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1 Executive Summary
The objective of this document is to assess main users’ needs and requirements in terms of railway
infrastructure monitoring.
The analysis reported has been performed on the basis of some interviews held with the MOMIT
internal user: Rete Ferroviaria Italiana (RFI).
As a guideline for the definition of the User needs, existing Laws and regulation were used, in
particular the DPR 753 (Decree of the President of the Republic n.753) on the matter of “New rules
on police, safety and regular operation of railways and other transport services”.
This allowed to define the responsibilities of RFI in the management of the railway infrastructure and
the environmental phenomena to be monitored at the scope to maintain the infrastructures in safety
conditions.
It was pointed out, during the analysis, how the law prescriptions commit to RFI a wide range of
monitoring tasks, which imposes to the User a significant cost amount per year.
The uses of the monitoring technologies that will be experimented in the Demonstration phase of
MOMIT project is aimed to prove that their applicability on a wide scale could implement a best
coverage of monitoring activities at a sustainable cost for the final User.
In the following paragraphs the defined former User needs have been represented in correlation with
the contents of the foreseen demonstration phase, each one corresponding to an already planned step
of this phase.
This mapping was useful to assure the compliance of the project’s scope with the main User needs.
The document also identifies complementary or secondary needs that, even if pointed out and
described, will not be object of the demonstration activities.
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2 Introduction
This document reports the main needs expressed by the internal Railroad manager (Rete Ferroviaria
Italiana – RFI) concerning the monitoring of the railway network.

2.1 Document description
This document is divided into 4 main parts
1. Chapter 1: Introduction: this chapter, reporting the document description
2. Chapter 2: Rete Ferroviaria Italiana, reporting a quick description of the project internal user
3. Chapter 3: User Needs, reporting main needs identified by the user concerning the monitoring
of a railway network
4. Chapter 4: Conclusions, reporting general conclusions and considerations
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3 Rete Ferroviaria Italiana
Rete Ferroviaria Italiana (RFI) is the company of Ferrovie dello Stato Group with the public role of
Infrastructure Manager.
As the body responsible for the track, the stations and the installations, RFI institutional scope is to
grant to Italian railway the access to the railway network, perform the maintenance and the safe
circulation on the whole network, manage the investments for the upgrading and improvement of
railway lines and installations and develop the technology of systems and materials.

Figure 3-1 – Overview of RFI figures

Presently, operational lines are over 16,700 km long; more than 11,500 km of it are electrified and
over 7,000 km are double track. Stations and stops for customer service are approximately 2.300.
RFI ensures also the ferry link with Sicily and Sardinia, under the Bluvia trademark.
Hereinafter, in the following table, a quick overview of the networks managed by RFI is reported.

RFI in numbers
Operational Network
CLASSIFICATION
Fundamental Lines
Complementary Lines
Nodal Lines
TYPE
Double track lines

16.788 km (of which 67 km in foreign countries)
6.367 km
9.466 km
955 km
7.647 km
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Single track lines

9.141 km

Electrified Lines
Double track Lines
Simple track Lines
Not electrified Lines (diesel)

12.023 km
7.570 km
4.453 km
4.765 km
24.283 km
(sum of all tracks, simple and High Speed, where track length
is multiplied by two in case of double track lines, and summed
to single track lines length)

SUPPLY

TOTAL LENGHT OF TRACK

Standard Lines

23.085 km

High Speed Lines (Alta Velocità – AV)
RAILWAY STATIONS
Stations with services for
travellers
Stations with ferry services
NEW TECHNOLOGIES FOR THE TRAIN
GEAR PROTECTION
Systems for Remote control
of circulation (SCC/CTC+DPC)
SCMT, for train gear control
SSC, for train guide support
ERTMS,
for
the
interoperability on High Speed /
Standard Lines

1.350 km

2.195
3
(All lines are equipped with one or more system for train gear
protection)
12.626 km
12.083 km
4.014 km
704 km

Table 3-1 – Overview of RFI network

The main mission of RFI is to act as the Italian national railway infrastructure manager, as set forth
in the Act of Concession and on the basis of the Programme Contract, the document regulating
relationships toward the State. In particular, Italian Legislative Decree 188/2003, governing the
implementation of Community Directives in this respect, entrusts to RFI the following
responsibilities:








To guarantee the co-ordination and safety of rail traffic on the whole network;
To develop the technology of systems and materials;
To ensure the full availability and constant efficiency of the lines and of the railway
infrastructures;
To channel investments to the strengthening, technological modernisation and development
of railway lines and facilities;
To supervise the shipping sector;
To ensure the supervision of employee health, and the safety and health of workplaces, of the
services provided and of the public’s open areas;
To co-ordinate the research activities of the Experimental Institute on materials, products and
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the environment;
To promote the integration of Italian infrastructure in the European Railway Network, in coordination with the EU countries, with regard to quality standards and actions and strategies
for marketing the services.

RFI as infrastructure manager also operates on the integration and cooperation of the European
railway infrastructure managers. In particular, with respect to the integration with other Infrastructure
managers, RFI is operating on the following main corridors:





Brennero – Verona + nodo di Verona ERTMS L2
Vicenza- Trieste/Villa Opicina ERTMS L1+RI
Novara – Milano (e) – Verona (e) – Padova – Venezia Mestre ERTMS L2
Milano (e) – Tortona ERTMS L2

As to those corridors, RFI developed an intense cooperation with IMs partners, in order to identify
and eliminate the obstacles to a full railway interoperability. A specific focus is dedicated to the
introduction of new technologies, in particular the ERTMS (European Rail Traffic Management
System), a common signalling and traffic monitoring system adopted by EU Commission.
Italy, through RFI, is one of the leaders in the application of the ERTMS. It plays an important role
in the implementation process of such technology in Europe and it participates in the “ERTMS
development program” on six freight ERTMS corridors considered as a priority by the EU:





Rotterdam - Genoa (Corridor A)
Stockholm - Naples (Corridor B)
Valencia - Budapest (Corridor D)

RFI actively participates to the creation of an integrated European network, as defined by the EU
“White Book” 2001, through the development of actions aimed to grant full interoperability of its
national network and to widen and update the nation sections of the trans-european traffic axes,
included in the TEN-T.
As far as the interoperability in concerned, RFI cooperates to the drafting of the technical
specifications both for the high-speed traffic and for the conventional lines by participating in the
activities of the European Railway Agency (ERA). For the creation of the trans-European railway
network RFI is involved in the completion of the national sections related to the three railways
projects “of common European interest”, included in the TEN-T.
RFI is a member of the consortium of 3inSAt Project, a research project in the field of satellite funded
by the European Space Agency (ESA), and the “ERTMS on SATELLITE – Enabling Application &
Validation” (ERSAT EAV) project, funded by the European GNSS Agency (GSA).
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4 User needs
This document is focused on the internal user needs in terms of monitoring of the railway
infrastructure.
The user’s needs collection has been conducted through several interviews with main RFI
departments involved in the projects.
The objective of the interviews was twofold:



To identify general needs of the Infrastructure Manager related to the monitoring of the
network;
To identify specific needs and requirements concerning the demonstrators of our interest
reported preliminarily in the MOMIT description of work, as requested by the tender.

It is worth to note, as preliminary analysis of the collection results, that there is a strong overlap
between the two collections conducted.
Hereinafter the main needs expressed by the user are reported and it has been highlighted when it
does exist a demonstrator responding to the specific need.
The most part of the expressed needs are related to the regulations imposed by the DPR753/1980

4.1 The Italian regulation on infrastructure: the DPR 753 / 1980
On July 11th 1980, the Italian President of Republic emanated the DPR 753 (Decree of the President
of the Republic n.753) on the matter of “New rules on police, safety and regular operation of railways
and other transport services”.
The content of the DPR is quite wide. As a general overview, these rules govern:









The railway exercise in general;
The behaviour of the public in general;
Use of level crossings and general requirements;
Interventions for all types of removal from the railway track area.
The operation of transport services in the event of mobilization of the armed forces and in the
event of war.
The separation of the activities close to the railway track area, the easements and the activities
of third parties near the track.
The activity of prevention and detection of infringements and the procedures for the
application of sanctions.
The activity of prevention and assessment of infractions of the aforementioned norms.

Focusing on the railway infrastructure monitoring, and though to the MOMIT area of competence, it
is possible to summarise the content of DPR753 by stating that anything within a certain area of
respect (the wider area considers 30 meters on both sides from the track) is under responsibility of
the Infrastructure Manager: no changes in buildings, other infrastructures, or any kind of activities
(pastures, as well as dumps, or excavations, etc.) are allowed in the area without the authorization by
the Infrastructure Manager, and it is in charge of the IM itself to verify the respect of this rule.
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In the following, an extract of DPR753 is reported, with the aim to highlight some articles of main
interest for the MOMIT scope.
4.1.1 ART 49
Along the tracks of the railway lines, it is forbidden to build, reconstruct or expand buildings or
artefacts of any kind at a distance, to be measured in a horizontal projection, less than thirty meters
from the limit of the zone of occupation of the nearest rail. […]
4.1.2 Art. 52
Along the tracks of the railways it is forbidden to grow plants or hedges and erect small walls of
walls, fences or fences in general at a distance of less than six meters from the nearest rail, to be
measured in horizontal projection.
This measure must, if necessary, be increased in such a way that the aforementioned plants or works
are never located at a distance of less than two meters from the edge of the earthworks or from the
foot of the detectors.
The distances can be reduced by one meter for the hedges, boundary walls and fences of a height not
greater than 1.50 meters.
The trees for which a maximum height of more than four meters is to be reached cannot be planted
at a distance from the nearest rail smaller than the maximum height reached, increased by two meters.
In the event that the track of the railway is in the trench or in the survey, this distance must be
calculated, respectively, from the edge of the earthwork or from the foot of the embankment.
[…]
4.1.3 Art. 53
In the area adjacent to the railway lines, any excavation or canal must be carried out at such a distance
that, in relation to the nature of the land concerned, does not damage the site or the railway works.
The distance of the nearest edge of the excavation or channel must not, however, be less than its depth
starting from the outermost edge of the lateral ditch or from the gutter, where these exist, or from the
edge of the earthworks if the railway is in the trench or from the foot of the escarpment if the railway
is on the embankment.
This distance can never be less than three meters even if the excavation of the ground is less deep.

4.2 Collected user needs
4.2.1 Illicit buildings / engineering works monitoring (Demonstrator #5)
According to the DPR 753, starting from 1980, RFI is obliged to monitor a respect strip, of 30 m
width on both sides of the track, in order to verify that no new buildings, or or relevant changes
(extensions or demolitions) have been raised. Even though exceptions are possible, they have to be
authorized by the Infrastructure Manager, of course in addition to the municipality authorization. The
current monitoring is performed by specialist inspections along the railway lines (walking).
In this way is not possible to highlight illicit buildings or changes in the existing ones (new terraces,
additional floors, etc.).
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The main needs expressed by the user concerning a new methodology to detect those kinds of
anomalies are:


Cost reduction and target output (no false information) of new methodology compared to
change detection of radar images tasted in other RFI Pilot project;



One or two monitoring per year along the overall network.

4.2.2 Vegetation Monitoring (Demonstrator #3)
The monitoring and removal of vegetation along the tracks has been externalized and assigned to a
different company.
The main problem that remains in charge to RFI (again according to the DPR 753) is that the width
the strips varies according to the type and height of tree. In particular, a tall tree must be at a minimum
distance from the track equal to its height plus at least two meters.
Even though a general monitoring of the vegetation growth could be of help, the main need expressed
by the user is a technology to:




Identify the vegetation areas;
Recognize the wide variety of vegetation types;
Evaluate tree’s height and distance from railway lines.

The objective is mapping the vegetation areas along railway lines to optimized maintenance that
facilitate targeted management and pre-planned, proactive intervention. In fact a good knowledge of
growing plant could reduce waste and improving network efficiency.
Safety and operational opportunities:



Increase sighting of ground signals
Prevent tree failure onto railway infrastructure

Economic opportunities:


Reduction of maintenance costs

4.2.3 Hydrogeological risk: floods (Demonstrator #2)
In the case of floods, the user is mostly interested in knowing the extent of the flood with a very high
accuracy allowing to determine the water level on the Railways infrastructure. In particular, it could
be very useful to find a correlation between the rain events and the outflows detected and generate
calibrated models.
RFI has started a 3-year project (ending in 2021) that will lead to the realization of a very DDSM (20
cm - 1 m) derived from laser scanner mounted on the train, plus plane LIDAR relief (on a strip 30
m), then connected with a commercial DEM.
This kind of application, at a very local scale, could not be linked to the Copernicus Emergency
Mapping Service, more focussed on wide event and with no such high resolution in the analysis.
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4.2.4 Hydrogeological risk:
(Demonstrator #1)

landslides

and

general

ground

movement

phenomena

A great part of the Italian territory is affected by the risk of landslides and subsidence. Some official
inventories of known phenomena exist (e.g. Inventario dei Fenomeni Franosi in Italia (IFFI) Inventory of the landslides in Italy and the Piano per l'Assetto Idrogeologico (PAI) - Plan for the
Hydrogeological Structure). These maps are not regularly updated, therefore new landslides could
emerge or acceleration of known phenomena could happen.
It is well known that it is not possible to monitor very fast event from remote sensing technology, but
the knowledge of the behaviour of slow phenomena is very important to prevent and act on time.
Therefore, the main needs in terms of ground and infrastructure deformation monitoring are mainly
two:



Identifications of NEW slow-type phenomena, not mapped in traditional cartography
Monitoring of known phenomena with the aim to identify anomalies (e.g. accelerations), as
pre-alert signals.

4.2.5 Civil Works stability (Demonstrator #6)
Many kilometres of railways require complex structures like: bridges, tunnels, galleries, to overpass
valleys or cross big mountains, for instance: Italia Viaduct, Laino Borgo, Calabria, Italy. It is
important to monitor exploitation of infrastructure near railways. RFI already carry out bridges,
tunnels and dams inspections by their own, so there is not much interest for standard monitoring
system. Anyway, a structural condition assessment methodology for railway infrastructures based
on the synergistic combination of monitoring technologies could be very helpful, especially if
automated or semi-automated mode.
Potential benefits of new techniques are:
 Increase safety of personnel.
 Reduce cost and time of inspections, e.g. heavy cranes and operators are no longer required.
 Ability to perform 3D measurements on the model.
4.2.6 Electrical infrastructure monitoring (Demonstrator #4)
The electrical infrastructure supplies the electric power to trains along the track that usually takes the
overhead line form. There are many elements needed to suspended the power lines above the trains,
as poles, towers, structures or tunnel ceilings. Moreover, there are signal towers, signal crossing or
semaphores that are linked to the electrical infrastructure. A multicopter could carry sensors capable
of generating the following data streams (one or more):
HD video (visible light)
Thermal cameras to be used for the identification of spots with anomalous temperatures on
the wires (hot spots)
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4.2.7 Other User Needs
4.2.7.1 General Monitoring of tracks difficult to reach
Many kilometres managed by RFI are located in areas where it is difficult to explore the surrounding
(e.g. coastal or mountain lines). Nonetheless these unlucky border conditions, RFI has the
responsibility of monitoring activities. This activity is now performed through the use of on field
teams when the standard solutions are not applicable. This is clearly very expensive and most of all
it could be dangerous for the personnel. Unmanned solutions could be very useful to map the areas
and generate annual update in order to highlight possible changes where a field inspection is really
needed.
4.2.7.2 Tunnel monitoring
Tunnels are also crucial components of a railway network. One of the main criticalities is related to
the difficulties in inspections that have to be made in dark environment and blocking the train
circulation. Also in this case, the user, even though recognises the importance of a deep tunnel
monitoring, does not consider this a crucial point for monitoring because several technologies are
available to take care about these aspects.
4.2.7.3 Power line infrastructure monitoring (Demonstrator #4)
The railroad is not only the track on the ground but also the power line allowing the train gear. This
electrical system is designed to optimize the effectiveness and to reduce loss in energy. Both the
geometry of the electric cable and the electric stream through the cable itself are crucial to optimize
the energy consumption and the line efficiency. The RFI user, at the moment, is not interested in such
kind of monitoring due to the higher priority of the other points (mainly illicit buildings and
vegetation monitoring).
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5 Conclusions
The document has presented main needs and service level requirements expressed by the main Italian
infrastructure manager RFI.
As deeply analysed in this report, Italy has a clear regulation related to the infrastructure monitoring
and to responsibilities of the manager in maintain the network safe for citizens and operators. The
DPR753/80, in particular, assigns a to the infrastructure manager the complete responsibility on a
30m strip around the track.
Two RFI kind of needs have been identified: general needs and specific needs and requirements
concerning the six demonstrators reported preliminarily in the MOMIT description of work.
As already explicated in the Executive Summary, the scope of the Demonstration activities, as
beforehand described in this document, is to apply the most recent monitoring methodologies to the
railway infrastructure survey, at the scope to enhance the monitoring capability of the final User and
to reduce the correspondent costs.
The test cases to which this methodologies will be applied have to be selected by RFI among a
significant number of sites in which the boundary conditions and the monitoring exigencies cover the
typologies foreseen by the existing laws and regulations.
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