Towards the New Concept of Smart Roads:
Regulatory Framework and Emerging Projects
Overview

Simone Franzo, Vito Manfredi Latilla, Michela Longo

Dept. Of Energy and Management, Economics and
Industrial Engineering
Politecnico di Milano
Milan, Italy
simone.franzo@polimi.it; vito.manfredilatilla@polimi.it
michela.longo@polimi.it

Abstract— The evolution of the transportation sector enabled
by the diffusion of smart roads represent a valuable opportunities
for all the stakeholders involved, starting from and users (i.e.
drivers) themselves and companies at the different stages of the
value chain. Such evolution is driven not only by technology
development, but also by the regulatory framework at national
and supranational level. The analysis of some first experiences
related to the implementation of smart roads concepts shows a
certain level of heterogeneity among analyzed projects, none of
them realized in Italy. In order to exploit such an opportunity, the
Italian regulatory framework regarding transportation systems in
Italy has been analyzed. It emerges that some improvements are
required compared to the European context, e.g. the definition of
technological standards.
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L INTRODUCTION

The evolution of the transportation sector is a critical factor
to enable a sustainable, green, smart and inclusive economic
growth, creating road infrastructures that are agile, efficient,
safe, affordable, reliable and easy to access [1 - 4]. This would
help facilitate not only the mobility and transport of people, but
also of goods, favoring the growth of the industrial system and
providing a better logistic to the commercial goods. With this
regard, technology may be adopted and deployed throughout the
utilization phases of the road transportation infrastructure [5 - 7].
As an example, the evaluation of road infrastructure status and
condition enables a more effective planning of the maintenance
activities and the investment required, favoring the construction
of more efficient infrastructures, both in terms of capital
investment and life span of the infrastructures themselves [8 -
10].

Over the last few years, the use of the term “smart” has
become a widespread practice at all levels. Even roads,
therefore, need to transform themselves in order to play a
relevant role in this smart revolution [11]. The road sector,
indeed, faces a major challenge for this century: the definition of
a new paradigm that makes Smart Roads a reality [12].

The digital transformation of the road infrastructures may
represent a trigger for the entire economy of a country, since the
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infrastructural sector, being a capital intensive one, is able to
generate huge amount of investment and support the growth of
all the value chain, linking together different players of the
economy, hence boosting economic growth, specifically
operating at the frontier of the technology development [13 - 18].
Focusing on Italy, this is therefore a great chance for the
economic development of the country. Indeed, it allows to shed
new light of the existing infrastructure, which will be updated
through the adoption of digital solutions and interfaces [19].
Such technological upgrade comes at a much lower cost than the
building of a completely new infrastructure, hence it is so far
more convenient and affordable; furthermore, the technological
upgrade allows the deployment of smart solutions for
transportation as well as new services for customers, either
private users or companies transporting goods for logistic
purposes [20 - 25].

Technology increases the options available to the decision
makers to better define transportation policies and the
management of congestions and traffic. Moreover, technology
improves the customer experience (i.e., for final users), offering
digital services related to the deployment of a smart
infrastructure which can provide ad hoc services to the
customers [26 - 30]. For companies, digitalization of the
infrastructure means a higher security for their goods, better
tracking systems, less administrative procedures, personalized
services and solutions along all the value chain, improving
logistics and favoring the diffusion of new and innovative
solutions.

With reference to the know-how related to the road
transportation sector, the Italian industrial system has important
competitive advantages thanks to the quality of the technologies
and solutions developed by the Italian companies active in the
transportation sector, therefore the development of smart
solutions for road transportation may favor the research and
development of all the value chain that works with the
transportation infrastructure, and hence the growth of the Italian
industry.

Considering all the aforesaid, smart road has become a
research hotspot specifically among practitioners, but the
research mainly concentrates on some single smart functions of
roads or some specific technologies such as snow-melting, solar



energy harvesting, etc., with no explicit definition or integrated
framework for smart roads [31].

On the other hand, the necessity of rethinking the road
system by adopting smart solutions is in the agenda of the policy
makers, both at national and European level. Nevertheless, the
planning of intervention on such system is delayed by the high
fragmented and jeopardized scenario that characterize the
infrastructure system itself, where several rules, regulations,
administrative bodies and procedures hinder the adoption of
innovative solutions. Therefore, in the next section of the paper,
the European and Italian Regulatory frameworks on the
transportation systems regulation is analyzed.

II.  THE REGULATORY FRAMEWORK

On top of the laws and regulations of each country and of the
European union, there are the rules that apply specifically to the
technologies adopted at infrastructure level. At European level,
the cornerstone of the regulation ruling this sector is the
Directive 2010/40/UE1, which aims to favor the development
and deployment of innovative technologies to boost the
diffusion of an Intelligent Transportation System (ITS),
introducing specific business standards common to all the
European countries [32]. The aim is to develop a unique
European ground for the transportation system, to make such
system more efficient, cost-effective and convenient for the
users, leaving space to the single European countries to define
on which specific technologies to invest.

The Directive 2010/40/UE has established a framework to
favor the diffusion and the utilization of ITS in the road transport
sector at European level, defining the following investment
priorities:

1. Optimal use of data and information relevant to streets,
traffic and cargo transportation (transport of goods);

2. Homogeneity in the development of the services related to
ITS and to the traffic management infrastructure;

3. Adoption of ITS for the safety of streets’ users and for the
security of goods transported;

4. Connections among vehicles and the road infrastructures.

In line with the above priorities, the Directive 2010/40/UE
states the following:

a. To provide in all the European territory all the information
services related to the intermodal mobility;

b. To provide in all the European territory the real time traffic
information system;

c. To provide a minimum free standard of information to all
roads’ users;

d. To provide a unique and common standard for emergency
call (eCall) at European level;

e. To provide information services for safe parking areas for
trucks and commercial vehicles in general;

f. To provide reservation services for safe parking areas for
trucks and commercial vehicles in general.

Following the aforesaid items, the European Commission
has issued the Rules 962/2015, 886/2013, 305/2013 e 885/2013
which provide the specifications to be adopted to implement
points b., c., d., and e. mentioned above [32].

Despite the fact that the ITS were already considered as
relevant measures to increase the quality of the transportation
system and of the logistic services in the Italian “Masterplan for
the Transportation and Logistics” of 2001, and that the
“Guidelines for the transportation and Logistics” of 2007
recognized to the ITS a central role for the achievement of
efficiency, safety and sustainable goals in the mobility, only the
Italian Law no. 221/2012 has transferred in the Italian regulatory
systems the provisions of the EU Directive 2010/40/UE. The
Italian law 221/2012, indeed, defines the ways according to
which the ITS shall be developed and deployed at national level,
establishing, with the Decree 02/2013 for the Diffusion of Smart
Transportation Systems, the following:

1. the requirements for the diffusion of ITS;

2. actions required to favor the diffusion of ITS at national
level;

3. sectors of intervention;

4. continuous operation of the ITS services for traffic and
logistics;

5. telematic datacenter with the list of all the vehicles and ITS
applications for safety (eCall);

6. connection between vehicles and infrastructure;

7. ComlTS — Team for coordinating the initiatives regarding
the adoption of ITS.

Lastly, the Decree no. 446/2014 has stated that the Minister
for the Infrastructure and Transportation has the responsibility

to adopt the “National Plan for the development and adoption of
ITS”.

Figure 1 describes the list of regulations, plan actuated with
European Union (EU).

Negotiated programming

D ace between Italy and the EU

National plans and programs

* General Plan of Transport
and Logistics (2001)

* Strategicinfrastructure
program (2001) and XI

* Blue Book (2007) * Partnership agreement

* Transport White Paper * EU-Italy Commission for the
(2011) 2014-2020 programming

* The blue belt a unique space period
for maritime transport * PON infrastructures and
(2013) networks 2014 - 2020

* Growth package - * Regional Operational * National strategic plan of the
Connecting Europe Facility Programs (POR) harbors and of the logistics
(CEF) and TEN-T networks * Rural Development (2015)

* European Strategy 2020 Programs (RDP) * National ITS Action Plan
(2010) (2014)
Strategic objectives and * Regionalimplementation
recommendations for the EU plans (PAR)
maritime transport policy * ANAS and RFl program
Ports: an engine for growth contracts

infrastructure annex
(September 2013)

(2013)

Fig. 1. List of regualations and plans with EU.

1.  SMART ROADS IMPLICATIONS ON INVOLVED
STAKEHOLDERS

Private users, as well as companies and the public sector, will
all benefit from the digital transformation of the road



infrastructures. The Smart Road will allow a proactive adoption
of technology embedded within the road infrastructure,
improving  resiliency and  optimizing infrastructure
management. New digital technologies, indeed, allow to gather
a huge amount of data on the status of road infrastructure and
traffic density, data that are available to road management
companies, users and service providers. The way this data will
be treated and managed is at the basis of the offering of new and
innovative services to the users. Road infrastructure embedded
with digital technologies, furthermore, are of great relevance to
the monitoring activities of the territory, since such
infrastructures cover in a capillary way all the territory, and
hence allow a massive flow of information on their networks.
This, though, requires a high level of convergence between the
road infrastructure and the information flow, and a holistic
approach to the data management, at local and national level.

Moreover, a higher level of automation and connectivity of
the road infrastructure thanks to the adoption of sensors and
other devices, including cars, will increase the overall level of
safety on the roads, due to a continuous monitoring of physical
infrastructures such as bridges, tunnels and other relevant
infrastructures, which will allow predictive maintenance rather
than traditional maintenance, increase effectiveness and
efficiency of roads’ maintenance services.

The contemporary attention to the road infrastructure and the
vehicle flow on the roads will allow a more “shock resistant”
mobility; therefore, smart road will be characterized by
technologies, functionalities and services offered that will
generally improve the operational costs, the overall maintenance
status of the road infrastructure, increasing the resiliency of the
infrastructure itself.

Furthermore, leveraging on the information collected on the
roads, it will be possible to provide some services, in real time,
directed to the digital devices installed on boards of cars, or
directly to the smartphones of the car passengers. More services
are expected, related to predictive navigation functionalities and
to the possibility of detecting and monitoring the transportation
of hazardous materials.

Other services that will be possible to offer to the companies
that manage the road infrastructure are related to the
improvement of the maintenance standard and quality, as well
to the traffic and mobility management. Just few examples to
understand the potential of such services: the quality of the road
surface, the stress level of the road infrastructure, the quality of
the barriers and fences around the road infrastructures, all this
allowing a predictive maintenance of the infrastructure; as well
as the weather conditions on the roads, allowing a more effective
snow removal and assistance in case of severe and adverse
weather conditions.

For final users, all the advantages deriving from an improved
mobility, both at urban and extra-urban level, are related to a
better mobility, an increased level of road safety and a lower rate
of cars crashes, and an overall increased quality of the road
infrastructure, which allows the data flow relevant to the
mobility as well as to the monitoring activity of the environment,
the infrastructure status and the flow of vehicles.

For companies, expected benefits are both direct and
indirect. Among the direct ones, it is important to mention the
effective monitoring of the goods transported on trucks,
increasing the overall efficiency of road transportation; among
the indirect ones, the possibility to open a new market related to
all the devices, sensors and digital solutions helping the
commercial transportation sector. The latter would generate high
revenues for all the parties involved in the ideation and
production of services related to the mobility, which in general
are recognized as high value-added services.

IV. APPLICATIONS OF SMART ROAD CONCEPT

A. Hamburg Smart Road

The first location in Europe for “smart road testing” is
located in Hamburg (Germany). The smart road is the result of
an agreement signed between the City of Hamburg and Cisco in
April 2014 [33]. Other partners involved include Philips, for
lighting technology, AGT International for analytics and Kiwi,
for video analytics and anonymization. The roadway took four
months to build near Hamburg's docks and the road links three
streets and the Kattwykbrucke Bridge (Fig. 2).

Fig. 2. Kattwykbrucke Bridge in Hamburg [33].

The road opened in May 2015 and it is festooned with
cameras and sensors mounted to light poles along the road. The
four components that make the road smart are:

e Smart Traffic Management. This helps the port road
manager to monitor road traffic. In particular, the incidents
are detected automatically, and the manager is alerted to
coordinate with other authorities.

e Smart Structural Sensors that provide real time data on the
condition of movable infrastructures.

e Smart Environmental Sensors delivering data that is used to
improve analysis of the environmental situation in the area.

e Smart Lighting that enhances safety for pedestrians and
cyclists in the port and saves energy at the same time.

All sensors and systems involved in this project are connected
by a highly secure network infrastructure. Data is processed by
analytics software, and findings are made available via a



centralized, integrated dashboard. The smart road has been
tested until April 2016 [33].

B. Photovoltaic Pavement

Photovoltaic pavement enables energy generation by using
PV. Different locations can be candidate for the use of this
technology, such as parking lots, foot paths, driveways, streets
and highways [34 - 37]. SolaRoad is a system being developed
by the Netherlands Organisation for Applied Scientific Research
(TNO), the Ooms Groep. They plan to install their panels on 100
m of cycle path in Krommenie, Netherlands in November 2014.
The Solar Roadways company of Idaho, USA, is developing a
prototype system to replace current roads, parking lots, and
driveways with photovoltaic solar road panels that generate
electricity. Another country, South Korea has built a freeway
with the median covered by solar panels above a bikepath. The
first photovoltaic road in the world was constructed in
Tourouvre, Orne, France in 2016 (Fig. 3) [38].
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Fig. 3. Photovoltaic road in France [38].

C. Solar Road Panels

The scope of use of solar roadways is to replace asphalt roads
with Solar Panels which generate energy through the sun that
can be used by local houses or businesses that are connected to
the system from either the house’s driveway or the businesses
parking lot [39, 40]. The panels will also increase the number of
charging stations for electric cars if that station is connected to
the solar roadway. Each panel have their own LED lights that
will be used as the road lines. There are 3 layers that make up
the solar panels:

1. The Road Layer is the High Strength layer that has the
photovoltaic cells which attracts the sun’s rays, it has
traction, so vehicles do not slide of the road, and it is
waterproof to protect the layers below.

2. The Electronic Layers contain a mini microprocessor board
that helps control the heating element of the panels; this
technology can help melt the snow that lands on the panels
so that hazardous road conditions will no longer be an issue
in the more northern regions. This layer can sense how much
weight is on the panels and can control the heating element
to melt the snow.

3. The Base Plate Layer is the layer that collects the energy
from the sun and distributes the power to the homes or
businesses that are connected to the solar roadways. This will
also be used to transfer the energy to cars as they drive over
the strip to recharge the battery.

D. Smart Pavement

The Missouri Department of Transportation (MoDOT) began
testing out “smart pavement” at a rest stop outside of Conway,
Missouri late in 2016. The pilot program currently covers about
200 square feet of sidewalk at the visitor center. In this study,
the panels will heat the road and keep snow and ice from
accumulating. They will also feature LED diodes that will
increase the visibility of road lines (Fig. 4).
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Fig. 4. Smart Pavement [41].

E. Electric road

In Sweden, Scania's new heavy trucks are equipped with a
pantograph mounted behind the driver's cab, which is connected
to the truck's regular propulsion system (Fig. 5). The function of
the pantograph on the roof of the truck is to feed the electricity
to an electric hybrid system. It is able to connect automatically
at speeds of up to 90 km/h. When the truck leaves the electrical
network, it returns to its diesel hybrid mode [42].

The pantographs get their power from the electric cable line
above the road with the designated lane kept separated from
other driving lanes. It is equipped with poles, holding up
electricity cables in the right driving lane and they are protected
by a railing.

Fig. 5. Scania’s truck being powered via overhead electricity lines [42].



F. Photo-Luminescent road marking

The Smart Highway is based on the incorporation of a
photoluminescent paint for road signs, which absorb light during
the day and light up for up to 10 hours. This is a new concept of
signage applied to the highway. This technology is developed by
Studio Roosegaarde and the Heijmans infrastructure

management group in the Netherlands. Figure 6 represents a
stretch of motorway in Brabant, the Netherlands [43] where it
has adopted these new markers.

Fig. 6. Road marking glowing in the dark [43].

V. CONCLUSIONS

Despite the huge proliferation of regulations and laws, the
targets set forth at European level regarding the ITS are far from
being achieved in Italy, and the examples above illustrated are
still missing in the Italian road infrastructure system.
Looking at the regulatory side, notwithstanding some specific
regulation, e.g. (i) DB CCISS (open data on the infrastructure
and traffic congestion flow); (i) Public index of the information
related to Infrastructure and traffic; (iii) the adoption of the
protocol DATEX-II and the necessity to introduce a systems of
nodes DATEX-II; (iv) the legal requirement for authorities to
keep data center with all the information relevant to the
infrastructure, still several criticalities can be envisaged: first of
all, the majority of the requirements of the Decree no. 446/2014
have not been enforced yet, together with a lack of governance
of the migration to the ITS. It is therefore urgent to proceed
shortly to the definition of the technological standard required
to transfer at Italian level the requirements of the European
directive. This would enable to overcome the inertia generated
at national level, at least in Italy, shedding light on the functions
and services enabled by the diffusion of Smart Road and
defining, in a clear way, the specifications needed to allow the
diffusion and the deployment of the digital transformation of
the road infrastructure. The achievements of such objectives
shall be obtained through four main strategies:
1. Agile, shared and useful infrastructures, with an improved
engineering and construction phase. This goal will be
achieved, in the medium term, through the innovation

introduced in the planning, engineering and construction
phases of new infrastructures;

2. Modal and intermodal integration of the different
transportation means, which means moving towards a
sustainable transportation system, with a proper equilibrium
between road and railway transportation, especially for
goods delivery and logistic services;

3. Sustainable Urban Development, through integrated
projects of urban mobility which connect the metropolitan
areas to suburban ones, especially for commuting users;

4. Increase safety and security of the existing infrastructure, in
line with the already approved maintenance and
improvement programs of intervention.

The smart Road initiatives here discussed belong to the point 4)

mentioned above, with the goal to increase the safety and

quality standard of the transportation infrastructure, ensuring
reliability of the maintenance program in place, through
specific actions to implement digital technologies and solutions
inside the current maintenance interventions. The digital
transformation of the transportation infrastructure, indeed, shall
increase the chance to create value to the users, i.e. the citizens,
for companies and for all the actors of the value chain that may
provide services related to the commercial offer of digital
solutions for a smart mobility. This would allow the creation of
an extended customer experience, towards a future where
sensors, digital devices and web platforms will allow a better
management of the overall transportation infrastructure, new
business models and new services for the community of users
of the infrastructure itself, fostering the economic growth of the
Country.
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