
 
 

 

DETAILS 

SECTOR | Transport 

STAGE | Operations 

TECHNOLOGIES | Applications, Bluetooth/Wi-Fi, 4G/5G Networks, Sensors 

SUMMARY 

A Smart Motorway is a section of a motorway that uses traffic management methods, involving information, 

communications and control systems incorporated in to and alongside the road, to improve road safety, increase 

capacity and reduce congestion in particularly busy areas. This increasingly involves the utilisation of 

Cooperative Intelligent Transport Systems (C-ITS). 

C-ITS are emerging technologies that allow road users and roadside 

infrastructure to share information with each other. Connectivity can be 

primarily between vehicles (See also the Vehicle to Vehicle (V2V) 

Connectivity use case) or between vehicles and infrastructure (V2I). Smart 

motorways can achieve their goals of traffic optimisation through the use 

of integrated package of V2I: coordinated traffic signalling, speed and 

lane use management, traveller information (using variable message 

signs) and network intelligence. 

Smart Motorway V2I technologies relies on 

a series of sensors and communications 

networks to collect and send the relevant 

traffic information to an automated traffic 

control centre, that will then regulate 

automatically the smart motorway. The 

sensors embedded in the road or located on 

the roadside are vehicle identifiers, vehicle 

detectors, ramp and traffic signal 

controllers, and traffic monitoring cameras. 

The information will be sent back to 

regulate the traffic through variable message signs, speed limit signs, etc. (as per the figure on the left – source 

Transmax). 

For example, a communications unit installed along the side of the road could help provide improved location 

services to vehicles, control traffic signalling, and optimise traffic flow. Roadworks sites are an example where 

V2I technologies will likely be essential, at least in the medium term. At present, most countries have systems 

to register and manage roadworks that are linked to mapping systems, but do not always reflect road conditions 



 
 

 

on a given day. A V2I response would be able to provide information to vehicles encountering roadworks, 

allowing them to respond appropriately.  

Road accidents have major and long-lasting impacts on communities, as well as on infrastructure and its costs. 

V2I solutions have been developed to reduce road traffic accidents and improve capacity efficiency. Smart 

motorways using V2I, provide more efficient traffic management in a way that minimises environmental impact, 

cost, and time to construct by avoiding the need to build additional lanes. In 2020, Highways England published 

statistics from data it had gathered since the first smart motorway opened in 2006 that showed journey 

reliability had improved by 22% and personal injury accidents had been reduced by more than 50%1 

V2I can provide essential information on road conditions and traffic flows, while vehicles communicating with 

each other provide an additional layer of safety (see also the Vehicle to Vehicle (V2V) Connectivity use case). In 

urban environments or on arterial roads, other vehicles using the roads, such as cyclists, can be detected through 

additional sensors (smart street lights, Bluetooth sensors at traffic signals, etc.), and the traffic will be adjusted 

accordingly, taking into account the specific requirements related to their safety2. 

 

VALUE CREATED 

Improving efficiency and reducing costs: 

• Improve utilization of existing infrastructure  

• Enable informed and rapid decision-making through data collection, thus minimising disruption of 

infrastructure while leveraging existing road infrastructure and making traffic flows and multimodal 

integration more efficient 

Enhancing economic, social and environmental value: 

• Improve road safety and reduce congestion (generating safety savings) to improve connectivity and 

infrastructure/traffic management  

• Enable longer term infrastructure investments through data collected and more efficient demand 

management, removing the need for additional ‘immediate’ capacity improvement 

• Install IoT and connected assets from other sectors (such as for water/flood monitoring, weather 

monitoring), alongside the Smart Motorways: this IoT has the opportunity to ‘plug-in’ to the usually 

not-fully utilised communications networks implemented for V2I operations. 

 

POLICY TOOLS AND LEVERS 

Legislation and regulation: A diverse range of stakeholders need to cooperate; mobility regulators, 

telecommunications operators, manufacturers and technology providers in order to maximise the benefits of 

V2I. Policies and regulations should be developed for construction of smart motorways aligned with government 

transport strategies that meet the global standards for V2I and local safety requirements.  

Effective institutions: Government must ensure it can affect necessary change in the market to support the 
upholding of public value: the connected aspects of V2I solutions and the use of data should provide a benefit 
to the user who is ‘agreeing’ to share their data. This should be established and communicated to the population. 
Government should also define the vision and set the incentives and metrics by which success is measured: 
short- and long-range capital budgets and justifications into the major infrastructure programs, including full 
scope, schedule, budget, and identification of project delivery teams.  

Transition of workforce capabilities: Highway traffic officer patrols should be trained on the use of V2I data to 

utilise improved enforcement data (for example traffic monitoring cameras located at two points of the Smart 

Motorway give an estimate of specific vehicle speeds and can be communicated to the officers in real-time, 

 
1 Highways England, Accessed 19 May 2020. 
2 Note: the technology that enables cars to ‘talk’ to other road users, referred to as ‘vehicle-to-everything’ (V2X 
or V2P) is not considered in this use case. 

https://highwaysengland.co.uk/programmes/smart-motorways/


 
 

 

when a vehicle goes over the limit) and better monitor smart motorways performance. Additionally, during the 

development phase of smart motorways, the road authorities should have representatives trained to facilitate 

community engagement, increase public awareness and the understanding of smart motorways.  

Funding and Financing:  Governments can enable research programs to encourage the development of the V2I 

technology to reach the expected performances. As road traffic accidents have a high cost for governments, the 

savings provided by the use of V2I justify the investment in research programs to make V2I more performant 

and scalable. The European Commission has developed a C-ITS research program to enable European 

governments and Industrials to better communicate and engage to make V2I more reliable. 

 

IMPLEMENTATION 

Ease of Implementation 

 

Successful utilisation of V2I and Smart Motorway technology requires 
implementation at scale. Procurement and installation can therefore be a 
significant undertaking. Additionally, the certification process of ‘fit-for-
purpose’ V2I solutions are today not entirely defined or standardised and will 
require further regulation development. Basic international standards exist 
for V2I technologies, focussed on safety requirements, basic communications, 
and the minimum level of data for traffic optimisation. Most elements of V2I 
technologies are therefore developed to meet local requirements 
ungoverned by international standards. This lack of international 
standardisation does not affect the use of V2I technologies on Smart 
Motorways in local settings. Over the long-term a key objective should be to 
make these technologies consistent to enable vehicles to travel 
internationally and enable imported vehicles to function globally on Smart 
Motorways.  

Cost 

 

The cost to implement V2I sensors (especially those embedded in the road) 
and of the managed services of V2I and Smart Motorways are high and require 
significant traffic volumes and traffic engineering methods to be developed to 
deliver the expected efficiency. The cost of operations are then optimised 
with a centralised system being able to manage the traffic (see also the Real-
Time Traffic Management use case) 

Country Readiness 

 

Physical and digital road infrastructure will need to adapt to a future with 
more connected vehicles. Physical road assets need to be changed to 
accommodate connected vehicles (such as road strength and design 
approach, as well as bridge strengths and barrier design, to integrate more 
embedded sensors). Additionally, other than keeping current roads in good 
condition, standardising approaches to Smart Motorway maintenance to 
ensure V2I technologies are ‘performing’ should be anticipated. Such 
solutions are easier to develop for new motorways, rather than for the 
upgrades of existing  

Technological Maturity 

 

V2I technologies still need to improve to be able to communicate with each 
other as different manufacturers use different national standards. Newly built 
smart motorways will usually have V2I solutions accredited and standardised 
in the country where they are developed. There are international standards 
already applied to the fabrication, accreditation and use of V2I technologies, 
focused on safety. In order to have more robust standards and coordination 
between manufacturers, the European Commission launched in 2010 a group 
to internationally standardise V2I.   

 

  



 
 

 

RISKS AND MITIGATIONS 

Implementation risk 

Risk: Some of the technologies are intrusive and require specific design and construction works to be integrated 

to the road infrastructure. The importance of having those technologies well placed and able to communicate 

through a dedicated communication network is essential. The design elements will be decided based on the 

strategies and political choices made for the operations of Smart Motorways.  

Mitigation: Designing and managing smart motorways should be done holistically, following a planned approach 
that is defined by Government, to ensure a smart and inter-connected network. An outcome-driven 

management approach should be set with operational success measured by network performance outcomes. 

Social risk 

Risk: Citizens may not support Smart Motorways as they could be perceived as a way to enforce more limits and 

regulations on driving and on tracking user movements.  

Mitigation: Governments should engage with the manufacturers and the community, including by facilitating 

community engagement to increase public awareness and understanding of the benefits of smart motorways in 

terms of safety and better connectivity between destinations.  

Safety and (Cyber)security risk 

Risk: In the case of open data derived from individual information, there is a risk that non-anonymised 

information can be accessed.  

Mitigation: Data protection regulations and frameworks should be implemented to ensure that new data 

collection methods do not create unnecessary threats to privacy. These mitigation measures should also be 

effectively communicated to the community. 

 

  



 
 

 

EXAMPLES 

Example Implementation Cost Timeframe 

South 
Australia 

Started with several trials 
and different manufacturers 
of cars using different V2I 
technologies to test the 
communications, which 
proved to have some gaps. 

High investments costs in 
trials, optimised roadside 
communications as a result. 

Trials are still on-going with 
more and more cars. 

Porto 
Portugal 

Veniam has set up a trial 
project focused on data 
management and 
transmission that includes 
hardware, software, and 
cloud components for 
delivering data and services 
over a mesh network of 
connected vehicles. 

High investments costs. Data management and 
processing still require 
improvement and is 
underway. 

SmartLife 
and Eastern 
Peripheral 

Expressway 
India 

Eastern Peripheral 
Expressway is India’s first 
smart highway bolstered 
with highway traffic 
management systems and 
video detection systems to 
relay the information 
collected to a central server 
in the control room resulting 
in real-time incident 
management, powered by 
solar panels. 

High implementation and 
operation costs, but savings 
with reduction of facilities. 

The expressway was 
completed in record time of 
about 500 days against 
target of 910 days at a cost 
of nearly USD 1.5 billion. 
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