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(57) ltis disclosed a monitoring system for a railway
infrastructure comprising a signalling entity to be moni-
tored. The system comprises an acquisition radio module
configured to be connected to one or more sensors con-
figured to acquire measurement data relating to one or
more physical parameters indicative of an operating state
of said signalling entity; and a gateway radio module con-
figured to be connected to the acquisition radio module
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by means of a first wireless link, so as to receive from
the acquisition radio module the measurement data, the
gateway radio module being further configured to pro-
vide, based on the measurement data, by means of a
second wireless link, a stream of compressed data to a
location remote from the signalling entity, in order to mon-
itor the operating state thereof.
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Description
Technical field

[0001] The present invention generally relates to the
field of railway infrastructures. More particularly, the
present invention relates to a monitoring system for a
railway infrastructure.

Background art

[0002] As is known, a railway infrastructure may be
provided with a system known as a "Centralized Diag-
nostic System” (in ltalian, "Sistema di Diagnostica Cen-
tralizzato", SDC) for monitoring a number of parameters
of the station and line signalling entities (signals, switch-
ing points, level crossings, track circuits, sentry stations,
etc.). Typically the parameters which may be monitored
are voltages and/or currents.

[0003] Aknown centralized diagnostic system typically
comprises a centralized server which collects measure-
ment data from a plurality of servers arranged inside the
stations along the railway line, so as to be able to indicate
the state of the various entities to an operator who is able,
if necessary, to take action in the event of faults or mal-
functions. Inturn, each of the station servers collects data
from various data collection units (in Italian, "unita di rac-
colta dati", URD) present both in the station and along
the railway line, for example inside the sentry stations
(also referred to as technology centres) which are typi-
cally arranged at a few kilometres from each other. The
URDs are typically configured to collect measurement
data (voltages and currents) acquired from the various
signalling entities to be monitored. The connection be-
tween the URDs along the line and the server station is
typically provided via a twisted-pair telephone cable by
means of a data transmission unit (in Italian, "unita di
invio dati", UID) present in the sentry station. The con-
nection between the servers is typically provided by
means of a LAN (Local Area Network). Each URD ac-
quires data, in digital and/or analog form, from one or
more diagnostic interfaces connected together and to the
URD by means of a CAN (Controller Area Network) bus.
The station URDs typically are connected to the station
server by means of a LAN port.

Summary of the invention

[0004] The known centralized diagnostic systems
have a number of drawbacks.

[0005] Inthe known systems, the devices which collect
the measurement data (namely the diagnostic interfaces)
are connected to terminal blocks of the signalling entities
in order to measure dc voltages, ac voltages, currents
and the associated phase-displacement of the said sig-
nalling entities. These terminal blocks are typically ter-
minals strips positioned in the technology centres to
which the diagnostic interfaces are linked. Each terminal
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strip contains all the analog signals (currents and voltag-
es) received from the signalling entities present at the
technology centre.

[0006] The known systems are costly because it is re-
quired to connect via cable the diagnostic interfaces of
atechnology centre as far as the URD. Since this cabling
operation is performed using at least 4 wires for each
interface, via the CAN bus, and the number of signalling
entities and associated diagnostic interfaces present in
a technology centre is decidedly high (on average
200-300), the cost is very high.

[0007] Moreover, these systems are invasive since
their operation requires a new electronic installation be-
tween the diagnostic interfaces and the URDs, in order
to manage the data supplied by the CAN bus by means
of, for example, multiplexing and demultiplexing devices.
[0008] The known systems are also costly from the
point of view of data processing. These systems are in
fact based on methods for processing the measurement
data, in particular sampling methods (for example, high
resolution or so-called "HiRes" sampling methods) which
require the use of specially designed integrated devices
with a high performance, in particular interms of memory,
able to provide good quality measurements. This results
in high costs for the design and manufacture of these
devices and limited flexibility of the system. Moreover, in
the light of that described above, each diagnostic inter-
face is connected to a CAN bus inside the station or the
sentry station, and each sentry station is connected to
the station by means of a twisted-pair telephone cable.
This results in high installation and maintenance costs.

[0009] Finally, the known systems envisage measur-
ing and monitoring only electrical parameters such as
voltages and currents. In fact, typically the number of
types of diagnostic interfaces is limited (the known sys-
tems typically have five types of diagnostic interfaces:
coded current track circuit interface, automatic block re-
versal interface, fixed current track circuit interface,
switching point interface, and non-trailability electromag-
netic interface). This means that the known systems are
limited to providing only some types of measurements.

[0010] An object of the present invention is therefore
to provide a monitoring system for a railway infrastructure
which solves at least one of the aforementioned prob-
lems.

[0011] In particular, an object of the present invention
is to provide a monitoring system for a railway infrastruc-
ture which (i) allows remote monitoring of said infrastruc-
ture without using cabled transmission lines; (ii) allows
monitoring of a greater number of parameters than the
known systems, in particular mechanical and thermal pa-
rameters in addition to the electrical parameters already
mentioned; (iii) allows a reduction in the costs for design
and manufacture of the integrated devices for processing
the measurement data, and the costs for installation and
maintenance of the communication lines, and (iv) is not
invasive, i.e. does not require the modification of devices
and apparatuses already installed in the railway infra-
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structure for standard diagnostic and control purposes.
[0012] Accordingto embodiments ofthe presentinven-
tion, a monitoring system for a railway infrastructure is
provided, the railway infrastructure comprising a signal-
ling entity to be monitored, the monitoring system com-
prising:

- an acquisition radio module configured to be con-
nected to one or more sensors configured to acquire
measurement data relating to one or more physical
parameters of the signalling entity, the physical pa-
rameters being indicative of an operating state of the
signalling entity; and

- agateway radio module configured to be connected
to the acquisition radio module via a first wireless
link, so as to receive from the acquisition radio mod-
ule the measurement data, the gateway radio mod-
ule being further configured to provide, based on the
measurement data, by means of a second wireless
link, a stream of compressed data to a location re-
mote from the signalling entity, in order to monitor
the operating state thereof.

[0013] Preferably, the acquisition radio module com-
prises an acquisition unit comprising at least one diag-
nostic interface connected to the one or more sensors
for acquiring the measurement data.

[0014] Preferably, the one or more sensors comprise
atemperature sensor for measuring a temperature of the
signalling entity and/or a vibration sensor for measuring
one or more parameters indicative of a vibration of the
signalling entity.

[0015] Preferably, the acquisition radio module com-
prises a processing unit connected to the acquisition unit,
the processing unit comprising first and second process-
ing sub-units connected in so-called "failover" mode so
as to process the measurement data acquired by the at
least one diagnostic interface.

[0016] Preferably, the acquisition radio module com-
prises a short-range radio link unit configured to be con-
nected to the gateway radio module by means of the first
wireless link. In particular, the first wireless link may be
realized by means of the Wi-Fi technology.

[0017] Preferably, the acquisition radio module is con-
figured to send to the gateway radio module the meas-
urement data by means of the so-called "message queue
telemetry transport" protocol.

[0018] Preferably, the acquisition radio module has a
modular hardware structure.

[0019] Preferably, the gateway radio module compris-
es a short-range radio link unit and a long-range radio
link unit, the short-range radio link unit being configured
to be connected to the short-range radio link unit of the
acquisition radio module by means of the first wireless
link, and the long-range radio link unit being configured
to be connected to the remote location by means of the
second wireless link.

[0020] Preferably, the second wireless link is imple-
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mented by means of LoRa (Long Range) technology or
SIGFOX technology.

[0021] Preferably, the gateway radio module compris-
es a first processing unit and a second processing unit
connected in so-called "failover" mode, each of the first
and second processing units being configured to aggre-
gate the measurement data on the basis of one or more
measurement types and to compare said data with pre-
determined thresholds, each of the thresholds being in-
dicative of an expected value for a respective type of
measurement.

[0022] Preferably, each of the first and second
processing units is configured to implement an alarm pro-
cedure in case the measurement data exceed one of the
pre-determined thresholds.

[0023] Preferably, each of the first and second
processing units is configured to compress the measure-
ment data according to a compression algorithm of the
"compressive sampling" type.

[0024] Preferably, the monitoring system comprises a
"cloud" architecture to receive the measurement data
and present it, in the remote location, to an operator able
to use this data to program interventions of maintenance
on the railway infrastructure.

[0025] Preferably, the "cloud" architecture comprises
a database configured to store the data received from
the gateway radio module.

Brief description of the drawings

[0026] The presentinvention will be illustrated in great-
er detail by means of the attached drawings which are
provided by way of a non-limiting example and in which:

- Figure 1 schematically shows the architecture of a
monitoring system 1 for a railway infrastructure, ac-
cording to embodiments of the present invention.

- Figure 2 is an exemplary block diagram of an acqui-
sition radio module according to an embodiment of
the present invention;

- Figure 3 is an exemplary block diagram of an acqui-
sition unit of the acquisition radio module according
to an embodiment of the present invention;

- Figure4is an exemplary block diagram of a gateway
radio module according to an embodiment of the
present invention;

- Figure 5 schematically shows the software architec-
ture of a data presentation level of the monitoring
system according to embodiments of the presentin-
vention; and

- Figure 6 schematically shows the monitoring system
according to the present invention in a possible ap-
plication scenario.

Detailed description of preferred embodiments of the
invention

[0027] Figure 1 schematically shows the architecture
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of a monitoring system 1 for a railway infrastructure, ac-
cording to embodiments of the present invention. The
monitoring system 1 preferably has a three-level archi-
tecture. In particular, the monitoring system 1 comprises
a data acquisition level 2, a network level 3 and a data
presentation level 4.

[0028] The data acquisition level 2 preferably compris-
es hardware and software modules (indicated below as
"acquisition radio modules") able to acquire data from
station signalling entities and line signalling entities be-
longing to the railway infrastructure to be monitored. The
signalling entities typically belong to five categories: light
signals, turnouts, level crossings, track circuits, sentry
stations. The light signals comprises dichroic mirror light
signals and light signals with fan devices. These devices
are known and will not be described further below. Figure
1 schematically shows a plurality of signalling entities
11a, 11b, 11c, 11d, 11e of the railway infrastructure to
be monitored. In particular, Figure 1 schematically shows
five signalling entities, which for example each belong to
one of the five categories of signalling entities mentioned
above, i.e.: alightsignal 11a, a turnout 11b, alevel cross-
ing 11c, a track circuit 11d and a sentry station 11 e.
[0029] The networklevel 3 preferably comprises a data
communication network, in particular a wireless commu-
nication network, able to connect the signalling entities
to the sentry stations of the railway line, the sentry sta-
tions to each other and the sentry stations to the (central)
stations of the railway infrastructure. Moreover, the net-
work level 3 preferably comprises hardware and software
modules (indicated below as gateway radio modules)
able to acquire data from the acquisition radio modules
and carry out on them aggregation, filtering and com-
pression operations.

[0030] The data presentation level 4 preferably com-
prises hardware and software modules able to implement
a "cloud" architecture to receive from the network level
3 the measurement data acquired by the acquisition level
2, process it, store it in the memory and present it to
operators who are able to use this data for carrying out
or programming, where necessary, maintenance inter-
ventions on the railway infrastructure or for providing it
to the railway network manager. In particular, the data
presentation level 4 preferably comprises a software in-
frastructure able to acquire the processed data from the
gateway radio modules and provide it to the operators
responsible for the railway infrastructure maintenance
and monitoring operations by means of special terminals
(for example, mobile devices such as smartphones or
tablets) or provide said data to control centres or the data
networks of the railway infrastructure manager.

[0031] Inthe present description below, the term "sta-
tion" will indicate a service location, bounded by protec-
tion signals, where the train movement operations (prec-
edence, diversions or intersections) are performed and
the passenger and goods access the railway network.
The term "sentry station" or, the equivalent term "tech-
nology centre", will indicate a service location situated
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along the railway line, not accessible to the public, com-
prising devices having functions associated with the
movement of the trains and control of the signalling en-
tities, as well as network equipment for data communi-
cation.

[0032] The railway infrastructure to be monitored ac-
cording to the present invention comprises a railway line
portion and is schematically shown in Figure 6. The rail-
way line portion to be monitored is indicated by the ref-
erence number 5. The line portion to be monitored may
comprise a section of a few tens or hundreds of kilome-
tres. A plurality of sentry stations 6a, 6b, 6¢ are present
along theline. Typically, the distance between one sentry
station and the next one is about 2 km. The line portion
to be monitored may also comprise a station 7. The rail-
way infrastructure may be for example an underground
railway infrastructure or a suburban railway infrastruc-
ture.

[0033] As mentioned above, the acquisition level 2
preferably comprises a number of acquisition radio mod-
ules. Figure 6 shows two acquisition radio modules, in-
dicated by the reference numbers 22 and 22’. The ac-
quisition radio modules 22, 22’ are preferably arranged
along the railway line to be monitored and are connected
to the signalling entities to be monitored via suitable ports
and interfaces, as will be described in detail herein below.
[0034] Accordingtoembodiments ofthe presentinven-
tion, the acquisition of the data from the signalling entities
takes place inside the sentry stations 6a, 6b, 6¢. This
data acquisition mode will be indicated below also as
"indoor acquisition mode". According to these embodi-
ments, the acquisition radio modules 22 (indicated also
as "indoor acquisition radio modules") are positioned in-
side the sentry stations 6a, 6b, 6¢c. According to these
embodiments, each sentry station 6a, 6b, 6¢ may contain
one ormore indoor acquisition radio modules 22. Accord-
ing to these embodiments, each indoor acquisition radio
module 22 may be connected (via connectors, cables or
jacks) to a terminal block of a respective signalling entity
to be monitored, present in the sentry station, for collect-
ing electrical measurement data (voltages and currents).
In particular, a terminal block may comprise a terminal
strip. Said terminal strip may be a 12-pole terminal strip
cabled according to the V410 (line) and V409 (station)
schemes. In addition or alternatively, the indoor acquisi-
tion radio module 22 may be connected to non-invasive
sensors connected directly to the cables from the signal-
ling element, as will be described in greater detail below.
[0035] According to other embodiments of the present
invention, which are an alternative to or complement the
embodiments described above and related to the indoor
acquisition mode, the acquisition of data from the signal-
ling entities takes place at the signalling entity itself. This
data acquisition mode will be indicated below also as
"outdoor acquisition mode". According to these embod-
iments, one or more acquisition radio modules 22’ (indi-
cated also as "outdoor acquisition radio modules") may
be positioned along the railway line at respective signal-
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ling entities to be monitored, in order to collect measure-
ment data relating to physical parameters to be meas-
ured directly on the signalling entity in question, such as
voltage and currents, vibrations, temperatures, forces
and pressures. According to these embodiments, each
outdoor acquisition radio module 22’ is installed at a re-
spective signalling entity and may be connected (by
means of connectors, cables or jacks) to a terminal block
(e.g. a terminal strip) of a respective signalling entity to
be monitored. In addition or alternatively, the outdoor ac-
quisition radio module 22’ may also be connected to non-
invasive sensors connected directly to the cables from
the signalling element, as will be described in greater
detail below.

[0036] Asdescribed above, each indoor or outdoor ac-
quisition radio module is preferably connected to a re-
spective signalling entity and is therefore associated with
it. This means that the data acquired by the acquisition
radio module, once processed and transferred to the
gateway radio module and to the apparatuses of the data
presentation level, in order to be made available to the
railway infrastructure manager and the operators respon-
sible for the maintenance and control operations, is
uniquely associated with the corresponding signalling el-
ement.

[0037] Figure 2 shows a block diagram of an indoor
acquisition radio module 22 according to embodiments
of the present invention. Preferably, in the system ac-
cording to the presentinvention, all the indoor acquisition
radio modules have the same block diagram, which is
shown in Figure 2.

[0038] The indoor acquisition radio module 22 prefer-
ably comprises an acquisition unit 221 connected to a
processing unit 222. In turn, the processing unit 222 is
connected to a viewing (or display) unit 223 and to a
short-range radio link unit 224. The short-range radio link
unit 224 is preferably connected to an antenna 225.
[0039] Figure 3 shows a block diagram of the acquisi-
tion unit 221. The acquisition unit 221 preferably com-
prises one or more ports, each configured to house a
number of diagnostic interfaces for connecting to the in-
door acquisition radio module 22 a corresponding
number of sensors configured to measure a given type
of physical parameters associated with the signalling en-
tities to be monitored. According to the preferred embod-
iment of the present invention shown in Figure 3, the
acquisition unit 221 preferably comprises one or more of
the following ports:

- afirst port 21a, indicated also as MS-IF port, com-
prising in turn a first number of interfaces for con-
necting to the indoor acquisition radio module 22
sensors configured to measure mechanical param-
eters such as, for example, force, torque, mass,
damping force, torsion or pressure;

- asecond port21b, indicated also as TS-IF port, com-
prising in turn a second number of interfaces for con-
necting to the indoor acquisition radio module 22
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sensors configured to measure thermodynamic pa-
rameters such as, for example, temperature and
thermal conductivity; and

- a third port 21c¢, indicated also as ES-IF port, com-
prising in turn a third number of interfaces for con-
necting to the indoor acquisition radio module 22
sensors configured to measure electrical parame-
ters such as, for example, voltages, currents, resist-
ances and inductances.

[0040] The acquisition unit 221 may comprise a varia-
ble number of diagnostic interfaces depending on the
electrical parameters to be measured for the signalling
entity in question. From a hardware point of view, the
interfaces are programmable modules which comprise
the sensors configured to measure the mentioned pa-
rameters. The sensors may be integrated in the corre-
sponding interfaces or be linked or connected to them
by means of suitable connectors and/or cables and/or
jacks. In particular, as regards the electrical parameters,
for measurement of alternating currents and voltages,
the sensors preferably comprise non-invasive "Hall ef-
fect" sensors, for example consisting of clip transformers
configured to be connected to the current cable to be
monitored, supplied from the signalling element. For
measurement of direct currents and voltages, the sen-
sors preferably comprise invasive sensors such as trans-
formers or voltage dividers which require the cabling of
two wires between the terminal strip and the sensor itself.
[0041] Below, the diagnostic interfaces which may be
presentin an acquisition unit 221 will be briefly described
with reference to the respective signalling entity and the
measurements which they may provide.

[0042] As regards the light signals, the diagnostic in-
terfaces may comprise a light signal interface with fan
devices (indicated also as IF-SLV) and a dichroic-mirror
light signal interface (indicated also as IF-SLD). These
diagnostic interfaces preferably provide a coded ac pow-
er supply voltage measurement within the range from 0
Vac to 150 Vac. The aforementioned measurements are
known to the person skilled in the art and may be derived
from the specification RFI TCSSTB SF IS 18 755 A "RFI-
Interfacce per diagnostica IS secondo V409 e V410 con
uscita digitale" [RFI interfaces for IS diagnostics accord-
ing to V409 and 410 with digital output]. These measure-
ments will therefore not be further described.

[0043] Asregards the turnouts, the diagnostic interfac-
es may comprise:

- aturnout interface (IF-DEV), which allows the turn-
outtoperating currents and voltages to be measured;

- a non-trailability electromagnet interface (IF-EL),
which allows operating currents and voltages to be
measured.

[0044] Preferably, the interface IF-DEV provides the
following measurements:
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- bipolar dc power supply voltage measurement of the
relay KD-KD from -60 Vdc to +60 Vdc;

- unipolar dc power supply voltage measurement of
the turnout from 0 Vdc to 160 Vdc;

- unipolar dc power supply voltage measurement of
the turnout from 0 Vdc to 160 Vdc (counter-manoeu-
vre);

- absorption current measurement of the turnout from
0Ato25A.

[0045] Preferably, the interface IF-EL provides the fol-
lowing measurements:

- unipolar dc voltage measurement of the relay KED
from 0 Vdc to 60 Vdc;

- unipolar dc power supply voltage measurement of
the electromagnet from 0 Vdc to 60 Vdc;

- absorption current measurement of the electromag-
netfrom 0 Ato 1.5 A.

[0046] The aforementioned measurements are known
to the person skilled in the art and may be derived from
the specification RFI TCSSTB SF IS 18 755 A "RFI-In-
terfacce per diagnostica IS secondo V409 e V410 con
uscita digitale" [RFI interfaces for IS diagnostics accord-
ing to V409 and 410 with digital output]. These measure-
ments will therefore not be further described.

[0047] As regards the level crossings, the diagnostic
interfaces may comprise:

- alevel crossing interface (IF-PL), which allows op-
erating currents and voltages to be measured;
- an audiofrequency track circuit interface (IF-CBAF).

[0048] Preferably, the interface IF-PL provides the fol-
lowing measurements:

- bipolar dc power supply voltage measurement of the
relay KLP-KPL from -60 Vdc to +60 Vdc;

- unipolar dc power supply voltage measurement
of the manoeuvring box from 0 Vdc to 160 Vdc;

- unipolar dc power supply voltage measurement
of the manoeuvring box from 0 Vdc to 160 Vdc
(counter-manoeuvre);

- absorption current measurement of the ma-
noeuvring box from 0 A to 25 A.

[0049] Preferably, the interface IF-CBAF provides a
coded ac power supply voltage measurement from 0 Vac
to 150 Vac.

[0050] The aforementioned measurements are known
to the person skilled in the art and may be derived from
the specification RFI TCSSTB SF IS 18 755 A "RFI-In-
terfacce per diagnostica IS secondo V409 e V410 con
uscita digitale" [RFI interfaces for IS diagnostics accord-
ing to V409 and 410 with digital output]. These measure-
ments will therefore not be further described.
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[0051] As regards the track circuits, the diagnostic in-
terfaces may comprise:

- fixed current track circuit interface (IF-CBCF), which
allows measurement of the local and field voltage
from which the phase-displacement angle and the
torque applied to the disk relay are obtained;

- coded current track circuit interface (IF-CBCC),
which allows measurement of the voltage and cur-
rent useful for calculating the period and duty-cycle
of the code;

- track temperature sensor interface (IF-T), which al-
lows measurement of the track temperature;

- track vibration sensor interface (IF-V), which allows
the track vibrations to be measured.

[0052] Preferably, the interface IF-CBCF provides the
following measurements:

- measurement of the local power supply voltage of
the disk relay from 0 Vac to 100 Vac with frequency
at 50 Hz;

- measurement of the field power supply voltage of
the disk relay from 0 Vac to 50 Vac with frequency
at 50 Hz;

- measurement of the disk relay logic state dc voltage
driven by the said relay from 0 Vdc to 60 Vdc.

[0053] Preferably, the interface IF-CBCC provides the
following measurements:

- measurement of the coded ac power supply voltage
from 0 Vac to 170 Vac;

- measurement of the power supply absorption cur-
rentfrom 0 Ato 1.5 A.

[0054] The aforementioned measurements are known
to the person skilled in the art and may be derived from
the specification RFI TCSSTB SF IS 18 755 A "RFI-In-
terfacce per diagnostica IS secondo V409 e V410 con
uscita digitale" [RFI interfaces for IS diagnostics accord-
ing to V409 and 410 with digital output]. These measure-
ments will therefore not be further described.

[0055] According tothe presentinvention, the interface
IF-T provides a temperature measurement expressed in
degrees Celsius within the range from 0°C to 70°C.
[0056] Moreover, according to the present invention,
the interface IF-V provides vibration, shock, acceleration
and movement measurements. The factors which influ-
ence the level of vibrations produced along the rail by
the passing of a train may be classified in three catego-
ries:

- operating factors associated with the vehicle, such
as the speed of passing of the trains, rigidity of ve-
hicle suspension, the wheel characteristics;

- factors associated with the tracks: the type of railway
superstructure (mass and rigidity of its components)



11 EP 3 375 691 A1 12

and maintenance conditions; and

- factors of a geotechnical nature such as the strati-
graphic and mechanical properties of the ground on
which the rail is laid;

[0057] In particular, the interface IF-PV may provide
measurements which are indicative of the following vi-
bration parameters: acceleration, speed and displace-
ment. The interface IF-V may for example incorporate a
triaxial acceleration piezoelectric sensor (X, Y, Z axes)
with frequency response of up to 60 kHz and scale end
value of 500 g. According to the present invention, the
interface IF-V, by means of the sensor, preferably re-
ceives at its input the vibrations along the three axes X,
Y, Z and may provide at its output the components, along
the three axes mentioned above, of a voltage indicative
of the velocity of the vibration along the axis of the rail.
The vibrations along the X axis are typically due to the
movement of the train, the vibrations along the Y axis are
typically due to landslip or breakage of the rail, while the
vibrations along the Z axis are typically due to the falling
of objects (such as rocks or animals) onto the rail.
[0058] As regards the sentry stations, the diagnostic
interfaces may comprise:

- anautomatic block reversal interface (IF-IBA), which
allows measurement of block reversal relation volt-
ages;

- bush temperature detection interface (IF-RTB);

- line relations interface (IF-RL).

[0059] Preferably, the interface IF-IBA provides the fol-
lowing measurements:

- bipolar dc power supply voltage measurement from
-60 Vdc to +60 Vdc;

- bipolar dc power supply voltage measurement from
-60 Vdc to +60 Vdc.

[0060] The aforementioned measurements are known
to the person skilled in the art and may be derived from
the specification RFI TCSSTB SF IS 18 755 A "RFI-In-
terfacce per diagnostica IS secondo V409 e V410 con
uscita digitale" [RFI interfaces for IS diagnostics accord-
ing to V409 and 410 with digital output]. These measure-
ments will therefore not be further described.

[0061] Accordingtothe presentinvention, the interface
IF-RTB provides a measurement of the temperature of
the bushes expressed in degrees Celsius within the
range 0°C to 70°C.

[0062] Accordingtothe presentinvention, the interface
IF-RL analyzes whether the so-called line relations are
satisfied, namely the safety logic conditions for railway
travel between two railway stations (in fact at least one
sentry station is typically present between two stations),
such as the following:

- the preceding train left the section;
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- thesectionmustbe free from vehicles and obstacles;

- the track must be intact;

- the signal appearance must be clearly visible and
correct;

- theline section between two movement places must
be not occupied by trains travelling in the opposite
direction.

[0063] Preferably, the interface IF-RL checks for the
fulfilment of the aforementioned conditions and provides
the following measurements:

- measurementof sigmalL voltage (logic interface) op-
erating on two levels: 48 V for relations controlled at
a distance of less than 5 km and 144 V for relations
controlled at distances greater than 5 km;

- measurement of sigma BA voltage (automatic block)
from 48 V to 144 V.

[0064] The aforementioned measurements are known
to the person skilled in the art and may be derived from
the specification RFI TCSSTB SF IS 18 755 A "RFI-In-
terfacce per diagnostica IS secondo V409 e V410 con
uscita digitale" [RFI interfaces for IS diagnostics accord-
ing to V409 and 410 with digital output]. These measure-
ments will therefore not be further described.

[0065] Considering again the block diagram of Figure
22, the processing unit 222 is preferably configured to
receive, from the acquisition unit 221, the data from the
diagnostic interfaces of the signalling entities and trans-
mit said data to the display unit 223 and to the short-
range radio link unit 224. The processing unit 222 pref-
erably comprises two processing and control sub-units
(not shown in the Figure). Each processing and control
sub-unit preferably comprises a respective microproces-
sor or microcontroller. The two microprocessors are con-
nected together in so-called "failover" mode. According
to said mode, in the event of a fault or breakdown of a
processing and control sub-unit, the operativity of the
processing unit 222 is ensured by the presence of the
second processing and control sub-unit.

[0066] The first processing and control sub-unit con-
sists of two stages (not shown in the Figures). The first
stage is preferably configured to sample the data from
the acquisition unit 221, process it, filter it and provide a
stream of filtered data to the second stage of the first
processing and control sub-unit.

[0067] In particular, the first stage is preferably config-
ured to:

- sample the signals from the acquisition unit. This op-
eration comprises establishing a serial connection
with the acquisition unit in order to sample, at a pre-
determined frequency, the signals from the sensors
of the acquisition unit 221;

- calibrate the amplitudes of these samples to signif-
icant amplitudes in relation to the signalling entity in
question. For example, if the used sensors operate
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providing voltages within the range 0-5 volts, the cal-
ibration performed in this first stage allows the am-
plitudes of the samples to be adjusted from the val-
ues mentioned to values for example comprised
within the power supply range of 0-220 volts of the
signalling element; and

- filter the calibrated data. This operation comprises
reducing the measurement mean error by means of
averaging operations and corrections applied to the
data, using known methods which will not be further
described since they do not form the subject of the
present invention. Optionally, the filtering operation
may further comprise compressing the data by ap-
plying a data compression algorithm. The data com-
pression algorithm may be a known so-called "com-
pressive sampling" algorithm. Such an algorithm is
for example described in E. Candés and Micheal
B.Wakin, "An Introduction To Compressive Sam-
pling" IEEE. Signal Processing Magazine March
2008; Bajwa,W. U., Haupt, J., Sayeed, A. M., Nowak,
R., Compressive wireless sensing. In Proc. 5th Intl.
Conf. on Information Processing in Sensor Networks
(IPSN ’06), Nashville, TN 2006, 134-142.

[0068] The first stage may moreover perform meas-
urement data processing operations, before the calibra-
tion and filtering operations described hereinabove. As
regards the data provided by the interface IF-V, the first
stage may execute an algorithm which compares, for
each axis X, Y, Z, the measured voltage which is indic-
ative of the vibration velocity along the respective axis
with a reference voltage corresponding to a known vibra-
tion pattern. In the case where one of the measured volt-
ages differs from the corresponding known vibration pat-
tern, an alarm is preferably generated. In this case, since
the diagnostic interface IF-V is preferably housed in an
outdoor acquisition radio module 22’ positioned along
the track, the outdoor acquisition radio module 22’ may
send the processed data (namely, data indicative of
whether or not the vibration pattern corresponds to a
known vibration pattern) to the gateway radio module 31
located in the sentry station 31. The gateway radio mod-
ule 31 stores this data and sends to the apparatuses of
the data presentation level 4 an alarm message which
activates a corresponding alarm notification for the mon-
itored signalling entity (in this case the track) on a graph-
ical user interface of the data presentation level 4. This
alarm notification may be a video and/or audio indication
which may be used, for example, by an operator at a
control centre. The alarm notification may be, for exam-
ple, the opening of a window or pop-up frame on the
graphical interface, or a change (for example in colours)
in the display of graphical elements relating to the specific
signalling entity.

[0069] As regards the data provided by the interface
IF-RL, the first stage may execute an algorithm which
performs reading of the line relations, namely checks that
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they are satisfied, outputting a voltage value indicative
of the instantaneous safety condition along the consid-
ered railway line section. For example, if all the logic con-
ditions mentioned above are satisfied, the first stage may
output a voltage indicating that all the safety logic condi-
tions have been satisfied, for example a dc voltage having
the value of 5 Volts. If instead at least one of the safety
logic conditions is not satisfied, the first stage may pro-
vide atits output a zero voltage value which may generate
an alarm. In this case, as already described above with
reference to the interface IF-V, the gateway radio module
31 which collects the measurement data may store this
dataand sendtothe apparatuses ofthe data presentation
level 4 an alarm message which activates a correspond-
ing alarm notification for the monitored signalling entity
(in this case, the sentry station) on a graphical user in-
terface of the data presentation level 4.

[0070] The second stage of the first processing and
control sub-unit of the processing unit 222 is preferably
configured to adapt the data from the first stage in order
to send it to the display unit 223. In particular, this oper-
ation comprises establishing a serial connection with the
display unit 223.

[0071] The second processing and control sub-unit of
the processing unit 222 consists of two stages (not shown
in the Figures). The first stage is preferably configured
to sample the data from the acquisition unit 221, process
it, filter it and provide a stream of data, which may also
be compressed, to the second stage of the second
processing and control sub-unit, as already described
above with reference to the first stage of the first process-
ing and control sub-unit.

[0072] It should be noted that, as regards the data
processing operations described above with reference
to the interface IF-V, each of the two first stages of the
processing and control sub-units operates on the meas-
urement data in parallel. As regards instead processing
of the measurement data of the interface IF-RL, each
processing sub-unit may generate a respective output
voltage indicating whether or not all the safety logic con-
ditions have been satisfied. If at least one of the two out-
put voltages has a zero value, an alarm may be gener-
ated.

[0073] The second stage of the second processingand
control sub-unit is preferably configured to monitor the
data from the first stage before sending it to the short-
range radio link unit224. In particular, this operation com-
prises establishing a serial connection with the short-
range radio link unit 224.

[0074] Fromthehardware pointof view, the processing
unit 222 may consist of an FPGA which implements an
SoC (system on chip).

[0075] The display unit 223 is preferably configured to
display locally the data processed by the processing unit
222 and then make it available for an operator able to
connect to it. The display unit 223 may consist of a high
resolution graphical display with 128x64 matrix.

[0076] The short-range radio link unit 224 is preferably
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a radio transceiver and is preferably configured to send
wirelessly, via the antenna 225, the data processed by
the processing unit 222 to another indoor acquisition ra-
dio module 22 or to a gateway radio module. The short-
range radio link unit 224 is also preferably configured to
receive the processed data at another indoor acquisition
radio module and to forward this data to a further indoor
acquisition radio module or to a gateway radio module,
again via the antenna 225. The short-range radio link unit
224 is preferably configured to operate using a wireless
communication technology, such as the Wi-Fi technolo-
gy, according to one of the protocols of the IEEE 802. 11
family (IEEE 802.11n or IEEE 802.11ac) In this case, the
radio channel may be chosen for example from among
the 14 channels available in Wi-Fi 802.11n technology
operating at 2.4 GHz and the 23 channels available in
Wi-Fi 802.11n technology operating at 5 GHz. Other
technologies which may be used are, for example, the
Zigbee technology and the Bluetooth technology (IEEE
802.15). Moreover, the short-range radio link unit 224 is
configured to send and receive data using preferably a
messaging protocol, in particular a "light" messaging pro-
tocol, such as for instance the "Message Queue Telem-
etry Transport" (MQTT) protocol. The use of the MQTT
protocol is particularly advantageous because it allows
the energy consumption to be reduced, while preserving
in any case a queue of messages in the event of inter-
ruption of the communication. Other protocols which may
be used are for example SMQTT (Secure MQTT), AMQP
(Advanced Message Queuing Protocol) and XMPP (Ex-
tensible Messaging and Presence Protocol).

[0077] An outdoor acquisition radio module 22’ has a
block diagram which is architecturally similar to that of
the indoor acquisition radio module 22 shown in Figure 2.
[0078] According to the present invention, both the in-
door acquisition radio module 22 and the outdoor acqui-
sition radio module 22’ have a modular hardware struc-
ture. In particular, each of these modules preferably com-
prises a base board (which comprises for example the
processing unit 222), said base board providing a set of
housings, connectors and links which is identical for all
the modules. In particular, as mentioned above, the base
board provides a set of ports MS-IF, TS-IF, ES-IF, iden-
tical for all the modules, for housing the diagnostic inter-
faces with the sensors, which may instead differ from
each other depending on the type of physical parameters
to be measured.

[0079] Figure 4 shows a block diagram of a gateway
radio module 31 according to embodiments of the
present invention. The gateway radio module 31 prefer-
ably comprises a short-range radio link unit 311, con-
nected to a first antenna 312, a first processing unit 313,
connected to the short-range radio link unit 311, a second
processing unit 314 connected to the short-range radio
link unit 311, and a long-range radio link unit 315 con-
nected to the first processing unit 313 and to the second
processing unit 314 and to a second antenna 316. Pref-
erably, each gateway radio module 31 of the system ac-
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cording to the presentinvention is positioned in a respec-
tive sentry station 61, 6b, 6¢.

[0080] The short-range radio link unit 311 is preferably
a radio transceiver and is configured to receive, via the
first antenna 312, the data processed in one or more
acquisition radio modules 22, 22'. The short-range radio
link unit 311 is preferably configured to operate using a
wireless communication technology, such as the Wi-Fi
technology, based on one of the protocols of the IEEE
802.11 family (IEEE 802.11n or IEEE 802.11ac). Other
technologies which may be used are, for example, the
Zigbee technology and the Bluetooth technology (IEEE
802.15). Moreover, the short-range radio link unit 311 is
configured to receive data using preferably a messaging
protocol, in particular a "light" messaging protocol, such
as the MQTT protocol. Other protocols which may be
used are, for example, SMQTT, AMQP and XMPP.
[0081] The first processing unit 313 is preferably con-
figured to receive data from the short-range radio link
unit 311, said data coming from one or more acquisition
radio modules 22, 22’. The first processing unit 313 pref-
erably comprises two stages. The first stage is preferably
configured to:

- control the serial communication with the short-
range radio link unit 311 and synchronize the incom-
ing data flows from the various acquisition radio mod-
ules 22, 22’;

- aggregate the data received from the various acqui-
sition radio modules 22, 22’, discarding redundant
data and any corrupt packets;

- send the data received from the various acquisition
radio modules 22, 22’ to the second stage which per-
forms data compression, as will be described in
greater detail herein below.

[0082] The second stage is preferably configured to
compress the data from the first stage before sending it
to the long-range radio link unit 315. In greater detail, the
second stage is preferably configured to:

- compress the data from the first stage; and
- send the compressed data to the long-range radio
link unit 315.

[0083] Thefirstdataprocessing unit313, fromthe point
of view of hardware, is an SoC integrated circuit imple-
mented using an FPGA component.

[0084] The second processing unit 314 is preferably
configured to receive data from the short-range radio link
unit 311, said data coming from one or more acquisition
radio modules 22,22’ and to process this datain a similar
manner to that performed by the first processing unit 313.
Itis connected to the first processing unit 313 in so-called
"failover" mode. The second data processing unit 314,
from the hardware point of view, is also an SoC integrated
circuit implemented using an FPGA component.

[0085] Preferably, each gateway radio module 31
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present along the railway line portion to be monitored
collects measurement data from a respective type of sig-
nalling entities present along the line. For example, a first
gateway radio module may collect measurement data
from the turnouts present along the line section, by con-
necting to the acquisition radio modules which acquire
said data; a second gateway radio module may collect
measurement data from the level crossings present
along the line section, by connecting to the acquisition
radio modules which acquire such data; and so on.

[0086] The aforementioned data compression mech-
anism implemented by the second stage of the first
processing unit 313 of the gateway radio module 31 com-
prises preferably three data processing procedures:

- aggregation and comparison with pre-determined
thresholds for each measurement type;

- filtering; and

- compression.

[0087] The aggregation procedure comprises aggre-
gating the data received depending on the type of meas-
urement which generated said data. This operation com-
prises, at each gateway radio module 31, reading the
measurement data collected by the acquisition radio
modules for the considered signalling entity and grouping
together this measurement data according to the type of
measurement (e.g. for the "turnout” type signalling entity,
bipolar dc power supply voltage measurements, absorp-
tion current measurements, etc.; for the "track circuit"
type signalling entity, disk relay local power supply volt-
age measurements, coded ac power supply voltage
measurements, absorption current measurements, tem-
perature measurements, etc.) so as to have one or more
vectors with homogeneous values corresponding to the
values of the parameters measured for the considered
signalling entities, all of the same type.

[0088] For example, at a gateway radio module 31, in
particular at the second stage of the first processing unit
313 of the gateway radio module 31, a first vector may
group together measured voltage values of the various
signalling entities of a certain type (for example the uni-
polar dc power supply voltages of the turnouts), a second
vector may group together measured current values of
the various signalling entities of the same type (for ex-
ample, the absorption currents of the turnouts), a third
vector may group together values of another parameter
to be measured of the various signalling entities of the
same type (for example, the bipolar dc power supply volt-
ages of the relay KD-KD), and so on.

[0089] Once the data has been aggregated as de-
scribed above, the values of each vector are preferably
compared one by one with a predetermined threshold
value stored in the second stage of the first processing
unit 313 of the gateway radio module 31. The predeter-
mined threshold value for a given measurement is pref-
erably an expected value for that measurement deter-
mined on the basis of activation tests carried out on the
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considered signalling entity by specialized operators. For
example, as regards the signalling entity of the "dichroic
mirror light signal" type, a predetermined threshold value
for the coded ac power supply voltage may be equal to
150 Vac +- 6%.

[0090] The second stage of the first processing unit
313 of the gateway radio module 31 therefore preferably
compares, for each measurement data aggregation vec-
tor, each value of this vector with the respective threshold
value. If a value of the considered vector exceeds the
threshold value, the second stage of the first processing
unit 313 of the gateway radio module 31 preferably im-
plements an alarm procedure for the signalling entity, the
measurement value of which is not within the threshold.
The alarm procedure may consist in sending an alarm
message to the apparatuses of the data presentation lev-
el 4, which activates a corresponding alarm notification
for the signalling entity monitored on a graphical user
interface of the data presentation level 4, as already de-
scribed above. This alarm procedure may result in pre-
ventive maintenance of the signalling entity, because,
based on the alarm, action may be taken on the signalling
entity before it breaks down.

[0091] With reference to the aforementioned example,
the second stage of the first processing unit 313 of the
gateway radio module 31 compares the ac voltage signal
present at the terminals of the green lamp with the pre-
determined threshold value (150 Vac +- 6%). If this value
lies between 141 Vac and 159 Vac then the system is
functioning correctly and alarms are not generated. In
the case where a voltage less than 141 Vac or greater
than 159 Vac is detected, then an alarm is generated.
[0092] The filtering procedure implemented at the sec-
ond stage of the first processing unit 313 of the gateway
radio module 31 preferably comprises the following
steps:

- elimination of redundancies between measurement
waveforms acquired at two consecutive instants.
Preferably, a measurement waveform (for example
consisting of the bipolar dc power supply voltage
samples of a turnout) is acquired continuously for a
predefined time interval, which may be periodically
repeated. The operation of redundancy elimination
involves comparing the waveforms acquired during
consecutive periods and comparing these wave-
forms. If the two waveforms are the same, this pro-
cedure envisages eliminating the oldest waveform
and storing the most recent waveform. If the two
waveforms are different, the procedure envisages
storing both waveforms. This operation is preferably
repeated for each acquired waveform.

- noise reduction. This step may comprise carrying
out a configurable averaging operation on the meas-
urement samples (for example, on samples of the
bipolar dc power supply voltage of a turnout) which
in turn comprises storing a certain number of sam-
ples for a given time period and calculating an aver-
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age value thereof. The number of considered sam-
ples may be variable and, once a predefined sam-
pling frequency has been fixed, depends on the pre-
cision which is to be obtained. For example, the con-
figurable averaging operation may comprise storing
one measurement sample per second and calculat-
ing the average of 60 samples every 60 seconds
(low precision) or storing ten measurement samples
per second and calculating the average of 100 sam-
ples every 10 seconds (high precision).

- filtering in the frequency domain. The operation of
filtering the data in the frequency domain is typically
known and may be for example carried out by ap-
plying to the data spectrum a predefined window, for
example a Hanning window.

[0093] The procedure of compression of the filtered
data preferably comprises applying a "compressive sam-
pling" (CS) algorithm. Such an algorithm may be the
known algorithm described in E. Candés and Micheal
B.Wakin, "An Introduction To Compressive Sampling"
IEEE. Signal Processing Magazine March 2008; Bajwa,
W.U., Haupt, J., Sayeed, A. M., Nowak, R., Compressive
wireless sensing. In Proc. 5th Intl. Conf. on Information
Processing in Sensor Networks (IPSN ’06), Nashville,
TN 2006, 134-142. The inventor has noted that the use
ofthe compressive sampling technique results in the pos-
sibility of obtaining compression ratios of up to 70%. In
fact, advantageously, by applying such an algorithm it is
possible to reconstruct a signal from a number of samples
smaller than that envisaged using the known "Nyquist
frequency". Therefore, advantageously, the use of the
compressive sampling method allows the transmission
of a small amount of data compared to conventional
methods, resulting in the possibility of using low-cost in-
tegrated devices with limited hardware (for example
memory) resources as well as shorter processing times.
[0094] The long-range radio link unit 315 is preferably
a radio transceiver and is configured to transmit, via the
second antenna 316, the data processed in the gateway
radio module 31, in particular the stream of data supplied
by the first processing unit 313 and by the second
processing unit 314 (therefore, a stream of compressed
data) to another gateway radio module or to a station of
the railway line. This data may also be sent directly from
the long-range radio link unit 315 of the gateway radio
module 31 to the apparatuses of the cloud computing
infrastructure which implements the data presentation
level 4. The long-range radio link unit 315 is preferably
configured to operate by means of a wireless communi-
cation technology, such as the LoRa technology, using
a frequency channel for example at about 433 MHz,
about 868 MHz or about915 MHz. Alternatively, the long-
range radio link unit 315 may operate using the SIGFOX
wireless communication technology, using a frequency
channel forexample at about 868 MHz or about 902 MHz.
Moreover, the short-range radio link unit 311 is config-
ured to receive data using a messaging protocol, in par-
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ticular a "light" messaging protocol, such as the MQTT
protocol.

[0095] Figure 5 schematically shows the software ar-
chitecture of the data presentation level 4 of the monitor-
ing system according to embodiments of the present in-
vention.

[0096] Preferably, the software architecture of the data
presentation level 4 according to the present invention
comprises aweb server41 configured to publishin HTTP
format the data from the gateway radio modules 31.
[0097] Moreover, the software architecture of the data
presentation level 4 preferably comprises a first module
42 of the "scripting engine" type configured to decom-
press the data supplied by the gateway radio modules
31 present along the railway infrastructure to be moni-
tored, applying the reverse procedure of the compression
procedure performed in the said gateway radio modules
31, as described here above.

[0098] The software architecture of the data presenta-
tion level 4 preferably also comprises a database 43 con-
figured to store the data received from the gateway radio
modules 31.

[0099] The software architecture of the data presenta-
tion level 4 preferably also comprises a plurality (five, in
the embodiment shown in Figure 5, indicated schemati-
cally by the reference numbers 44a, 44b, 44c, 44d, 44¢)
of interface plug-ins, each of which comprises a software
component able to manage data from the diagnostic in-
terfaces relating to a respective type of signalling ele-
ment. In particular, the data presentation level 4 prefer-
ably comprises:

- a light signal interface plug-in for enabling the dis-
play, on a graphical user interface, of the data from
the diagnostic interfaces for these signalling entities
(namely the interfaces IF-SLV and IF-SLD). Using
the displayed data it will be possible, for an operator
or automatically, to determine maintenance periods
for the light signals and transmit alarms and corre-
sponding alarm reports. As already described
above, an alarm may be activated by means of an
alarm notification for the monitored signalling entity
(in this case the light signals) on a graphical user
interface of the data presentation level 4. This alarm
notification may be, for example, a video and/or au-
dio indication which can be used, for example, by an
operator at a control central, such, as for example,
the opening of a window or a pop-up frame on the
graphical interface, or a change (for example in col-
ours) in the display of graphical elements relating to
the specific signalling element;

- a turnout interface plug-in for enabling the display,
on a graphical user interface, of the data from the
diagnostic interfaces for these signalling entities
(namely the interfaces IF-DEV and IF-EL). Using the
displayed data it will be possible, for an operator or
automatically, to determine maintenance periods for
the turnouts and transmit alarms and corresponding
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alarm reports, as already described above.

- alevel crossinginterface plug-in for enabling the dis-
play, on a graphical user interface, of the data from
the diagnostics interfaces for these signalling entities
(namely the interfaces IF-PL and IF-CBAF). Using
the displayed data it will be possible, for an operator
or automatically, to determine maintenance periods
for the level crossings and transmit alarms and cor-
responding alarm reports, as already described
above.

- atrack circuit interface plug-in for enabling the dis-
play, on a graphical user interface, of the data from
the diagnostic interface for these signalling entities
(namely the interfaces IF-CBCF, IFCBCC, IF-T and
IF-V), in particular for preventing collisions of railway
convoys with objects present on the tracks, such as
trees or rocks which have fallen onto the track, or
animals. Using the displayed data it will be possible,
for an operator or automatically, to determine main-
tenance periods for the track circuits and transmit
alarms and corresponding alarm reports, as already
described above;

- asentry station interface plug-in for enabling the dis-
play, on a graphical user interface, of the data from
the diagnostic interfaces for these signalling entities
(namely the interfaces IF-IBA, IF-RTB and IF-RL).
Using the displayed data it will be possible, for an
operator or automatically, to determine maintenance
periods for the sentry stations and transmit alarms
and corresponding alarm reports, as already de-
scribed above.

[0100] Finally, the software architecture of the data
presentation level 4 comprises a graphical user interface
45 (GUI) comprising a second module of the "scripting
engine" type configured to make available the data for
display by a user (for example, a maintenance operator),
in a manner which may be easily used by the user. By
means of the GUI the user may interrogate the database
43 in order to recover data relating to the monitoring of
the various considered signalling entities. Moreover, as
described above, the GUI may display the alarm notifi-
cations for the various monitored signalling entities.
[0101] The software architecture of the presentation
level 4 of the system according to the present invention
is preferably implemented in a cloud computing infra-
structure which is accessible, on the one hand, by the
stations of the railway infrastructure, in order to transmit
and, where necessary, recover the data collected by the
acquisition level 2 of the system and, on the other hand,
by the maintenance operators (via mobile devices such
as smartphones or tablets, or via control rooms) and by
the railway network manager. This architecture compris-
es the hardware resources and apparatuses (for exam-
ple, multiprocessor machines, mass memories, etc.)
which house the software modules described herein-
above and provide the required processing, transmission
and archiving resources.
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[0102] With reference to Figure 6, the operation of the
monitoring system 1 according to preferred embodi-
ments of the present invention will now be described,
with reference to two use cases of the present system.
[0103] Asalready mentioned, Figure 6 shows arailway
line section 5 being monitored by the monitoring system
1 according to the present invention. The Figure also
shows three sentry stations 6a, 6b, 6¢, which are located
along the railway line and are typically arranged at a dis-
tance of about 2 km from each other, and a station 7.
The sentry stations 6a, 6b, 6¢ and the station 7 are con-
nected wirelessly together. The wireless link is realized,
for example, by means of the LoRa technology and the
data is exchanged via MQTT protocol, as described
above.

[0104] According to the situation shown by way of ex-
ample in the Figure, the sentry station 6a comprises an
indoor acquisition radio module 22 connected to a sig-
nalling element, for example a turnout 11b, via, for ex-
ample, the 12-pole terminal strip present in the sentry
station 6a. The indoor acquisition radio module 22 is also
connected to the gateway radio module 31 by means of
WiFi technology and both the modules 22 and 31 are
configured to exchange data by means of the MQTT pro-
tocol. Moreover, the system according to the embodi-
ment shown in Figure 6 comprises an outdoor acquisition
radio module 22’ positioned on the tracks along the rail-
way line and connected to a signalling entity, for example
atrack circuit 11d. The outdoor acquisition radio module
22’ is for example also connected to the gateway radio
module 31 and both the modules 22’ and 31 are config-
ured to exchange data by means of the MQTT protocol.
[0105] In orderto monitor, for example, the turnout sig-
nalling entity 11b, the indoor acquisition radio module 22
according to the present invention collects the measure-
ment data via one or more diagnostic interfaces of the
turnout, namely the interface IF-DEV and the interface
IF-EL. The measurements collected are those indicated
previously. The measurement data is transferred from
the short-range radio link unit of the indoor acquisition
module 22 to the short-range radio link unitof the gateway
radio module 31. The gateway radio module 31 process-
es the received data as described above, in particular
applies the aggregation, filtering and compression pro-
cedures described above, and sends the processed data
to a further gateway radio module or to the station 7, via
the associated long-range radio link unit. The data col-
lected at the station or at a gateway radio module is finally
sent to the cloud computing infrastructure of the data
presentation level 4 of the present system. This infra-
structure decompresses the data and stores it in the da-
tabase so that the decompressed data is available to the
operators responsible for maintenance of the railway in-
frastructure (the data being displayed, for example, on a
tablet 8 or in the control room 9, following connection to
the database) as well as to the railway network manager
via, forexample, a proprietary data network 10 connected
to the database by means of ADSL.
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[0106] According to a further example of use of the
system according to the present invention, in order to
monitor, for example, the track circuit 11d and in partic-
ular analyze the vibrations acting on the track (these, as
mentioned above, may provide information useful for de-
tecting the presence of an object such as a tree, ananimal
or a rock on the tracks), the second outdoor acquisition
radio module 22’ collects the measurement data via the
interface IF-V directly at the signalling element. The
measurements collected are sent to the gateway radio
module 31 and then to the cloud computing infrastructure
in the same manner described above.

[0107] The system according to the present invention
is particularly efficient and advantageous from a cost
point of view. It in fact allows the use of a plurality of low-
cost integrated devices (FPGA microcontrollers, DSP
processors) which process the measurement data of the
signalling entities, acquired continuously along the rail-
way line, and send said data wirelessly to a cloud com-
puting infrastructure by means of which it is made avail-
able to a plurality of users. The processing performed at
the acquisition level and the network level of the system
advantageously allows the data to be compressed so as
to transmit a small number of digital samples, which al-
lows using low-cost integrated devices with limited hard-
ware (for example memory) resources. The wireless
transmission of the data may therefore be performed by
means of low frequency and low capacity radio devices.
The system is not invasive since it involves the introduc-
tion in the sentry station of modules which operate en-
tirely independently of the standard equipment and com-
municate wirelessly inside the sentry station and exter-
nally, without interfering with the conventional existing
cable communications. The use of low energy wireless
communication technologies such as the LoRa technol-
ogy results in a longer working life of the used batteries,
especially in the outdoor radio modules which cannot be
powered by the mains voltage.

[0108] Moreover, advantageously, with the monitoring
system according to the presentinventionitis possible to:

- monitor remotely and continuously the state of the
signalling entities both as regards the electrical pa-
rameters involved and as regards the mechanical
parameters such as vibrations and temperature of
the track, in order to effectively program in due time
and in a predictive manner the maintenance work on
the railway network;

- efficiently monitor the conditions of the track so as
to avoid the collisions of train convoys passing along
the track with any objects accidentally present ther-
eon, such as trees, rocks or animals.

- gradually eliminate the copper cables between the
sentry stations and between the sentry stations and
the stations of the railway line, so as to drastically
reduce the cable installation and maintenance costs
and avoid the serious problems arising from the theft
of said cables or tampering thereof; and
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- effectively re-scale the measurement data distribu-
tion network in the event of new users being author-
ized for viewing of the data.

Claims

1. Monitoring system (1) for a railway infrastructure,
said railway infrastructure comprising a signalling
entity (11a, 11b, 11c, 11d, 11e) to be monitored, said
monitoring system (1) comprising:

- an acquisition radio module (22; 22’) config-
ured to be connected to one or more sensors
configured to acquire measurement data relat-
ing to one or more physical parameters of said
signalling entity (11a, 11b, 11c, 11d, 11e), said
physical parameters being indicative of an op-
erating state of said signalling entity (11a, 11b,
11c, 11d, 11e); and

- a gateway radio module (31) configured to be
connected to said acquisition radio module (22;
22’) via a first wireless link, to receive from the
acquisition radio module (22;22’) said measure-
ment data, said gateway radio module (31) be-
ing further configured to provide, based on said
measurement data, by means of a second wire-
less link, a stream of compressed data to a lo-
cation remote from said signalling entity (11a,
11b, 11¢, 11d, 11e), in order to monitor the op-
erating state thereof.

2. The monitoring system (1) according to claim 1,
wherein said acquisition radio module (22; 22’) com-
prises an acquisition unit (221) comprising at least
one diagnostic interface connected to said one or
more sensors for acquiring said measurement data.

3. The monitoring system (1) according to claim 2,
wherein said one or more sensors comprise a tem-
perature sensor for measuring a temperature of said
signalling entity (11a, 11b, 11c, 11d, 11 e) and/or a
vibration sensor for measuring one or more param-
eters indicative of a vibration of said signalling entity
(11a, 11b, 11c, 11d, 11 e).

4. The monitoring system (1) according to claim 2 or 3,
wherein said acquisition radio module (22; 22’) com-
prises a processing unit (222) connected to said ac-
quisition unit (221), said processing unit (222) com-
prising a first processing and control sub-unit and a
second processing and control sub-unit connected
in so-called "failover" mode so as to process said
measurement data acquired by said at least one di-
agnostic interface.

5. The monitoring system (1) according to any one of
the preceding claims, wherein said acquisition radio
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module (22; 22’) comprises a short-range radio link
unit (224) configured to be connected to said gate-
way radio module (31) by means of said first wireless
link.

The monitoring system (1) according to claim 5,
wherein said first wireless link is realized by means
of the Wi-Fi technology.

The monitoring system (1) according to claim 5 or 6,
wherein said acquisition radio module (22; 22°) is
configured to send to said gateway radio module (31)
said measurement data by means of the so-called
"message queue telemetry transport" protocol.

The monitoring system (1) according to any one of
the preceding claims, wherein said acquisition radio
module (22; 22’) has a modular hardware structure.

The monitoring system (1) according to claim 5 or 6,
wherein said gateway radio module (31) comprises
a short-range radio link unit (311) and a long-range
radio link unit (315), said short-range radio link unit
(311) being configured to be connected to said short-
range radio link unit (224) of said acquisition radio
module (22) by means of said first wireless link, and
said long-range radio link unit (315) being configured
to be connected to said remote location by means
of said second wireless link.

The monitoring system (1) according to any one of
the preceding claims, wherein said second wireless
link is implemented by means of LoRa technology
or SIGFOX technology.

The monitoring system (1) according to any one of
the preceding claims, wherein said gateway radio
module (31) comprises a first processing unit (313)
and a second processing unit (314) connected in so-
called "failover mode", each of said first and second
processing units (313, 314) being configured to ag-
gregate said measurement data on the basis of one
or more measurement types and to compare said
data with pre-determined thresholds, each of said
thresholds being indicative of an expected value for
a respective type of measurement.

The monitoring system (1) according to claim 11,
wherein each of said first and second processing
units (314) is configured to implement an alarm pro-
cedure in case said measurement data exceed one
of said pre-determined thresholds.

The monitoring system (1) according to claim 11 or
12, wherein each of said first and second processing
units (313, 314) is configured to compress said
measurement data according to a compression al-
gorithm of the "compressive sampling" type.
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The monitoring system (1) according any to one of
the preceding claims, said monitoring system (1)
comprising a cloud architecture (4) for receiving said
measurement data and providing it, at said remote
location, to an operator able to use said measure-
ment data to schedule maintenance operations on
said railway infrastructure.

The monitoring system (1) according to claim 14,
wherein said architecture (4) comprises a database
(43) configured to store the data received from said
gateway radio module (31).
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