed,
with limited integration into broader Intelligent Access frameworks due to inconsistent data formats
and a lack of standardisation across vehicle types and manufacturers. However, this is likely to
change for two main reasons:

- The on-road fleet is renewed (almost all new vehicle makers now include air suspension
systems that can be used as OBW systems and solutions are being developed to make this
information more easily available).

- The ISO standard 11992 (CANbus / EBS interface) included in regulation 2019/1213 (see
section 4.3) ensures that the data source for weighing calculations is standardised and
reliable across different vehicle types and manufacturers. This provides a valuable
opportunity for the application of Intelligent Access, as there will be a marginal extra cost
involved.

2. Real-time dynamic data

Gap identified: Inconsistent availability and network limitations

Real-time data, such as vehicle location, speed, and operational status, is fundamental for dynamic
Intelligent Access policies (although not all Intelligence Access implementations require real-time
data). However, this data often suffers from inconsistent availability, particularly in rural or remote
areas with poor network coverage. Additionally, the lack of interoperability among telematics providers
complicates data sharing and integration. The cost of enabling real-time data transmission, including
network upgrades and telematics systems, further exacerbates the gap.

3. Environmental impact data

Gap identified: Lack of standardisation and incomplete data sets

Data on vehicle emissions, fuel consumption, and environmental performance is vital for supporting
green access policies. However, such data often lacks standardisation, making it difficult to compare
or integrate across different systems and regions. Additionally, comprehensive environmental data is
often unavailable for older or retrofitted vehicles, limiting the scope of Intelligent Access policies
targeting emissions reductions.

4. Infrastructure condition data

Gap identified: Insufficient monitoring and high costs

Accurate and up-to-date data on road and bridge conditions (including bridge pavement strength) is
essential for matching vehicle performance to infrastructure capacity. However, many regions lack the
monitoring systems needed to collect this data comprehensively. High costs associated with deploying
sensors and maintaining data collection systems further contribute to this gap. Additionally, where
such data exists, it is often not integrated into Intelligent Access frameworks due to differing formats
and the lack of a unified data-sharing platform.
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5. Data privacy and security concerns

Gap identified: Resistance to data sharing

While data sharing is critical for the success of Intelligent Access systems, concerns over privacy and
competitive advantage frequently limit collaboration among stakeholders. Logistic operators and fleet
managers may hesitate to share sensitive data, such as vehicle routes or load information, due to
fears of misuse or competitive disadvantage. These concerns are compounded by a lack of robust
governance frameworks to ensure data protection and fair usage.

6. Standardisation across jurisdictions

Gap identified: Fragmented policies and systems

The absence of harmonised policies and data standards across different jurisdictions creates
significant barriers to the seamless implementation of Intelligent Access systems. Variability in how
data is categorised, collected, and interpreted limits the scalability of such systems, particularly for
cross-border operations. The lack of a unified framework for integrating data into a pan-European
Intelligent Access policy is a critical gap.

7. Cost and resource constraints

Gap identified: High implementation costs

Many of the gaps identified are underpinned by cost and resource constraints. Small and medium-
sized enterprises (SMEs) in the logistics sector often lack the financial resources to invest in
advanced telematics, OBW systems, or environmental monitoring devices. Additionally, public road
authorities face budgetary constraints that limit their ability to deploy the necessary infrastructure for
Intelligent Access policies.

5.2.3 Risks or implications of the data gaps
These gaps hinder the realisation of the full potential of Intelligent Access systems, impacting their
efficiency, scalability, and environmental benefits. For example:

- Operational efficiency: Limited access to dynamic and real-time data reduces the ability to
optimise vehicle routing and scheduling.

- Safety and infrastructure longevity: Inadequate monitoring of vehicle weights and
infrastructure conditions increases risks of overloading and structural damage.

- Environmental sustainability: The lack of comprehensive environmental data limits the
enforcement of green transport policies.

The following are potential mitigation measures for the data gaps:

- Investment in technology: Incentives for adopting OBW systems, telematics, and
environmental monitoring tools can reduce cost barriers.

- Standardisation efforts: Harmonising data formats, standards, and policies across
jurisdictions will enhance interoperability and scalability.

- Data governance: Establishing robust frameworks to ensure data privacy and fair usage can
address stakeholder concerns and encourage data sharing.

- Collaborative research: Joint efforts between public and private sectors can focus on
innovative, cost-effective solutions for data collection and integration.
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- Pilot programs: Targeted trials can help test and refine approaches to filling data gaps,
particularly in regions with limited resources.
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6. Intelligent Access building blocks

6.1 Introduction to the building blocks of Intelligent Access
Building blocks are a term used to help break down the complexities of Intelligent Access into more 
easily understandable and accessible chunks. They do not specify how something should be done but 
articulate what factors need to be considered. These building blocks provide a high-level perspective 
of things that need to be considered or actions that need to be taken to ensure Intelligent Access is 
built correctly, does what it’s meant to and no more, and does so legally and ethically.

The point is that the value that each block adds to a system will depend on the needs of that system 
and this will vary depending on the maturity of the work, the area of use, and other factors. Therefore, 
adequately addressing each building block will require some degree of engagement with experts, or 
reference to supporting materials, to ensure each building block is properly understood.

Figure 3: The building blocks of an Intelligent Access system
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Figure 3 provides an overview of the building blocks for Intelligent Access. Further details about each 
block are provided in the following sections. These building blocks form a framework for Intelligent 
Access, which will help road freight infrastructure to be better aligned with social and business goals.
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6.2 Start with the problem
The design of an Intelligent Access system should be in response to an issue and related NRA goal 
that is trying to tackle that issue.

6.2.1 What is the issue?
As with most initiatives, it is important to understand the issue it is trying to address. The most 
common issues are:

1. Casualties and fatalities: Freight traffic poses significant road safety risks due to the size, 
weight, and stopping distances of heavy vehicles. Collisions involving lorries often result in 
severe injuries or fatalities, particularly for vulnerable road users and occupants of smaller 
vehicles. Common causes include driver fatigue, poor visibility, mechanical failures, and 
unsafe manoeuvres. Improving safety measures through Intelligent Access, speed monitoring, 
and vehicle compliance can help mitigate these risks.

2. Asset defects: Heavy freight vehicles contribute to accelerated wear and tear on road 
infrastructure, leading to defects such as potholes, rutting, and bridge deterioration. 
Overloaded or improperly distributed cargo increases the strain on pavements and bridges, 
reducing their lifespan and increasing maintenance costs. Effective weight monitoring and 
route optimisation can help NRAs manage infrastructure resilience and minimise damage.

3. Emissions: Freight transport is a major contributor to CO₂, NOₓ, and particulate matter 
emissions, affecting air quality and climate change. Diesel-powered lorries are particularly 
responsible for pollution in urban areas and along major freight corridors. Strategies to reduce 
emissions include promoting low-emission zones, incentivising electric or hydrogen-powered 
trucks, optimising freight routes, and may include reducing congestion through Intelligent 
Access-based traffic management.

4. Journey time and journey time reliability: Delays and unpredictability in freight journeys 
lead to increased operational costs for logistics companies and inefficiencies in supply chains. 
Causes of unreliable journey times include congestion, roadworks, weather conditions, and 
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incidents. Intelligent Access can improve journey time reliability by providing dynamic traffic
control, route planning, and prioritised access for time-sensitive deliveries.

5. Cross-border delays: International freight movement face delays due to customs checks,
regulatory differences, and logistical inefficiencies at border crossings. These delays disrupt
supply chains, increase fuel consumption, and lead to driver fatigue. Standardised digital
documentation, harmonised regulatory frameworks, and Intelligent Access solutions could
streamline cross-border freight transport and reduce waiting times.

6. Non-compliance with freight regulations: Some transport operators fail to comply with
regulations regarding vehicle weight, emissions, speed limits, and driver working hours. Non-
compliance can lead to safety risks, unfair competition, and increased infrastructure damage.
Intelligent Access could improve enforcement by using telematics, geofencing, and real-time
vehicle monitoring to detect and prevent violations.

6.2.2 What is the NRA goal?
The issues will inherently have a related NRA goal. These goals will aim to tackle the issues. It is
possible that the Intelligent Access system may be designed to support multiple goals. New or more
specific goals may be created in response to new issues.

1. Optimise road network usage

 Enable efficient access for heavy vehicles, high-capacity vehicles, abnormal loads, and
dangerous goods.

 Promote seamless cross-border freight operations to enhance international logistics.

 Improve route planning, journey time reliability, and traffic control to minimise congestion
and delays.

2. Enhance environmental sustainability

 Reduce emissions and promote the use of clean, low-emission vehicles.

 Support environmental management and resource optimisation for greener logistics.

 Enable efficient fuelling and charging infrastructure for sustainable transportation.

3. Improve safety and compliance

 Ensure adherence to speed limits, weight limits, and other regulatory requirements.

 Enhance safety for all road users by monitoring vehicle compliance and managing
dangerous goods transport.

 Provide driver support to reduce human error and improve operational safety.

4. Strengthen infrastructure and asset management

 Minimise road wear and optimise asset management to prolong infrastructure lifespan.

 Support infrastructure planning and development through data-driven insights.

 Facilitate better management of vehicle parking and roadside facilities.

5. Boost operational efficiency
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 Streamline document processing for faster and unified transport operations.

 Improve fleet management and vehicle tracking for logistics optimisation.

 Support resource management by ensuring vehicles and infrastructure are used
effectively.

6. Level the playing field

 Ensuring that all freight operators compete fairly and adhere to consistent standards.

 Enforce consistent compliance with regulations (e.g. weight limits, emissions, access
restrictions) regardless of operator size or origin.

 Detect and penalise non-compliance using real-time monitoring and automated
enforcement, reducing the advantage of rule-breakers.

 Support smaller or compliant operators by reducing the enforcement burden and
simplifying digital permit processes.

 Enhance transparency of regulatory data and access conditions across regions and
borders.

7. Societal goals

 Aligning freight transport with broader public interests such as health, safety, and
sustainability.

 Reduce environmental impacts through emissions monitoring and low-emission zone
enforcement.

 Improve road safety by managing speed, overloading, and routing of high-risk or
dangerous goods vehicles.

 Minimise community disruption from freight traffic in sensitive urban areas via dynamic
access control.

 Contribute to national climate and energy targets by incentivising greener logistics and
cleaner fleets.

 Enhance public trust in road authorities by demonstrating proactive, data-driven
governance.
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6.3 Build the solution
Once the NRA goal is established, the appropriate combination of Access and Intelligence is defined. 
Access refers to the means or opportunity to enter or use the highway. Intelligence means the 
system can perceive and respond to the world around it, or it can learn, think, and adapt.

6.3.1 Chose a mechanism to manage the access
1. Policy-based mechanisms: NRAs can implement regulatory frameworks and guidelines to 

govern freight vehicle access:

 Access permits: Require permits for specific vehicle types (e.g., abnormal loads, 
dangerous goods, high-capacity vehicles) to ensure compliance with road access rules.

 Zoning policies: Define access restrictions based on location, time, and vehicle type 
(e.g., low-emission zones, urban delivery time windows).

 Weight and dimension limits: Set and enforce restrictions on vehicle weights and 
dimensions to protect infrastructure.

 Tolling and road pricing: Implement dynamic tolling based on vehicle weight, emissions, 
or time of use to incentivise sustainable behaviour.

2. Technology-driven mechanisms: Modern digital tools and telematics systems can enhance 
monitoring and control:

 Telematics: Used monitor and enforce access conditions, such as vehicle routes, 
weights, and compliance with speed limits.

 Geofencing: Establish virtual boundaries where vehicle access is restricted or controlled 
based on time, emissions, or cargo.

 Real-time data sharing: Require vehicles to share live data on location, speed, weight, 
and emissions for monitoring and control purposes.
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 Digital permit systems: Automate the application and approval of permits for specific
vehicles and loads.

 Automated enforcement: Deploy cameras, sensors, and ANPR (Automatic Number
Plate Recognition) to monitor compliance without physical stops.

3. Infrastructure management mechanisms: Optimising physical infrastructure helps regulate
access effectively:

 Designated routes: Assign specific routes for heavy vehicles, high-capacity vehicles,
and dangerous goods to minimise risks and infrastructure damage.

 Weigh-in-motion (WIM) systems: Install sensors to measure vehicle weights
dynamically and identify violations.

 Smart parking facilities: Provide parking zones for freight vehicles, integrated with real-
time availability and booking systems.

 Charging and fuelling infrastructure: Create dedicated stations for low-emission and
electric freight vehicles.

 Traffic flow optimisation: Use traffic signals and signage to prioritise freight vehicles on
key corridors or during specific times.

4. Operational and collaborative mechanisms: Coordinated operations and partnerships with
stakeholders ensure smoother implementation:

 Freight corridors: Develop dedicated freight corridors with managed access and support
services.

 Integrated freight platforms: Collaborate with logistics companies to share data and
coordinate vehicle movements.

 Cross-border agreements: Establish harmonised regulations and systems for seamless
international freight transport.

 Driver training and education: Promote compliance through awareness programmes
targeting drivers and transport operators.

5. Incentive-based mechanisms: Encouraging compliance through positive reinforcement can
improve outcomes:

 Subsidies and incentives: Offer financial benefits for adopting low-emission vehicles or
complying with access rules.

 Preferred access: Grant priority access to compliant vehicles (e.g. clean vehicles or
those with advanced telematics systems).

 Recognition programmes: Acknowledge companies demonstrating exemplary
compliance and sustainability practices.

6.3.2 Chose data to provide the intelligence
The intelligence part of an Intelligent Access system is produced by four key data pillars — Vehicle,
Goods, Roads, and Traffic — which collectively provide the essential data needed for Intelligent
Access to function effectively. These pillars integrate existing systems and data to ensure that
Intelligent Access builds on and optimises what already exists. Additionally, the biggest impact of
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Intelligent Access is realised during the planning stage, where data-driven insights inform decision-
making, rather than during transit.

1. Traffic data: Captures traffic patterns, incidents, and environmental conditions like weather,
enabling dynamic adjustments to Intelligent Access systems and predictive analytics for
smoother operations.

2. Infrastructure data: Includes digital representations of road networks, infrastructure
conditions, lane configurations, speed limits, and construction zones. Infrastructure data
supports route planning, congestion management, and safety protocols.

3. Vehicle data: Encompasses telematics information such as speed, location, axle load,
emissions, and operational conditions. This data forms the backbone of compliance checks,
monitoring, and predictive maintenance.

4. Cargo data: Provides insights into the type, weight, and destination of transported goods,
enabling optimised routing and regulatory compliance. This is especially critical for sensitive
or time-critical cargo.

By anchoring Intelligent Access on these four pillars, existing infrastructure, policies, and technologies
are leveraged effectively, reducing redundancy and increasing operational efficiency.

In addition, the intelligence should have processes for sharing data. Systems and protocols for
collecting data from telematics devices and transmitting it to central databases. This includes wireless
communication technologies such as cellular networks, satellite communication, and dedicated short-
range communication (DSRC). Efficient processes for sharing data are crucial to ensuring that
information flows seamlessly between different Intelligent Access stakeholders. This includes data
exchange between vehicle operators, infrastructure managers, and regulatory bodies. Streamlined
data-sharing processes allow Intelligent Access systems to operate cohesively across various
networks, making sure data is readily available for operational decisions and regulatory compliance.
The ISO 11992 and rFMS (revised Fleet Management System) standards are key frameworks for
enabling CANbus data sharing from heavy-duty vehicles to external systems such as third-party fleet
services or Intelligent Access platforms. ISO 11992 defines the communication protocol between
towing and towed vehicles (e.g. truck and trailer) via the CANbus, ensuring interoperability for key
vehicle parameters like weight, braking, and axle loads. The FMS standard – originally developed by
major truck manufacturers – specifies a common data interface (FMS Gateway) that makes selected
CANbus data (e.g. fuel consumption, speed, engine load) accessible in a standardised, non-
proprietary format. The revised FMS standard (rFMS) introduces remote access via web services
(API), allowing telematics data sharing with authorised third parties, including regulators or Intelligent
Access systems, while incorporating security and privacy controls. However, rFMS does not currently
specify access to axle weight data from a second trailer, which limits its effectiveness for multi-trailer
combinations. In addition, the frequency of weight data updates in rFMS is relatively low, reducing its
usefulness for effective monitoring and control by hauliers or public authorities. These limitations
highlight the need for complementary standards or enhancements to ensure Intelligent Access
systems can reliably support both regulatory oversight and operational efficiency in complex freight
operations.

Data from vehicles or telematics devices involves the collection of data from vehicles, such as
speed, location, and operational conditions, which is essential for monitoring and managing road
traffic and vehicle compliance. Onboard devices installed in vehicles that collect and transmit data
related to tolling, vehicle movements, driver behaviour, and compliance with regulations. These
devices include GNSS units, sensors, and communication modules. This information enables
intelligent decision-making in areas like traffic control and fleet management, forming the backbone of
an Intelligent Access system by providing data that supports analytics and predictive insights.
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The Information about Infrastructure is pivotal for Intelligent Access systems, providing
comprehensive and timely data about highways, traffic signals, construction zones, and other critical
infrastructure elements. This information enables Intelligent Access systems to deliver accurate and
timely guidance for route planning, traffic management, and incident response, enhancing overall
transportation efficiency and safety. By having up-to-date details on road conditions, closures, and
infrastructure changes, Intelligent Access can optimise traffic flows, reduce congestion, and promptly
address emergencies, thereby improving the reliability and responsiveness of transport networks.
Additionally, detailed infrastructure data supports predictive analytics, allowing Intelligent Access
systems to anticipate and mitigate potential disruptions before they impact traffic.

The necessity of this data lies in its ability to ensure that Intelligent Access systems are informed by
the latest infrastructure developments, facilitating seamless integration with existing transport
management frameworks. While significant strides have been made in collecting and disseminating
infrastructure information, there remains a need for more extensive and timely data coverage,
especially in rapidly developing urban areas and across diverse geographical regions. Enhanced
collaboration between governmental bodies, infrastructure providers, and Intelligent Access
developers is required to standardise data formats and improve data accessibility, ensuring that
Intelligent Access systems can leverage infrastructure information to its fullest potential.

The Digital Road Network is an essential component of Intelligent Access, providing a digital
representation of physical road infrastructure, including lane configurations, speed limits, traffic signs,
and navigational landmarks. This digital mapping allows Intelligent Access systems to interpret and
respond to real-world conditions accurately, enabling advanced functionalities such as dynamic route
optimisation, congestion management, and predictive maintenance of roads. By integrating with data
on traffic patterns and incidents, a digital road network enhances situational awareness for connected
vehicles and infrastructure systems, leading to smoother traffic flow and improved safety. The EU
regulation 2022/670 regarding real-time traffic information sets standards for this data, including the
requirement for it to be machine readable and for national road authorities to provide it. In addition,
under the ITS Directive, there is an obligation to establish agreements between public and private
service providers on minimum data quality by December 2025. This obligation is expected to provide
a trusted legal basis for advanced use cases such as highly automated route planning and
geofencing.

A comprehensive digital road network is particularly important for cross-border interoperability, as it
ensures that vehicles and systems from different regions can interpret road layouts and regulations
consistently. This building block also facilitates the integration of new technologies like autonomous
driving, where precise digital maps are critical for navigation and decision-making. While
advancements in digital road network mapping have been significant, especially in urban areas, there
remains a need for expanded and regularly updated digital road data, particularly in rural and less
mapped regions, to support a fully integrated Intelligent Access system.

Connectivity and coverage requirements —are fundamental to the effective implementation of
Intelligent Access. This connectivity enhances the accuracy and responsiveness of Intelligent Access
systems, enabling them to coordinate traffic flows, manage lane changes, and provide crucial alerts to
drivers. Connectivity is especially important for coordinating responses to unforeseen conditions, such
as adverse weather or sudden congestion, enhancing the safety and efficiency of transport networks.
As Intelligent Access systems grow, consistent and robust connectivity will remain critical, ensuring
that data flows seamlessly between various components, both within and across national boundaries,
to create a safer, more integrated transportation system.

As well as suitable connectivity technology, coverage of communications is also key. For example, the
ability to connect to 4G or 5G networks across Europe.

Interoperability and system integration are essential building blocks for Intelligent Access as they
ensure seamless interaction and compatibility across diverse systems, platforms, and devices. In an
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Intelligent Access framework, data must be able to flow reliably between different components—
whether they are access control systems, AI-driven analytics, or data management platforms—without
technical barriers. Interoperability allows systems to "speak the same language," enabling efficient
communication and data sharing across different technologies and networks. This compatibility
fosters a cohesive, user-friendly experience, where access is consistent regardless of location or
device. Furthermore, system integration brings together varied Intelligent Access elements, ensuring
they work in unison, thus reducing complexity for administrators, enhancing data accuracy, and
strengthening security protocols by preventing gaps that isolated systems might create. Ultimately,
interoperability and system integration not only drive the functionality and resilience of Intelligent
Access systems but also future proof them for technological advancements and scaling across global
regions.
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6.4 Checkpoint: Is there a legal basis?

Before implementing an Intelligent Access system, a NRA must establish the legal justification for its 
introduction. This involves demonstrating that the system serves a legitimate public interest, 
complies with legal principles, and aligns with existing regulatory frameworks. The following 
steps outline how an NRA can assess whether there is a legal justification for Intelligent Access:

1. Identify the legal basis for Intelligent Access implementation: The NRA must determine 
whether Intelligent Access is supported by existing laws or if new legislation is required. The 
legal basis could be derived from:

 Road traffic and transport laws: Do national laws permit digital monitoring and control 
of freight vehicle access? In the EU, this is established in EU regulation 96/53/EC 
Weights and dimensions. Member States are able to implement this through national 
regulations for exemptions.

 Infrastructure protection laws: Is Intelligent Access necessary to prevent excessive 
road wear, manage heavy vehicles, or protect critical infrastructure?

 Environmental regulations: Can Intelligent Access be justified under legal 
commitments to reduce emissions, air pollution, or congestion?

 Safety and public welfare laws: Does Intelligent Access support road safety, reduce 
collisions, or improve compliance with freight regulations?

If these laws already authorise access control and compliance monitoring, Intelligent Access 
could be justified as a modern enforcement mechanism.

2. Establish the legitimate public interest: To be legally justified, Intelligent Access must serve 
a clear public interest. Common justifications include:

 Road safety: Preventing overloaded or unsafe vehicles from using restricted roads.

 Infrastructure management: Reducing highway damage caused by excessive loads 
and unauthorised vehicles.
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 Environmental protection: Enforcing low-emission zones and reducing pollution from
freight traffic.

 Efficient transport operations: Ensuring fair competition and compliance among
transport operators.

 Cross-border harmonisation: Supporting seamless international freight operations
and compliance with EU or international transport agreements.

If Intelligent Access contributes to these objectives more effectively than existing methods, it
strengthens the legal justification.

3. Assess necessity and proportionality: Legal frameworks, particularly in Europe, require
that any regulatory intervention be necessary and proportionate to its objective. The NRA
should consider:

 Is Intelligent Access the least restrictive means to achieve the goal? If traditional
enforcement (e.g. roadside checks) is sufficient, Intelligent Access may not be justified.

 Does Intelligent Access create an undue burden on businesses? The system
should not disproportionately impact transport operators or small businesses.

 Are there alternative approaches? If similar objectives can be met with existing laws,
Intelligent Access may require stronger justification.

For example, if Intelligent Access only affects non-compliant operators and improves fairness
in enforcement, its justification becomes stronger.

4. Compliance with data protection and privacy laws: If Intelligent Access involves tracking
vehicles, collecting telematics data, or using automated enforcement, the NRA must ensure
compliance with privacy laws (e.g. GDPR in the EU). Key considerations include:

 Legal basis for data collection: Does the law allow the collection of vehicle, operator,
and driver data?

 Data minimisation: Is only the necessary data collected, and is it stored securely?

 Transparency and consent: Are operators informed about data usage, and do they
have rights over their data?

 Proportionality of surveillance: Does Intelligent Access avoid excessive monitoring
beyond what is needed for compliance?

If Intelligent Access respects privacy rights and provides safeguards, it is more likely to be
legally justified.

5. Ensure alignment with international and regional laws: For cross-border freight traffic,
Intelligent Access must align with:

 EU Transport and environmental regulations (if applicable).

 Bilateral and multilateral freight agreements.

 UNECE transport treaties (e.g. regulations on dangerous goods).

If Intelligent Access supports international regulatory compliance, its justification is stronger.

6. Conduct legal and public consultation: To reinforce legal justification, the NRA should:

 Consult legal experts to assess whether Intelligent Access complies with national and
international law.
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 Engage industry stakeholders (transport operators, logistics firms) to evaluate
economic and operational impacts.

 Consider public and political acceptance, ensuring Intelligent Access aligns with
public interest concerns.

If consultation identifies strong support and minimal legal objections, Intelligent Access is
more likely to be legally defensible.

If these criteria are met, the NRA may legally justify Intelligent Access as an essential tool for
modern road freight management.
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6.5 Factors to achieve success
These factors provide advantage, consent, and confidence. These are not part of an Intelligent 
Access system but are critical to the system's successful development and deployment. The success 
of Intelligent Access is reliant on this group of blocks being solid. Some of these blocks can be weaker 
than others.

1. Adaptability and scalability: Adaptability and scalability are essential building blocks and success 
factors for Intelligent Access because they enable Intelligent Access systems to evolve alongside 
changing technologies, user demands, and environmental conditions. Adaptability ensures that 
Intelligent Access solutions can integrate new features, update security measures, and respond to 
emerging threats or regulatory changes without requiring a complete system overhaul. 

This flexibility allows Intelligent Access to stay relevant and reliable as technologies like AI, IoT, and 
5G continue to advance. Scalability, on the other hand, is crucial for supporting growth in user 
numbers, data volumes, and access points without compromising performance or security. As 
Intelligent Access systems expand across locations, devices, and complex user needs, scalability 
allows them to handle increased loads seamlessly, ensuring consistent and efficient access 
experiences. Together, adaptability and scalability future-proof Intelligent Access systems, allowing 
organisations to maximise the long-term value and effectiveness of their access infrastructure while 
staying agile in a dynamic landscape.

2. Security and privacy management: Security and privacy management are crucial success factors 
and foundational building blocks for Intelligent Access, as they protect sensitive information, build user 
trust, and ensure compliance with regulatory standards. In Intelligent Access systems, vast amounts 
of data—often personal or sensitive—are processed and stored, making robust security protocols and 
privacy protections essential. Effective security management involves layers of defences, such as 
encryption, access controls, and continuous threat monitoring, to safeguard data from cyber threats 
and unauthorised access. 

Privacy management complements this by embedding privacy-by-design principles into Intelligent 
Access infrastructure, ensuring that users’ data is handled responsibly and transparently, which is vital 
for gaining trust and facilitating widespread adoption. Additionally, adherence to regulatory 
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frameworks like GDPR protects users and shields organisations from legal and financial
repercussions. Together, security and privacy management create a resilient Intelligent Access
system that prioritises user safety, aligns with global standards, and fosters a trusted environment
where users can confidently interact with Intelligent Access solutions.

3. Funding: The Funding building block is a fundamental element for the successful development,
deployment, and maintenance of Intelligent Access systems. Adequate funding ensures that
Intelligent Access projects have the necessary resources to support infrastructure investments,
technology upgrades, system integration, and ongoing operational costs. Funding also plays a critical
role in supporting research and development (R&D) efforts aimed at advancing Intelligent Access
technologies, such as data interoperability, cybersecurity measures, and advanced connectivity
features. A possible option to secure funding is through EETS.

Securing sustainable funding is essential not only for initial project rollouts but also for long-term
operational viability, particularly in cross-border contexts where standards and interoperable systems
are required. Funding from governmental bodies, private sector partnerships, and public-private
initiatives can foster innovation, while also ensuring compliance with regulatory requirements and
international standards.

However, the current funding landscape indicates a need for increased investment and broader
financial support, particularly for scaling Intelligent Access systems across regions and addressing
potential gaps in less developed areas. Expanding funding sources can accelerate Intelligent Access
adoption and support essential functions such as maintenance, workforce training, and system
updates, ensuring that Intelligent Access infrastructure can adapt to evolving technological and
regulatory environments.

4. Operational efficiency and reliability: Operational efficiency and reliability are critical success
factors and building blocks for Intelligent Access systems, ensuring that they perform consistently,
meet user expectations, and support seamless access experiences. Operational efficiency focuses on
optimising resources, such as processing power, storage, and bandwidth, to deliver quick response
times and minimise delays during access. This efficiency helps prevent bottlenecks, especially during
high-demand periods, and ensures that systems remain cost-effective while supporting rapid, timely
access.

Reliability, meanwhile, is vital for building trust and confidence in Intelligent Access systems by
ensuring continuous uptime and dependable access. Redundancy measures, backup systems, and
proactive maintenance are key components of reliability, preventing disruptions that could impact
productivity, security, and user satisfaction. Together, operational efficiency and reliability form the
backbone of Intelligent Access, providing a stable, high-performance environment that enhances user
trust, meets organisational needs, and supports sustainable growth and innovation.

5. User experience and accessibility: User experience (UX) and accessibility are pivotal success
factors for Intelligent Access, as they ensure that systems are intuitive, inclusive, and fully functional
for all users. A well-designed UX enables users to interact with Intelligent Access systems effortlessly,
reducing the likelihood of errors and fostering a smoother, more efficient access process. Accessible
design ensures that Intelligent Access solutions are usable by individuals of varying abilities, whether
they have physical disabilities, sensory impairments, or different technological proficiencies. By
focusing on accessibility, Intelligent Access systems accommodate a diverse range of users, providing
equal access and removing barriers that could limit functionality or adoption.

Additionally, clear and user-friendly interfaces, along with straightforward navigation, improve user
satisfaction and build trust, as people feel more comfortable and confident in the system. Together,
UX and accessibility enhance the overall effectiveness and inclusiveness of Intelligent Access, making
it more likely to succeed across varied environments and user demographics.
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6. Political Governance and Frameworks: Political governance establishes the legislative and
regulatory framework under which Intelligent Access systems operate. Supportive governance is
essential for setting Intelligent Access standards, ensuring compliance, and fostering cross-border
cooperation, making it a foundational element for scaling Intelligent Access to broader applications.
Governance frameworks differ across countries. NRAs, police, and local authorities may have
different powers in different jurisdictions. This creates a challenge for the Intelligent Access
architecture and the allocation of responsibilities.

7. Awareness Raising / stakeholder collaboration and engagement: The Awareness Raising
building block is critical for promoting understanding and adoption of Intelligent Access systems
across diverse stakeholder groups, including government bodies, transport operators, and the general
public. Raising awareness helps communicate the benefits, applications, and operational standards of
Intelligent Access, ensuring that stakeholders are informed about how Intelligent Access improves
safety, efficiency, and environmental sustainability within transport systems. By educating
stakeholders on the capabilities of Intelligent Access – such as optimising traffic flows, reducing
emissions, and enhancing road safety – awareness efforts can foster collaboration and gain support
for Intelligent Access initiatives.

Awareness raising also supports regulatory compliance and aligns stakeholders on data privacy,
security, and interoperability standards, which are vital for the success of Intelligent Access.
Increasing familiarity with Intelligent Access technology encourages buy-in from decision-makers and
users, paving the way for smoother implementation and greater public acceptance. Though some
awareness initiatives exist, there remains a significant need for structured, ongoing campaigns and
educational programs to clarify the role of Intelligent Access in smart transport infrastructure and to
bridge knowledge gaps among stakeholders.
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6.6 Cross-border enablers
These blocks are required to realise the potential of Intelligent Access through cross-border 
implementation. They need expertise and enterprise. These are the things that bring everything 
together and are required to deliver Intelligent Access at scale.

1. Standardisation and certification: Standardisation and certification are foundational building 
blocks for Intelligent Access in cross-border environments, as they establish consistent protocols, 
quality benchmarks, and trusted practices essential for global interoperability. Standardisation ensures 
that Intelligent Access systems, regardless of origin, follow common specifications for data exchange, 
security, and access controls, allowing seamless integration across different regulations and 
technologies.  An example is EETS. This uniformity reduces complexity, speeds up deployment, and 
prevents compatibility issues, making it easier for multinational organisations to implement Intelligent 
Access solutions consistently.

Certification, on the other hand, provides formal validation that Intelligent Access systems meet 
specific international standards for security, privacy, and reliability, fostering trust among users and 
partners. With certified Intelligent Access solutions, stakeholders are assured that the systems adhere 
to rigorous criteria, which is particularly vital when handling sensitive data across borders. Together, 
standardisation and certification promote a unified framework, reducing operational risks and ensuring 
Intelligent Access systems can operate securely and efficiently in a global context.

2. Technological innovation and adoption: Technological innovation and adoption are fundamental 
building blocks for Intelligent Access as a cross-border enabler because they provide the tools and 
frameworks necessary to streamline operations across diverse markets. By leveraging advanced 
technologies such as AI, machine learning, and robotic process automation (RPA), businesses can 
standardise processes, improve efficiency, and reduce operational costs globally. This enables 
seamless collaboration and data exchange between regions, overcoming barriers such as time zones, 
language differences, and regulatory complexities. Through the automation of repetitive tasks and 
optimisation of workflows, companies can enhance their ability to scale operations, deliver consistent 
service quality, and respond quickly to market demands across borders, fostering international growth 
and competitiveness.
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3. Data standards and security: This building block is essential for Intelligent Access systems,
ensuring consistent, high-quality data that is reliable and protected. Data standards establish uniform
protocols for collecting, structuring, and sharing information across Intelligent Access networks,
making it possible for systems from various regions or providers to integrate and communicate
seamlessly. This interoperability is crucial for applications like cross-border logistics, where data
consistency allows accurate tracking, compliance, and efficient information sharing. Security within
this framework ensures the protection of sensitive data, such as vehicle identifiers and location
information, by safeguarding it from breaches and unauthorised access, which is vital for maintaining
user privacy and operational integrity. Secure data management in Intelligent Access builds trust
among stakeholders by aligning with regulatory requirements like GDPR and by incorporating
advanced encryption and access controls. Although progress has been made in Intelligent Access
data standardisation and security, further refinement is necessary to meet evolving interoperability
and cybersecurity demands, especially as Intelligent Access systems grow in scale and complexity.

4. Multimodal Electronic Traffic Regulations (METR): METR refers to regulations governing the
sharing and usage of electronic traffic data across multiple transport modes. This supports seamless
data flow across systems, helping Intelligent Access systems integrate with other transportation
networks and creating a unified traffic management approach that enhances overall efficiency and
compliance with multimodal transport standards.

5. Global collaboration and partnerships: Global collaboration and partnerships are essential
building blocks for Intelligent Access in cross-border environments, as they foster the alignment,
interoperability, and innovation needed to create seamless, secure access systems across regions. In
an interconnected world, Intelligent Access systems must work across varying legal, technical, and
cultural landscapes, making collaboration between governments, regulatory bodies, and technology
providers crucial. These partnerships enable the creation of unified standards, shared best practices,
and compatible technologies, helping Intelligent Access systems operate consistently across borders.
Working together also drives innovation, allowing stakeholders to co-develop advanced security,
privacy, and data-sharing protocols that respect diverse regulations while safeguarding user data.
Additionally, cross-border partnerships allow for pooled resources and shared expertise, enabling
organisations to address complex challenges more effectively than they could alone. By promoting
global alignment and facilitating smooth interoperability, collaboration and partnerships empower
Intelligent Access systems to support safe, efficient access on a global scale.

6. Language-independent solutions: Language-independent solutions are a critical building block
for Intelligent Access as a cross-border enabler because they facilitate seamless operations across
diverse linguistic and cultural landscapes. These solutions can help bridge communication gaps and
standardise processes regardless of language differences. Language independence allows Intelligent
Access systems to scale more easily in international markets, enabling organisations to maintain
consistency, ensure regulatory compliance, and optimise operations without the need for region-
specific adaptations. This flexibility fosters greater agility in cross-border expansion and creates
efficiencies that are critical to staying competitive in a global marketplace.

7. Training and capacity building: Training and capacity building are essential components in the
successful adoption and implementation of Intelligent Access, particularly when scaling across
borders. By equipping employees with the necessary skills and knowledge, organisations can ensure
that they are not only able to utilise new technologies effectively but also adapt to evolving digital
landscapes. Training programmes focused on Intelligent Access tools and techniques, as well as
fostering an understanding of global market dynamics, empower staff to leverage automation in a way
that aligns with the organisation's strategic goals. Capacity building goes beyond technical skills; it 
involves fostering a culture of continuous learning, where employees are encouraged to innovate,
collaborate, and problem-solve. This enables organisations to drive sustainable growth, build
resilience across borders, and maximise the potential of Intelligent Access solutions, while
maintaining consistency and quality in a global context.
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Appendix A. Detailed answers to research questions
How can Intelligent Access be used to manage assets more effectively –
including optimal use, and assistance with maintenance?
Based on the general principles and objectives of Intelligent Access discussed in the literature, there
are several ways in which Intelligent Access might be used to manage assets more effectively:

1. Monitoring: Intelligent Access systems use telematics and data analytics to provide timely
monitoring of vehicles and infrastructure. This allows for immediate detection of any issues or
inefficiencies, enabling timely interventions and maintenance.

2. Optimised routing: By ensuring that the right vehicle is on the right road at the right time,
Intelligent Access can optimise routing for freight and heavy vehicles. This reduces wear and
tear on infrastructure and ensures that assets are used more efficiently.

3. Data-driven decision making: The data collected through Intelligent Access systems can be
analysed to inform decision-making processes. This includes identifying trends, predicting
maintenance needs, and planning infrastructure investments more effectively.

4. Enhanced compliance and safety: Intelligent Access systems can ensure compliance with
regulatory requirements, such as weight limits and route restrictions. This enhances safety
and reduces the risk of damage to infrastructure, thereby prolonging the lifespan of assets.

5. Resource allocation: By providing detailed insights into the usage and condition of assets,
Intelligent Access systems enable more effective allocation of resources. This includes
prioritising maintenance activities and optimising the deployment of vehicles and equipment.

6. Sustainability goals: Intelligent Access can contribute to sustainability goals by reducing fuel
consumption and emissions through optimised routing and efficient asset utilisation. This not
only benefits the environment but also reduces operational costs.

Examples of the use of Intelligent Access in the effective management of assets include the Australian
Intelligent Access Programme (IAP), which involves the electronic monitoring of vehicle movements
24/7, including compliance to speed, time of travel, vehicle weight and route travelled [98]. Such
programmes also enable predictive maintenance.

These points highlight how Intelligent Access can be leveraged to manage assets more effectively,
ensuring that infrastructure and vehicles are used optimally, maintained proactively, and aligned with
regulatory and sustainability objectives.

How can Intelligent Access be used to manage traffic better – including self-
management?
The literature claims several ways in which Intelligent Access might be leveraged to better manage
traffic, ensuring smoother flow, enhanced safety, and more efficient use of road infrastructure better
manage traffic:

1. Traffic monitoring: Intelligent Access systems use telematics and data analytics to provide
timely monitoring of traffic conditions. This allows for immediate detection of congestion,
accidents, or other disruptions, enabling quick responses to manage traffic flow.

2. Dynamic routing: By using real-time data, Intelligent Access systems can dynamically route
vehicles to less congested roads. This helps to distribute traffic more evenly across the
network, reducing bottlenecks and improving overall traffic flow.

3. Priority access for certain vehicles: Intelligent Access can be used to grant priority access
to certain types of vehicles, such as emergency services or public transport. This ensures that
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critical services can move through traffic more efficiently, improving response times and
service reliability.

4. Traffic signal optimisation: Intelligent Access systems can be integrated with traffic signal
control systems to optimise signal timings based on real-time traffic conditions. This can help
to reduce waiting times at intersections and improve the overall efficiency of traffic flow.

5. Incident management: In the event of an incident, Intelligent Access systems can provide
detailed information to traffic management centres, enabling them to coordinate responses
more effectively. This includes deploying emergency services, setting up detours, and
informing the public about alternative routes.

6. Data-driven traffic planning: The data collected through Intelligent Access systems can be
analysed to inform long-term traffic planning and infrastructure development. This includes
identifying trends, forecasting future traffic patterns, and planning road improvements to
accommodate growing traffic volumes.

7. Enhanced compliance and enforcement: Intelligent Access systems can monitor
compliance with traffic regulations, such as speed limits and restricted zones. This helps to
enforce traffic laws more effectively, improving safety and reducing the risk of accidents.

8. Public information and alerts: Intelligent Access systems can provide real-time traffic
information and alerts to the public through various channels, such as mobile apps and
electronic road signs. This helps drivers make informed decisions about their routes, reducing
congestion and improving travel times.

Aspects of Intelligent Access have been successfully used in traffic management in locations including
Ontario (to provide real-time information about traffic incidents), Amsterdam (for resolving traffic jams),
and Copenhagen (to prioritise public transport) [67].

How can Intelligent Access be used to make roads safer?
The literature outlines how Intelligent Access might be used to enhance road safety, ensuring that
vehicles operate within safe parameters, hazards are promptly addressed, and infrastructure
improvements are data-driven and targeted:

1. Monitoring and alerts: Intelligent Access systems use telematics to monitor vehicle
movements and road conditions in real-time or near-real-time. This allows for immediate
detection of hazardous situations, such as accidents or road obstructions, and the issuance of
alerts to drivers and traffic management centres.

2. Compliance with safety regulations: Intelligent Access ensures that vehicles comply with
safety regulations, such as weight limits, speed limits, and designated routes. This reduces
the risk of accidents caused by overloaded or speeding vehicles and ensures that vehicles
are operating on suitable roads.

3. Enhanced vehicle tracking: By tracking the location and status of vehicles, Intelligent
Access systems can identify risky driving behaviours, such as harsh braking or rapid
acceleration. This information can be used to provide feedback to drivers and promote safer
driving practices.

4. Priority access for emergency vehicles: Intelligent Access can grant priority access to
emergency vehicles, ensuring they can reach incident sites quickly and efficiently. This
improves response times and enhances the overall safety of road users.

5. Dynamic traffic management: Intelligent Access systems can dynamically manage traffic
flow based on real-time data, reducing congestion and the likelihood of accidents. For
example, adjusting traffic signal timings or rerouting traffic away from accident-prone areas.
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6. Data-driven safety improvements: The data collected through Intelligent Access systems
can be analysed to identify high-risk areas and patterns of unsafe behaviour. This information
can inform infrastructure improvements, such as better signage, road design changes, or
targeted enforcement actions.

7. Geofencing and restricted zones: Intelligent Access can implement geofencing to create
restricted zones where only authorised vehicles are allowed. This can be used to keep heavy
vehicles out of residential areas or sensitive zones, reducing the risk of accidents and
enhancing pedestrian safety.

8. Driver assistance systems: Intelligent Access can integrate with advanced driver assistance
systems (ADAS) to provide real-time guidance and warnings to drivers. For example, alerting
drivers to upcoming hazards, road conditions, or changes in traffic regulations.

9. Incident response coordination: In the event of an incident, Intelligent Access systems can
provide detailed information to emergency responders, enabling them to coordinate their
response more effectively. This includes real-time location data, traffic conditions, and the
status of other vehicles in the area.

The concept of Intelligent Access can be extended to include autonomous vehicles. In the UK, the
Automated Vehicles Act (AV Act) governs the safe operation [92]. Self-driving technology, together
with automated vehicle safety checks before each drive, can offer an improvement to road safety by
eliminating human error, which is presently responsible for 88% of road collisions, and reducing the
probability of mechanical failure.

How can Intelligent Access be used to make optimal use of the limited road
network capacity?
Based on the general principles and objectives of Intelligent Access discussed in the literature, there
are various ways Intelligent Access may be used to optimise the use of limited road network capacity,
ensuring that traffic is managed efficiently, congestion is minimised, and infrastructure is used to its
fullest potential:

1. Dynamic routing and traffic management: Intelligent Access systems can dynamically
route vehicles based on real-time traffic data, ensuring that traffic is evenly distributed across
the road network. This helps to prevent congestion and makes more efficient use of available
road capacity.

2. Prioritisation of high-capacity vehicles: By prioritising access for high-capacity and high-
productivity vehicles, Intelligent Access systems can maximise the amount of goods
transported per trip. This reduces the number of trips needed, thereby freeing up road
capacity for other users.

3. Time-based access control: Intelligent Access can implement time-based access control,
allowing certain types of vehicles to use specific roads during off-peak hours. This helps to
spread traffic demand more evenly throughout the day, reducing peak-time congestion.

4. Geofencing and restricted zones: Intelligent Access can create geofenced areas where
only certain types of vehicles are allowed. This ensures that heavy vehicles use designated
routes, preventing them from contributing to congestion in sensitive or high-traffic areas.

5. Real-time traffic information and alerts: Providing real-time traffic information and alerts to
drivers helps them make informed decisions about their routes. This can reduce the likelihood
of congestion and ensure that road capacity is used more efficiently.

6. Optimised traffic signal control: Intelligent Access systems can integrate with traffic signal
control systems to optimise signal timings based on real-time traffic conditions. This reduces
waiting times at intersections and improves the overall flow of traffic.
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7. Data-driven infrastructure planning: The data collected through Intelligent Access systems
can be analysed to identify patterns of road usage and areas of congestion. This information
can inform infrastructure planning and investment, ensuring that road capacity is expanded
where it is most needed.

8. Load balancing across the network: By monitoring the load on different parts of the road
network, Intelligent Access systems can balance traffic across multiple routes. This prevents
overloading of specific roads and makes better use of the entire network.

9. Enhanced freight logistics: Intelligent Access can improve the efficiency of freight logistics
by optimising delivery routes and schedules. This reduces the number of vehicles on the road
at any given time and ensures that road capacity is used more effectively.

10. Incident management and rapid response: In the event of an incident, Intelligent Access
systems can quickly reroute traffic and deploy emergency services. This minimises the impact
of incidents on road capacity and ensures that traffic continues to flow smoothly.

Intelligent Access could compliment other initiatives aiming to enhance the use of limited road network
capacity by enabling dynamic congestion pricing (adjustment of tolls to discourage peak-time travel),
lane management (for example reversible lanes), ‘smart’ traffic signals which prioritise high-demand
routes to reduce overall delays, and route optimisation algorithms for even distribution of traffic [18].

How can Intelligent Access support the efficient use of electric vehicles,
through effective use of working time limits?
The literature highlights how Intelligent Access can be leveraged to support the efficient use of electric
vehicles, ensuring that they are integrated seamlessly into the transport network, used optimally, and
supported by the necessary infrastructure and incentives:

1. Optimised routing for EVs: Intelligent Access systems can provide optimised routing for
electric vehicles, considering factors such as battery range, charging station locations, and
real-time traffic conditions. This ensures that EVs can travel efficiently without running out of
charge.

2. Integration with charging infrastructure: Intelligent Access can integrate with EV charging
infrastructure to provide real-time information on the availability and status of charging
stations. This helps EV drivers plan their routes, and charging stops more effectively, reducing
downtime and ensuring efficient use of charging resources.

3. Priority access for EVs: Intelligent Access systems can grant priority access to electric
vehicles in certain areas, such as low-emission zones or dedicated EV lanes. This
encourages the use of EVs and ensures that they can travel more efficiently through
congested areas.

4. Energy-efficient driving guidance: By providing real-time driving guidance and feedback,
Intelligent Access systems can help EV drivers adopt energy-efficient driving practices. This
includes optimising speed, acceleration, and braking to maximise battery life and reduce
energy consumption.

5. Data-driven infrastructure planning: The data collected through Intelligent Access systems
can be analysed to identify patterns of EV usage and demand for charging infrastructure. This
information can inform the planning and deployment of charging stations, ensuring that they
are located where they are most needed.

6. Dynamic load management: Intelligent Access can support dynamic load management by
coordinating the charging of multiple EVs to avoid overloading the grid. This ensures that
charging is done efficiently and sustainably, minimising the impact on the electrical grid.
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7. Enhanced fleet management: For fleets of electric vehicles, Intelligent Access systems can
provide detailed insights into vehicle usage, battery health, and maintenance needs. This
helps fleet operators manage their EVs more efficiently, ensuring optimal performance and
reducing operational costs.

8. Incentives for EV adoption: Intelligent Access can be used to implement incentives for EV
adoption, such as reduced tolls, access to priority lanes, or exemptions from certain
restrictions. This encourages more drivers to switch to electric vehicles, supporting broader
sustainability goals.

9. Real-time monitoring and alerts: Intelligent Access systems can monitor the status of EVs
in real-time and provide alerts for potential issues, such as low battery levels or maintenance
needs. This ensures that EVs are always in optimal condition and can be used efficiently.

10. Support for autonomous EVs: As autonomous electric vehicles become more prevalent,
Intelligent Access systems can provide the necessary infrastructure and data support for their
efficient operation. This includes real-time traffic data, optimised routing, and integration with
charging infrastructure.

How can Intelligent Access be used to tackle the main challenges in
decarbonising road freight transport (reduce emissions, encourage
multimodality)? (including inter- and multi-modality)
Based on the principles and objectives of Intelligent Access discussed in the literature, there are
several ways Intelligent Access can be used to tackle the main challenges in decarbonising road
freight transport, ensuring that emissions are reduced, and multimodality is encouraged through
optimised routing, monitoring, and integration with other transport modes:

1. Optimised routing for reduced emissions: Intelligent Access systems can optimise routing
for freight vehicles to minimise fuel consumption and emissions. By avoiding congested
routes and selecting the most efficient paths, these systems can significantly reduce the
carbon footprint of road freight transport.

2. Integration with low-emission zones: Intelligent Access can manage access to low-
emission zones, ensuring that only compliant vehicles are allowed entry. This encourages the
use of cleaner vehicles and helps to reduce emissions in urban areas.

3. Emission monitoring: By equipping vehicles with emission monitoring devices, Intelligent
Access systems can track and report emissions data. This information can be used to enforce
emission standards and identify high-emission vehicles for maintenance or replacement.

4. Support for electric and alternative fuel vehicles: Intelligent Access systems can provide
optimised routing and charging infrastructure support for electric and alternative fuel vehicles.
This includes information on charging station availability and integration with dynamic load
management systems to ensure efficient charging.

5. Encouraging multimodality: Intelligent Access can facilitate the integration of road freight
transport with other modes of transport, such as rail and waterways. By providing data and
coordination, these systems can optimise the transfer of goods between different transport
modes, reducing reliance on road transport and lowering emissions.

6. Dynamic load management: Intelligent Access systems can coordinate the loading and
unloading of freight vehicles to ensure optimal load distribution. This reduces the number of
trips needed and improves fuel efficiency, contributing to lower emissions.

7. Data-driven decision making: The data collected through Intelligent Access systems can be
analysed to identify trends and patterns in freight transport. This information can inform policy
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decisions and infrastructure investments aimed at reducing emissions and promoting
multimodality.

8. Incentives for low-emission vehicles: Intelligent Access can be used to implement
incentives for the use of low-emission vehicles, such as reduced tolls, priority access, or
exemptions from certain restrictions. This encourages the adoption of cleaner technologies in
the freight sector.

9. Geofencing for emission control: Intelligent Access can implement geofencing to create
zones where only low-emission vehicles are allowed. This helps to control emissions in
sensitive areas and promotes the use of cleaner vehicles.

10. Intermodal hubs and coordination: Intelligent Access systems can support the
development and operation of intermodal hubs, where goods can be efficiently transferred
between road, rail, and water transport. By coordinating schedules and providing real-time
data, these systems can enhance the efficiency and sustainability of multimodal transport
networks.

Other related initiatives include the Greening Freight package from the European Commission – a
new proposal adopted to combine transport modes for more sustainable freight [37]. Enabled by the
sharing of Electronic Freight Transport Information (eFTI) [86], this will target support to freight
operations having the highest potential for carbon reduction by the switching of transport modes (e.g.
part of the route transferred to rail or barge).

Battery Electric Trucks (BET) can be integrated with ITS to optimise routes and charging schedules,
reducing downtime and improving efficiency. However, challenges include the size and weight of
batteries, long charging times, and the need for a widespread network of high-power charging points.
Hydrogen Fuel Cell trucks (FCET) would require a network of fuel storage and suppliers [53].

For fuel consumption reduction, systems can provide drivers with real-time feedback on driving
behaviour, promoting fuel-efficient driving practices. It can also be used to optimise logistics (for
example, route optimisation) including truck platooning, in which multiple trucks travel closely
together, reducing air resistance.

Developments in all these areas are ongoing, and progress in all areas will be required to enable the
necessary carbon reductions to be made [100]. In the UK, the government has invested £200 million
to develop electric HGVs and charging infrastructure. Intelligent Access could help to optimise routes
and charging schedules, reducing downtime and improving efficiency [49].

In the USA, the National Blueprint for Transportation Decorbonization is a comprehensive strategy for
decarbonising the entire Transport sector, including freight [104]. Other strategies include the Avoid-
Shift-Improve (ASI) framework and Decarbonization Pathways. The U.S. government is encouraging
the use of low emissions transport including hydrogen, electric, and bio-fuelled vehicles.

How can Intelligent Access support compliance with regulations?
The literature outlines various ways Intelligent Access can be leveraged to support compliance with
regulations, ensuring that vehicles operate within legal parameters, and regulatory requirements are
met through monitoring, automated checks, and data integration:

1. Monitoring and reporting: Intelligent Access systems use telematics to monitor vehicle
movements and operations in real-time or near-real-time. This allows for the immediate
detection of any non-compliance with regulations, such as exceeding speed limits,
overloading, or deviating from approved routes. The data can be reported to regulatory
authorities for enforcement.

2. Automated compliance checks: Intelligent Access systems can perform automated
compliance checks against regulatory requirements. This includes verifying that vehicles meet
weight, dimension, and emission standards before granting access to specific roads or zones.
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3. Geofencing for restricted areas: Intelligent Access can implement geofencing to create
restricted areas where only compliant vehicles are allowed. This ensures that vehicles
entering low-emission zones, residential areas, or sensitive locations meet all regulatory
requirements.

4. Driver alerts and notifications: Intelligent Access systems can provide real-time alerts and
notifications to drivers regarding regulatory requirements. For example, drivers can be alerted
to upcoming speed limits, weight restrictions, or route changes, ensuring they remain
compliant.

5. Data integration with regulatory systems: Intelligent Access systems can integrate with
regulatory databases and systems to streamline compliance processes. This includes sharing
data on vehicle inspections, permits, and certifications, making it easier for authorities to
verify compliance.

6. Enhanced record-keeping: The data collected through Intelligent Access systems can be
used to maintain detailed records of vehicle operations and compliance. This provides a
transparent and auditable trail that can be used for regulatory reporting and inspections.

7. Support for electronic logging devices: Intelligent Access can support the use of electronic
logging devices (ELDs) to track driver hours of service (HOS) and ensure compliance with
regulations on driving and rest times. This helps to prevent driver fatigue and enhances road
safety.

8. Compliance incentives: Intelligent Access systems can be used to implement incentives for
compliance, such as reduced tolls or priority access for vehicles that meet regulatory
standards. This encourages operators to adhere to regulations and invest in compliant
technologies.

9. Training and education: Intelligent Access can provide training and educational resources to
drivers and operators on regulatory requirements and best practices for compliance. This
helps to ensure that all stakeholders are aware of and adhere to the relevant regulations.

10. Incident reporting and management: In the event of a regulatory violation or incident,
Intelligent Access systems can provide detailed reports and data to authorities. This includes
information on the location, time, and nature of the violation, enabling prompt and effective
enforcement actions.

Notably, in the European Union, from 21 August 2024, all Freight Transport Information (FTI) must be
handled electronically (eFTI). There is further information about the potential legal challenges and the
legal basis for Intelligent Access in sections 4.2.2 and 4.3.
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[38]. European Electronic Toll Service (EETS): Rolling
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[73]. Kravspecifikation för Intelligent Tillträdeskontroll
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[95]. Strengthening Public-Private Cooperation with
Civil Society
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Appendix C. Data gap analysis of data systems relevant
to Intelligent Access

The pages below provide detailed summaries of the data systems and technologies that already exist
that may provide useful data for an Intelligent Access implementation. Each summary provides a
description of the system or technology, the data types involved, potential Intelligent Access
applications the data may be useful for, an evaluation of the data against a set of gap criteria, and a
commentary about the data gap.
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