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(54) VEHICLE AND METHOD FOR INSPECTING A RAILWAY LINE

(57) A vehicle (1) for inspecting a stretch of a railway
line comprises: a supporting structure (10); a cover (11),
associated with the supporting structure (10); a plurality
of rolling elements (9), connected to the supporting struc-
ture (10) and configured to make contact with the tracks
of the railway line, so as to allow the vehicle (1) to move
on the tracks, along a stretch of the railway line; an in-
spection system (2), including one or more sensors (21,
22, 23, 24) and configured to detect inspection data (201)

relative to the stretch of the railway line travelled by the
vehicle (1); an actuating unit (91), associated with said
plurality of rolling elements (9) for transmitting a drive
torque; a control unit (3), programmed to control the ac-
tuating unit (91); a user interface (8), connected to the
control unit (3) for setting reference values for one or
more control parameters. The control unit (3) is pro-
grammed for controlling the actuation unit (91) on the
basis of said reference values.
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Description

[0001] This invention relates to a vehicle and a method
for inspecting a stretch of a railway line.
[0002] In the railway sector, maintenance operations
are required on the railway line at quite regular intervals.
These operations may be small maintenance operations
or more substantial operations, which require the prep-
aration of a railway construction site.
[0003] In both cases, these operations involve the use
of machinery, tools, trains and materials of various types
which, during the operations, may be positioned on the
tracks or close to the latter.
[0004] When the maintenance activities are complet-
ed, the workers remove the equipment and the materials
used in order to re-establish the circulation of trains along
the railway line on which operations have been per-
formed. This activity is of critical importance since the
failure to remove equipment and/or materials could con-
stitute an obstacle for the train, which could therefore be
damaged or, in the worst case, could be subject to a
accident which is dangerous for individuals.
[0005] For this reason, before re-activating circulation,
it is important to check the absence of obstacles to the
circulation of trains.
[0006] However, the removal and control performed
by the workers is, by its very nature, subject to human
error.
[0007] In order to examine whether the railway line is
clear, in some cases it is envisaged to travel along it with
a railway vehicle guided by an authorised operator, who,
proceeding at reduced speed, checks that the railway
line does not have obstructions. This solution is, howev-
er, very slow and is in any case, even if only partly, carried
out by human control.
[0008] Patent document ES2691145B2 discloses a
vehicle designed to travel along the tracks in order to
inspect the line; the vehicle moves on the line autono-
mously, if necessary controlled remotely by an operator.
However, this solution does not satisfy the need to in-
spect the railway line in a precise and efficient manner.
Moreover, this solution is not very reliable, since the ve-
hicle is easily subject to problems and faults in its move-
ment along the railway line.
[0009] In addition to the above, it should be noted that
in the sector of railway vehicles the use of large wheels
is known, which roll on the tracks of the high speed railway
line. These wheel solutions are subject to very high wear
due to the high speed of rotation. Said wheels, in order
to resist wear, are made of steel.
[0010] However, the production of steel wheels means
that the wheels are very heavy and, therefore, the cost
of moving the vehicle is greater.
[0011] Moreover, the vehicle which implements said
wheels cannot be moved (manually) in an easy manner,
precisely due to the heavy weight. Moreover, again in
the sector of industrial vehicles, the wheels receive motor
torque from a central motor, which, using suitable trans-

mission systems, transmits the torque to the drive
wheels.
[0012] However, the weight of the transmission is very
high and further increases the costs for moving the ve-
hicle. Moreover, on very curved stretches, the speed of
rotation of the wheels should be different, to avoid slip-
ping of the wheels.
[0013] Thus, the weight of the vehicle affects the ease
of installation of the vehicle on the track, as well as the
removal from the track and the movement and transport
of the vehicle. In effect, a lightweight object is very easy
to handle, even just by a pair of railway workers.
[0014] Lastly, it should be noted that the prior art ve-
hicles are driven and controlled manually, with the need
to provide an operator on board who brakes, stops and
restarts the vehicle according to the instructions which
are given and the direct observations of the driver. This
solution has obvious drawbacks, as it is subject to human
error. Not less important, the presence of a driver requires
that there is a control cabin, the overall size of which
makes the vehicle necessarily not transportable manu-
ally.
[0015] There are also further solutions for vehicles and
methods for inspecting a railway line and they are de-
scribed, for example, in the following patent documents:
CN111216745A, US2014142868A1,
US2016368510A1, US2005125113A1,
IT201800009264A1, US2019256113A1 and
US2019095725A1. However, all these solutions are
characterised by structures which are too heavy and
therefore very expensive in terms of energy consump-
tion, or aerodynamically inefficient and, also in this case,
even though due to different causes, energy inefficient.
[0016] The aim of the invention is to provide vehicle
and a method for inspecting a stretch of railway line which
overcome the above-mentioned drawbacks of the prior
art.
[0017] Said aim is fully achieved by the vehicle and the
method according to the invention as characterised in
the appended claims.
[0018] According to an aspect of the invention, a vehi-
cle is provided for inspecting a railway line in a particularly
reliable manner.
[0019] The vehicle comprises a supporting structure.
The vehicle comprises a cover. The cover is associated
with the supporting structure.
[0020] The vehicle comprises a plurality of rolling ele-
ments (plurality of wheels). The plurality of wheels is con-
nected to the frame. The plurality of rolling elements is
configured to come into contact with the tracks of the
railway line, so as to allow the vehicle to move on the
tracks, along a stretch of the railway line.
[0021] The vehicle comprises an inspection system.
The inspection system comprises one or more sensors.
The inspection system is configured to detect inspection
data relative to the stretch of the railway line travelled by
the vehicle.
[0022] The vehicle comprises an actuating unit. The
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actuating unit is associated with said plurality of rolling
elements for transmitting a drive torque.
[0023] The vehicle comprises a control unit. The con-
trol unit is connected to the inspection system to receive
the inspection data. The control unit is programmed to
process the inspection data, for deriving information re-
garding the presence of obstacles to railway traffic along
said stretch of railway line.
[0024] According to an embodiment, the control unit is
programmed to control the actuating unit in response to
the inspection data.
[0025] This makes it possible to monitor and control
the vehicle autonomously, in such a way as to allow a
control of the stretch of railway line which is assigned to
the inspection system. In other words, the vehicle is an
autonomous driving vehicle.
[0026] According to other embodiments, the vehicle is
a remote manual driving vehicle, that is to say, the vehicle
is driven remotely by an operator who sends driving sig-
nals to the control unit by means of a connection to the
network.
[0027] According to an embodiment, the vehicle com-
prises an electricity accumulator. According to this em-
bodiment, the actuating unit is powered with electricity.
According to an embodiment, the actuating unit compris-
es a plurality of electric motors. Each electric motor of
said plurality is associated with a corresponding rolling
element of said plurality of rolling elements.
[0028] This embodiment makes it possible to obtain
reduced weights and independent control of the individ-
ual rolling elements.
[0029] According to a further embodiment, the actuat-
ing unit comprises a central electric motor (or internal
combustion engine), the drive torque of which is trans-
mitted to each rolling element of said plurality by means
of a transmission system.
[0030] According to an embodiment, the vehicle com-
prises, for each rolling element of said plurality, a corre-
sponding movement sensor (also referred to below as
position sensor). The movement sensor is configured to
determine movement data (also defined below as dy-
namic data), preferably representing an angular position
of the corresponding rolling element relative to the sup-
porting structure, an angular speed of the corresponding
rolling element and/or an angular acceleration of the cor-
responding rolling element. The control unit is configured
for controlling the actuating unit in response to the move-
ment data (dynamic data).
[0031] According to an embodiment, the cover of the
frame surrounds, at least partly, one or more of the rolling
elements of the plurality of rolling elements. More spe-
cifically, according to an embodiment, the cover sur-
rounds all the rolling elements, even though each ele-
ment is also only partly surrounded. According to other
embodiments, the cover surrounds, partly or completely,
only some rolling elements of said plurality.
[0032] According to an example embodiment, the cov-
er is positioned along the longitudinal direction in the di-

rection of forward movement, in an advanced position
relative to the frame.
[0033] The covering of the rolling elements (and of the
frame) with the cover reduces the turbulence generated
by the latter on the air and thus reduces the resistance
of the air. The vehicle extends along a longitudinal axis
from a second end to a first end in a direction of forward
movement. The cover extends longitudinally between a
first longitudinal end and a second longitudinal end. The
cover includes a lower wall, facing towards the ground.
The cover includes an upper wall, opposite the lower wall.
According to an embodiment, the upper wall is in a ad-
vanced position relative to the lower wall along the lon-
gitudinal axis towards the first longitudinal end.
[0034] This feature makes it possible to increase the
aerodynamic performance of the vehicle, reducing the
overturning moment of the vehicle, thus obtaining nega-
tive lift.
[0035] The cover includes a rear wall. The rear wall
connects the upper wall to the lower wall. The rear wall
is perpendicular to the longitudinal axis. This truncated
tail shape reduces the overall dimensions and the total
weight of the vehicle.
[0036] According to an embodiment, the lower wall is
smooth. Preferably, the lower part is made of a heat con-
ductive material to favour the heat exchange of the inter-
nal systems, for example, but without limiting the scope
of the invention, it might be made of aluminium.
[0037] This allows a laminar flow of the air which re-
duces the resistance of the air as the vehicle moves for-
ward.
[0038] According to an embodiment, the supporting
structure is a reticular structure. The supporting structure
comprises a plurality of tubular elements. The supporting
structure comprises a plurality of nodes. Each node is
configured for connecting two or more tubular elements.
[0039] The reticular structure reduces the weight of the
vehicle without adversely affecting the mechanical
strength.
[0040] According to an embodiment, the supporting
structure is a hyperstatic structure. The reticular structure
comprises a plurality of articulated couplings.
[0041] Each articulated coupling includes a rotary
hinge. Each articulated coupling is housed in a corre-
sponding housing of a node and connected to a tubular
element of said plurality, for allowing a relative rotation
between the node and the tubular element coupled on it.
[0042] The articulated couplings allow, during assem-
bly of the supporting structure, a relative rotation between
the tubular element and the node. However, during use
of the vehicle, the articulated couplings are constrained
to the rotation with the tubular element and the node,
making the structure hyperstatic.
[0043] The articulated couplings allow an easier as-
sembly of the reticular structure which, since it is hyper-
static, could be difficult to assemble.
[0044] According to an embodiment, the vehicle com-
prises a localisation system. The localisation system is
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configured to determine a geographical position of the
vehicle in real time. The localisation system preferably
includes a GPS localisation system.
[0045] According to an embodiment, each rolling ele-
ment of said plurality comprises a first portion, made of
aluminium, and a second portion, made of plastic mate-
rial and configured to enter into contact with the track of
the railway line, and wherein the supporting structure is
made of carbon.
[0046] According to an embodiment, the vehicle com-
prises a differential. The differential is configured for ad-
justing the rotation of each rolling element of said plurality
of rolling elements.
[0047] The control unit comprises a communication
module. The communication module is configured for
sending the inspection data to a remote terminal. The
communication module is configured for receiving control
data from the remote terminal. The control unit is pro-
grammed to control the actuating unit in response to the
control data.
[0048] The control unit includes a read and write mem-
ory. The read and write memory contains reference val-
ues for one or more control parameters. The control unit
is programmed for controlling the actuation unit on the
basis of said reference values.
[0049] The control parameters are selected from the
following list:

- cruising speed;
- maximum speed;
- distance in kilometres;
- maximum distance in kilometres;
- geographical starting position;
- geographical arrival position;
- interruption of the journey, or not, if there is an object

which prevents the vehicle from moving forward;
- number and type of sensors active between said one

or more sensors;
- detection distance of said one or more sensors.

[0050] According to an embodiment, the control unit is
programmed for controlling the actuation unit on the basis
of said reference values.
[0051] According to an embodiment, the vehicle com-
prises a localisation system. The localisation system is
configured to indicate, preferably but not necessarily in
real time, a geographical position of the vehicle.
[0052] The control unit is programmed to stop the ac-
tuation unit for a geographical position having a distance
from the geographical arrival position less than a prede-
termined distance.
[0053] This allows the vehicle to determine autono-
mously when it has reached the destination.
[0054] According to an embodiment, the control unit is
programmed to receive distance data representing a dis-
tance in kilometres travelled by the vehicle. In other
words, the control unit comprises a mileage counter, in
such a way as to know in real time the distance travelled.

According to an embodiment, the control unit is pro-
grammed to stop the actuating unit for distances greater
than or equal to a maximum distance value.
[0055] In that way, if the vehicle follows a incorrect
route, continuing to move away from the geographical
destination position, the vehicle would stop (if necessary,
with the possibility of reversing the route), on the basis
of a predetermined criterion, based, for example, on the
route travelled or on the position (measured, for example,
by means of a GPS or other localisation system).
[0056] According to an embodiment, the vehicle com-
prises an electricity accumulator. The actuating unit is
powered by the electricity accumulator. The control unit
is programmed to receive autonomy data, representing
an autonomy of the energy accumulator.
[0057] According to an embodiment, the control unit is
programmed to stop the actuating unit for values of au-
tonomy of the energy accumulator less than or equal to
a predetermined autonomy value.
[0058] This always allows the geographical starting po-
sition to be always returned to, since, preferably, the pre-
determined autonomy value is equal to the value of elec-
tricity necessary to return the vehicle to the geographical
starting position. In any case, this control allows, if the
vehicle has not reached the destination, to stop the ve-
hicle before the latter stops due to lack of power supply.
In short, it allows the battery to be preserved, avoiding
the complete discharge.
[0059] According to a possible embodiment, the con-
trol unit is also programmed to reverse a direction of travel
of the vehicle for values of autonomy of the energy ac-
cumulator less than or equal to the predetermined au-
tonomy value, to allow a return of the vehicle autono-
mously.
[0060] According to an embodiment, the control unit is
programmed for calculating, preferably but not necessar-
ily in real time, a value of a stopping parameter. The stop-
ping parameter is calculated as the ratio between the
distance in real time of the vehicle from the geographical
destination position and the minimum distance of the ve-
hicle from the geographical destination position.
[0061] According to an embodiment, the control unit is
programmed to stop the actuating unit for a value of the
stopping parameter greater than a predetermined value.
[0062] This control makes it possible to identify situa-
tions in which the vehicle moves towards the geograph-
ical destination position, but not sufficiently to ensure that
the control unit recognises an arrival and therefore stops
the vehicle. In that case, the vehicle, firstly moves to-
wards the destination, reaching a minimum distance and
then starts moving away. For this reason, by evaluating
the trend of the control parameter, it is possible to eval-
uate whether the vehicle is moving away from the geo-
graphical destination position.
[0063] According to an example embodiment, the con-
trol unit is also programmed to control the automatic stop-
ping of the vehicle, in response to (the processing of)
inspection data; for example, in response to a detection
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of objects in front on the plane of travel of the vehicle.
[0064] According to an embodiment, said one or more
sensors are configured for detecting inspection data for
a zone in front of the vehicle. According to an embodi-
ment, said one or more sensors are configured for de-
tecting inspection data for a zone to the side of the vehi-
cle.
[0065] According to an embodiment, said one or more
sensors include a first Lidar unit, configured for scanning
the zone in front of the vehicle. According to an embod-
iment, said one or more sensors comprise a second Lidar
unit, configured for scanning the zone to the side of the
vehicle.
[0066] According to a particularly advantageous em-
bodiment, the vehicle comprises a third and a fourth Lidar
unit. The third Lidar unit is configured for scanning the
front zone of the vehicle, in such a way as to make the
first Lidar unit redundant. The fourth Lidar unit is config-
ured for scanning the side zone of the vehicle, in such a
way as to make the second Lidar unit redundant.
[0067] According to this embodiment, the front scan-
ning comprises two measurements which can be com-
pared with each other to confirm the measurement, ac-
cording to the current regulations in terms of safety in the
railway sector. According to this embodiment, the lateral
scanning comprises two measurements which can be
compared with each other to confirm the measurement,
according to the current regulations in terms of safety in
the railway sector.
[0068] According to an embodiment, the second Lidar
unit is positioned on an upper wall of the cover. According
to an embodiment, the first Lidar unit is positioned in an
advanced position relative to the second Lidar unit, along
a direction of forward movement of the vehicle.
[0069] According to an embodiment, said one or more
sensors include one or more video cameras. According
to one of the possible embodiments, said one or more
video cameras are in a stereo configuration. Said one or
more video cameras are configured for detecting image
data, representing images of the stretch of railway line.
According to an embodiment, said one or more video
cameras are RGB, infrared or thermal video cameras.
According to an embodiment, the control unit is pro-
grammed to process the image data in order to identify
information regarding the nature of the objects which are
encountered. The control unit is programmed to use ob-
ject detection algorithms, for identifying the category of
object encountered along the route.
[0070] The presence of the video cameras allows the
image data to be used to determine the type of objects
indicated, in order to provide information not only on the
presence or absence of obstacles but also the nature of
said obstacles.
[0071] According to an embodiment, the video camer-
as allow a video streaming visible by a user terminal and
the video recording for a subsequent analysis.
[0072] According to an embodiment, the vehicle com-
prises at least one illuminator, that is to say, one or more

illuminators. Preferably, the illuminator is positioned on
the cover. The illuminator faces in the direction of forward
movement.
[0073] According to an embodiment, the vehicle com-
prises a flashing light and/or a siren to signal its presence
on a stretch of railway line.
[0074] According to an embodiment, the control unit is
programmed to receive stretch data, identifying the
stretch of the railway line. In other words, the stretch data
represents the route defined by the stretch of railway line,
that is to say, the presence of bends along the stretch of
railway line. According to an embodiment, the control unit
is programmed to control the actuating unit, on the basis
of the stretch data, for adjusting a speed of travel of the
vehicle in the presence of bends and/or tunnels.
[0075] According to an embodiment, the control unit is
programmed to control the actuating unit on the basis of
the inspection data.
[0076] According to an embodiment, the vehicle com-
prises a vibration sensor. The vibration sensor is config-
ured for determining vibration data, representing a vibra-
tion of the vehicle.
[0077] According to an embodiment, the control unit is
programmed to reduce a speed of forward movement of
the vehicle for values of the vibration of the vehicle great-
er than a threshold value.
[0078] According to an embodiment, the vehicle com-
prises a sensor (inertial measuring unit), configured for
detecting acceleration data, representing forces due to
accelerations applied to the vehicle. The control unit is
configured to receive the acceleration data and to deter-
mine, on the basis of the acceleration data, slipping
and/or transversal forces of the vehicle. According to an
example embodiment, said rolling elements are posi-
tioned laterally to the frame. In other words, the frame
and the rolling elements are not aligned along a vertical
direction.
[0079] According to an example embodiment, the
frame comprises a first level and a second level, along
the vertical direction, higher than the first level. The first
level is configured to support the control components of
the vehicle, that is, the control unit. In this regard, the first
level comprises a bottom connected to respective rods
of the reticular structure. The control unit rests on the
bottom of the first level.
[0080] The second level is configured to support the
cover, above the bottom of the first level.
[0081] According to an example embodiment, at least
one or more sensors of the vehicle are connected to the
second level of the frame and face the outside since they
pass through respective openings made in the cover. Ac-
cording to an example embodiment, the vehicle extends
vertically from the track for a height of between 20 cm
and 80 cm, preferably between 20 cm and 60 cm.
[0082] According to an example embodiment, the illu-
minator is positioned in front of the vehicle.
[0083] According to an aspect of the invention, a sys-
tem is provided for inspecting a railway line.
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[0084] The system comprises a vehicle according to
any of the features described above. The system com-
prises a processing unit, located in a stationary position,
remote from the vehicle. The processing unit is equipped
with a user interface, to allow a user to enter control data.
The processing unit is programmed for receiving the in-
spection data from the vehicle. The processing unit is
programmed to send the control data to the vehicle.
[0085] According to an aspect of the invention, a meth-
od is provided for inspecting a stretch of railway line.
[0086] The method comprises a step of preparing a
self-propelled vehicle, configured to move on the tracks
of the railway line by means of an actuating unit included
in the vehicle. The vehicle is equipped with sensors for
detecting inspection data indicating any obstacles to the
railway traffic. The method comprises a step of moving
the vehicle along the stretch of railway line to be inspect-
ed. The method comprises a step of detecting inspection
data relating to said stretch of line.
[0087] The method comprises a step of processing in-
spection data.
[0088] The method comprises a step of generating in-
formation regarding the presence of obstacles to railway
traffic along the stretch of railway line inspected.
[0089] According to an embodiment, the method com-
prises a step of processing inspection data, preferably in
real time, by a control unit of the vehicle. The method
comprises a step of autonomous driving of the vehicle,
wherein the control unit of the vehicle controls the actu-
ating unit in response to the processing of the inspection
data.
[0090] According to an embodiment, the method com-
prises a step of setting reference values for one or more
control parameters, in the control unit. The method com-
prises a step of controlling the actuating unit on the basis
of said reference values, by the control unit.
[0091] The method comprises a step of controlling the
actuating unit, on the basis of the inspection data, of the
vibration data and/or acceleration data, for limiting the
speed or stopping the vehicle in the presence of front
obstacles, high transversal accelerations and inadmissi-
ble vibrations.
[0092] It should also be noted that, according to an
example embodiment, the vehicle is equipped with a sig-
nalling device (visual, acoustic or of another type), to in-
dicate an outcome of the inspection; for example, in order
to indicate whether anomalies have been identified or,
on the other hand, the route has been found to be clear.
The warning device is connected to the control unit of
the vehicle. There is also a corresponding indication on
the user terminal. For example, the indicator may include
a luminous indication (red if anomalies have been iden-
tified, green if the route is clear) and a corresponding
indication on the user terminal. A position along the line
may also be associated with each alarm on the terminal.
[0093] A further aim of the invention is to provide a
wheel and a method for moving a vehicle which overcome
at least one of the above-mentioned drawbacks of the

prior art.
[0094] Said aim is fully achieved by the wheel and the
method according to the invention as characterised in
the appended claims.
[0095] The invention provides a wheel of a vehicle for
inspecting a railway line.
[0096] The wheel comprises a disc-shaped body. The
disc-shaped body extends about an axis of rotation. The
disc-shaped body comprises a first face. The disc-
shaped body comprises a second face, opposite to the
first face. The disc-shaped body comprises a side wall.
The side wall is connected to the first and second faces.
The side wall is configured to make contact (at least part-
ly) with a track of the rail of the railway line.
[0097] The wheel comprises a wear element. The wear
element is made of plastic material.
[0098] According to an embodiment, the side wall in-
cludes a first portion. The wear element is superposed
on the first portion. The wear element defines a first con-
tact surface. The first contact surface is designed to make
contact with a rolling portion of the track. The rolling por-
tion of the track is substantially parallel to the ground.
[0099] The wear element comprises a second portion.
The second portion defines a second contact surface.
The second contact surface is (substantially) inclined rel-
ative to the axis of rotation to make contact with a contact
portion of the track. The contact portion of the track rises
from the rolling portion and is therefore substantially per-
pendicular to the ground.
[0100] The presence and the positioning of the wear
element allow a part of the wheel to be obtained which
is more subject to wear, covered with a wear material. In
this way, the disc-shaped body may be made of a material
which has good mechanical strength characteristics but
with reduced resistance to wear. The effect is that of be-
ing able to use materials which have a very low specific
weight compared with that of steel.
[0101] According to an embodiment, the second con-
tact surface has a distance from the axis of rotation great-
er than that of the first contact surface.
[0102] According to an embodiment, the side wall com-
prises a circumferential step. The circumferential step
separates the first portion from the second portion of the
side wall. According to an embodiment, the height of the
step, along a radial direction perpendicular to the axis of
rotation, defines a maximum radial thickness of the wear
element. In other words, the end distal from the axis of
rotation of the step defines a connecting point between
the first and second contact surfaces. Preferably, said
point of contact does not comprise discontinuities, pro-
tuberances, steps. This allows homogeneous wear of the
wear element.
[0103] According to an embodiment, the wheel com-
prises an electric motor. Preferably, the electric motor is
integrated in the wheel. In other words, the electric motor
forms an integral part of the wheel.
[0104] The electric motor includes a rotor. The rotor is
connected to the disc-shaped body in order to rotate it.
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The electric motor comprises a stator. The stator can be
associated with a frame of the vehicle.
[0105] This feature makes it possible to have an au-
tonomous drive force implemented in the wheel, which
varies as a function of the power supply of the electric
motor. In this way, the speed of rotation of the wheel can
be adjusted in real time, avoiding the need for a differ-
ential and/or transmissions in the vehicle, with all the ob-
vious advantages in terms of overall dimensions and
weight of the vehicle.
[0106] According to an embodiment, the wheel com-
prises a supporting plate. The supporting plate can be
associated with the frame of the vehicle. The supporting
plate is connected to the stator.
[0107] According to an embodiment, the vehicle com-
prises, for each wheel, a connecting counter-plate. The
connecting counter-plate is connected to the connecting
plate, for connecting the wheel to the vehicle.
[0108] According to an embodiment, the wheel com-
prises a shaft. The shaft is connected to the disc-shaped
body. The shaft is connected to the rotor, for transferring
the rotation of the rotor to the disc-shaped body. The
shaft is supported by the supporting plate by one or more
rolling bearings.
[0109] This embodiment makes it possible to obtain a
rolling bearing with reduced dimensions, since it is posi-
tioned on the shaft which has a limited diameter. This
further contributes to the reduction of the total weight of
the wheel and, therefore, of the vehicle.
[0110] According to an embodiment, the wheel com-
prises a position transducer. The position transducer is
configured to determine an angular position of the wheel
relative to the frame of the vehicle.
[0111] The position transducer is configured to deter-
mine an angular position of the wheel relative to a frame
of the vehicle and/or an angular speed of the wheel rel-
ative to the frame.
[0112] According to an embodiment, the position trans-
ducer is interposed, along the axis of rotation of the
wheel, between the first face of the disc-shaped body
and the supporting plate.
[0113] According to an embodiment, the disc-shaped
body comprises a connecting hub. The disc-shaped body
comprises a plurality of spokes. The disc-shaped body
comprises an outer crown, defining the side wall. Accord-
ing to a preferred embodiment, the disc-shaped body is
made of aluminium. According to a preferred embodi-
ment, the wear element is made of polyurethane.
[0114] According to an embodiment, the outer diame-
ter of the wheel is included in a range of between 100
mm and 1000 mm, preferably 200 mm and 600 mm, pref-
erably 350 mm and 500 mm.
[0115] According to an aspect of the invention, the in-
vention provides a method for moving along a track a
vehicle for inspecting a railway line.
[0116] The method comprises a step of preparing a
plurality of disc-shaped bodies, each extending about an
axis of rotation, and including a first face, a second face,

opposite the first face, and a side wall, connected to the
first and the second face and configured to make contact
with the track.
[0117] The method comprises a step of connecting
disc-shaped bodies to a frame of the vehicle. The method
comprises a step of rotating the disc-shaped bodies
about the relative axes.
[0118] According to an embodiment of the method, the
disc-shaped body rolls on a rolling portion of the track,
resting on a first contact surface, formed by a wear ele-
ment superposed on a first portion of the side wall of the
respective disc-shaped body.
[0119] According to an embodiment of the method, the
disc-shaped body comes into contact with a contact por-
tion of the track in a second contact surface, defined by
a second portion of the side wall of the respective disc-
shaped body.
[0120] According to an embodiment, the method com-
prises a step of preparing a plurality of supporting plates
and a corresponding plurality of electric motors, each
electric motor having a rotor and a stator.
[0121] During said preparing step, each supporting
plate is fixed to the frame of the vehicle. Each electric
motor is interposed between a corresponding supporting
plate and a respective disc-shaped body, with the stator
fixed to the supporting plate and the rotor fixed to the
disc-shaped body.
[0122] These and other features will become more ap-
parent from the following detailed description of a pre-
ferred embodiment, illustrated by way of nonlimiting ex-
ample in the accompanying drawings, in which:

- Figure 1 is a perspective view of a vehicle for inspect-
ing a stretch of railway line;

- Figure 2 illustrates a supporting structure of the ve-
hicle of Figure 1;

- Figure 3 is a perspective view of a wheel of the ve-
hicle Figure 1;

- Figures 4A and 4B illustrate, respectively, a first and
a second cross-section of the wheel of Figure 3;

- Figure 5 schematically illustrates a control diagram
of the vehicle of Figure 1;

- Figure 6 schematically illustrates a control logic of
the vehicle of Figure 1.

[0123] With reference to the accompanying drawings,
the numeral 1 denotes a vehicle for inspecting a stretch
of railway line. The vehicle 1 is configured to advance
along a forward direction A in a forward versus VA. The
vehicle 1 extends along the direction of forward move-
ment between a first end 1A and a second end 1B. The
vehicle 1 also extends along a transversal direction T,
perpendicular to the direction of forward movement A.
Lastly, the vehicle 1 has a height along the vertical direc-
tion V, perpendicular to the transversal direction T and
to the direction of forward movement A.
[0124] The vehicle 1 comprises a supporting structure
10 which is configured to support the components of the
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vehicle 1 during its forward movement.
[0125] The vehicle 1 comprises a cover 11. The cover
11 surrounds the supporting structure 10. The cover 11
comprises one or more rounded corners. The cover 11
comprises curved profiles, in order to optimise the aero-
dynamic performance. The cover 11 comprises an upper
wall 111 and a lower wall 112. Preferably, the cover 11
comprises a front wall 113 and a rear wall 114.
[0126] The cover 11 comprises, on its upper wall 111,
a first opening 115. The first opening 115 is configured
to allow the escape of a sensor. The cover 11 comprises,
on its upper wall 111, a second opening 116. The second
opening 116 is configured to allow a sensor to come out.
According to an embodiment, the upper wall 111 com-
prises a first portion and a second portion, positioned,
along the vertical direction V, above the first portion. In
other words, the upper wall is ridge shaped, in such a
way as to have a raised zone, defining the second portion.
The first opening 115 and/or the second opening 116 are
made on the second portion of the upper wall.
[0127] According to an embodiment, the lower wall 111
is smooth.
[0128] According to an embodiment, the front wall 113
includes a portion inclined relative to the vertical direction
V. Preferably, the front wall 113 also comprises a portion
parallel to the vertical direction V, which joins the upper
wall 111 to the inclined portion of the front wall 113. It
should be noted that, preferably, the upper wall 111 is in
the advanced position, along the direction of forward
movement A in the feed direction VA, relative to the lower
wall 112. This determines a shape of the front wall 113
of the vehicle which converges towards the upper wall
111. According to other embodiments, the lower wall 112
may be in an advanced position relative to the upper wall
111, along the direction of forward movement A in the
feed direction VA.
[0129] According to a preferred embodiment, the rear
wall 114 is perpendicular to the vertical direction V. In
other words, the upper wall 111 and the lower wall 112
interrupt at the same position along the direction of for-
ward movement A (that is, they are vertically aligned V
in the rear part). In other words, the rear part of the vehicle
1 is in the form of a truncated tail. According to an em-
bodiment, the cover 11 comprises two side walls 117,
118.
[0130] Each side wall comprises a pair of curved
grooves. Each pair of curved grooves is positioned above
a corresponding pair of rolling elements of the vehicle 1.
[0131] According to an embodiment, the supporting
structure 10 comprises a plurality of tubular elements
101. The supporting structure comprises a plurality of
nodes 102.
[0132] The plurality of tubular elements 101 comprises
a first group of tubular elements 101A, which is designed
to constitute a base of the vehicle. Said tubular elements
of the first group of tubular elements 101A are substan-
tially parallel to a horizontal plane, perpendicular to the
vertical direction V.

[0133] The plurality of tubular elements 101 comprises
a second group of tubular elements 101B, which is de-
signed to form a skeleton extending up from the base of
the vehicle 1. Said tubular elements of the second group
of tubular elements 101B are perpendicular to the hori-
zontal plane and/or inclined relative to the horizontal
plane by an angle less than 90 degrees. Each tubular
element 101 of said plurality is connected to another tu-
bular element 101 of said plurality by means of a respec-
tive node 102 of said plurality.
[0134] Each node 102 of said plurality comprises one
or more of the following features:

- a housing, to receive the tubular element 101 inside,
in such a way that the tubular element can rotate
relative to its axis of symmetry but is constrained in
the other directions and relative to the other rota-
tions; according to other embodiments, the housing
is configured for constraining the tubular element
101 also relative to the rotation about its axis of sym-
metry;

- a hinged articulated coupling, which engages in a
housing of the node 102 and which is connected to
a corresponding tubular element 101. The hinged
articulated coupling allows the tubular element 101
connected to it to also rotate with respect to an axis
perpendicular to the axis of symmetry of the tubular
element 101. Said rotation enables the step of as-
sembling the supporting structure 10, but, after the
assembly, by means of suitable lock pins, the artic-
ulated coupling is locked and the tubular element
101 can no longer rotate relative to the node 102.

[0135] According to an embodiment, the supporting
structure 10 is a hyperstatic structure.
[0136] According to an embodiment, the supporting
structure 10 comprises a supporting framework 103, con-
figured to support one or more sensors in a front zone of
the vehicle 1 (that is, at the first end 1A of the vehicle).
According to an embodiment, said supporting framework
103 comprises a plurality of rods connected to each other
(in a removable or permanent fashion) to create a retic-
ular structure. According to an embodiment, the cross-
section of the plurality of rods 103 is less than the cross-
section of the plurality of tubular elements 101.
[0137] According to an embodiment, the supporting
structure comprises a plurality of coupling plates 104.
The coupling plates 104 are connected to a correspond-
ing tubular element 101 of said plurality, at an end of it
facing towards the outside of the supporting structure 10.
More specifically, the coupling plates face towards the
outside of the supporting structure 10. Each coupling
plate 104 is configured to be connected to a rolling ele-
ment of the vehicle 1. Each coupling plate 104 is prefer-
ably provided with one or more holes, for connection to
the corresponding rolling element by threaded and/or
bolted connections.
[0138] According to an embodiment, each supporting
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plate 104 is connected to the respective tubular element
101 by means of a rubberised connection, that is to say,
having a predetermined compliance. This allows the sup-
porting plate 104 to transmit to the frame and dampen
the stresses it receives from the corresponding rolling
element.
[0139] Thus, the supporting structure 10 includes a
frame; the frame, according to an example embodiment,
includes a reticular structure, which may be, for example,
formed by the tubular elements 101. The frame defines
an internal space; according to the example wherein the
frame includes the reticular structure, the inner space
has openings in communication with an environment out-
side the frame.
[0140] The cover 11 is connected to the supporting
structure 10. According to an example, the cover 11 sur-
rounds (entirely) the frame. According to an example, the
cover 11 includes (consists of) a plate; the plate is made
of a lightweight material and has a profile designed to
reduce a coefficient of friction with the air. Preferably, the
cover 11 is connected to the supporting structure 10 in
a removable fashion, to facilitate access to the space
inside the frame.
[0141] According to an example embodiment, each
wheel of the vehicle is connected to the supporting struc-
ture 10 independently from the other wheels.
[0142] The vehicle 1 comprises an inspection system
2. The inspection system 2 is configured for detecting
inspection data 201. The inspection data represent the
presence or absence of objects along the stretch of rail-
way line.
[0143] The vehicle 1 comprises a control unit 3, con-
figured to control the vehicle 1.
[0144] The inspection system is configured for sending
the inspection data 201 to the control unit 3.
[0145] According to an embodiment, the inspection
system 2 comprises a first Lidar unit 21. According to an
embodiment, the inspection system 2 comprises a sec-
ond Lidar unit 22.
[0146] According to an embodiment, the inspection
system 2 comprises a third Lidar unit 23.
[0147] The Lidar units operate by measuring the flight
time of a light beam which is made to rotate about an
axis (optical beam). There are two geometrical types of
Lidar unit, the single beam types (one single plane) and
the multiple beam types (more planes exiting from the
same point). There are also two methods for controlling
the beams: with motor-driven mirror and electronic con-
trol.
[0148] According to an embodiment, the first Lidar unit
21 is configured for performing a scanning of the envi-
ronment located in front of the vehicle 1, on a first plane,
parallel to the horizontal plane.
[0149] According to an embodiment, the second
and/or the third Lidar unit 22, 23 is configured to perform
a scanning of the environment located above the vehicle
1, on a second plane, substantially vertical.
[0150] According to an embodiment, the second

and/or the third Lidar unit 22, 23 is configured to perform
a scanning on a third plane inclined relative to the first
and second planes.
[0151] According to an embodiment, the first Lidar unit
21 is connected to the supporting framework 103. Ac-
cording to an embodiment, the second and/or the third
Lidar unit 22, 23 are connected to a corresponding tubular
element 101 of said plurality.
[0152] According to an embodiment, said first, second
and/or third Lidar unit 21, 22, 23 are configured to detect
obstacle data (or presence data) 211, representing the
presence of obstacles in the vicinity of the vehicle 1. More
specifically, the Lidar units 21, 22, 23 are configured to
send a data vector containing the succession of readings
of the sensor with the variation of the position of the ve-
hicle 1 and the variation of a beam. For example, the
readings available could be:

- Acquisition time in nanoseconds;
- Measurement ID
- Encoder measurement
- Block of data with: distance, reflectivity, number of

photons read, noise photons.
- According to an embodiment, the inspection system

comprises one or more video cameras 24. Said one
or more video cameras 24 face towards the moving
away direction VA in a direction having at least one
component in the direction of forward movement A.

[0153] Said one or more video cameras 24 are config-
ured for detecting image data 241, representing an RGB
image of the environment encountered by the vehicle 1
in the stretch of railway line.
[0154] According to an embodiment, said one or more
video cameras 24 are in a stereo configuration, in such
a way as to represent a three-dimensional image of the
objects encountered in the stretch of railway line.
[0155] In particular, in the context of video cameras in
a stereo configuration, the filming on the optical planes
of one or more objects present in the scene allows vision
algorithms to perform an approximate reconstruction of
the three-dimensional position of the objects, and to use
this reconstruction to determine the position of the ob-
jects with regard to the limit shape.
[0156] The reconstruction of the three-dimensional ge-
ometry is generally performed by using in sequence two
algorithms of a different type: firstly, the correspondence
between the points of one image and those of another is
identified, so for each correspondence a triangulation is
performed which allows, on the basis of the known infor-
mation (image points and position/orientation of the
chambers) the three-dimensional positions of each cor-
respondence to be reconstructed.
[0157] According to an embodiment, said first, second
and/or third Lidar unit 21, 22, 23 and said one or more
video cameras 24 are configured to send to the control
unit the obstacle data 211 and the image data 241 to the
control unit 3, respectively.
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[0158] According to an embodiment, the inspection
system 2 comprises an illuminator (one or more illumi-
nators) 25. Said illuminator 25 is configured to illuminate
a front zone of the vehicle 1 to allow said one or more
video cameras 24 to detect the image data 241 even
under poor natural light conditions.
[0159] The vehicle 1 comprises a power supply system
4. The power supply system 4 is configured for powering
the control unit 3 and the other electronic components of
the vehicle 1. The power supply system 4 comprises a
battery pack 41. Said battery pack rests on the lower wall
112, at the level of the base of the supporting structure
10. The power supply system 4 is connected to the control
unit 3 for powering it and for sending autonomous data
401, representing an energy autonomy of the power sup-
ply system 4.
[0160] According to an embodiment, the vehicle 1 com-
prises a communication module 5. The communication
module 5 is configured to allow a remote connection with
remote terminals. More specifically, the communication
module 5 allows the exchange of signals with remote
terminals.
[0161] According to an embodiment, the communica-
tion module 5 comprises one or more of the following
features:

- an LTE 51 module for the interconnection of wide-
band network;

- a GSM-R module 52 for the interconnection with a
service network in situations without an LTE connec-
tion.

- a Wi-Fi transceiver 53.

[0162] According to an embodiment, the vehicle 1 com-
prises a localisation sensor 6, configured for detecting
position data 601, representing a geographical position
of the vehicle 1, preferably in real time. According to an
embodiment, the localisation sensor 6 is a GPS sensor.
[0163] The localisation sensor is configured to send
the position data 601 to the control unit 3.
[0164] According to an embodiment, the vehicle 1 com-
prises an alarm system 7. The alarm system 7 comprises
an acoustic indicator 71. The alarm system 7 comprises
a luminous indicator 72, if necessary intermittent. Accord-
ing to an embodiment, the alarm system is configured
for receiving control signals 301 from the control unit 3.
[0165] According to an embodiment, the vehicle com-
prises a local user interface 8, by means of which a user
can enter or send signals to the control unit 3. According
to an embodiment, the local user interface 8 comprises
a main ON/OFF pushbutton 81. The control unit 3 is pro-
grammed to switch off the electricity supply of the vehicle
1 in response to the selection of the main ON/OFF button
81.
[0166] According to an embodiment, the control unit 3
comprises a first card 31 and a second card 32. The first
card 31 is designed for controlling the drive, the localisa-
tion sensor 6, the communication module 5 and the alarm

system 7. According to an embodiment, the second card
32 is designed for controlling the inspection system 2, in
particular the first and the second Lidar unit 21, 22. Ac-
cording to other embodiments, the control unit 3 com-
prises a third card 33. Moreover, according to an embod-
iment, the control unit 3 comprises a dedicated memory
for each of said second and third cards 32, 33.
[0167] According to this embodiment, the second card
32 is designed for controlling and managing the first Lidar
unit 21 whilst the third card 33 is designed for controlling
and managing the second Lidar unit 22. The second and
the third card 32, 33 are connected to the first card 31
by an Ethernet cable.
[0168] According to an embodiment, the vehicle com-
prises a drive unit, designed for moving the vehicle 1.
[0169] The drive unit comprises a plurality of wheels
(rolling elements) 9. More specifically, according to the
preferred embodiment, the vehicle comprises four
wheels 9.
[0170] The drive unit comprises, for each wheel, one
or more of the following components:

- an electric motor 91, connected to the power supply
system 4 for receiving electricity;

- an electric current sensor 92 configured to detect
intensity data 921, representing the value of electric
current with which the electric motor is powered;

- a position sensor 93, for example an encoder, con-
figured for detecting dynamic data 931, representing
the position of the wheel relative to the supporting
structure 10, that is, representing the distance trav-
elled by the vehicle 1;

- a driver 94, configured to manage the electricity sup-
ply to the electric motor 91 on the basis of control
signals 301 sent by the control unit 3.

[0171] According to an embodiment, each driver 94 is
connected to the control unit 3, preferably to the first card
31 of the control unit 3. According to an embodiment,
each driver 94 is connected to the power supply system
4 for receiving a supply of the electrical current.
[0172] According to an embodiment, the user interface
8 comprises a drive ON/OFF pushbutton. The control
unit 3 is programmed to switch off the power supply to
the driver 94 in response to the selection of the drive
ON/OFF button.
[0173] According to an embodiment, the local user in-
terface 8 is positioned on the cover 11, in a front or rear
zone of the vehicle 1.
[0174] According to an embodiment, each electric mo-
tor 91 comprises a rotor 911 and a stator 912.
[0175] According to an embodiment, the wheel 9 com-
prises a supporting plate 95. The supporting plate 95
comprises a first plurality of connecting holes 951. The
supporting plate 95 is connected to the coupling plate
104 of the supporting structure 104. More specifically,
said first plurality of connecting holes 951 of the support-
ing plate 95 receive one or more connection bolts which

17 18 



EP 4 015 337 A1

11

5

10

15

20

25

30

35

40

45

50

55

pass through the coupling plate 104.
[0176] The connecting holes 951 of the supporting
plate 95 are angularly spaced by ninety degrees from
each other.
[0177] According to an embodiment, the supporting
plate 95 comprises a second plurality of connecting holes
952. The second plurality of connecting holes 952 is con-
figured to allow a connection between the supporting
plate 95 and the stator 912 of the electric motor 91.
[0178] More specifically, the stator 912 comprises a
connection ring 9121, including a plurality of pins, rising
from the connecting ring 9121 along a direction parallel
to the axis of rotation R of the wheel 9 and which can be
screwed to fasten to the connecting ring 9121.
[0179] Said plurality of pins of the connecting ring 9121
inserts into the second plurality of connecting holes 952
of the supporting plate 95.
[0180] The wheel 9 comprises a drive shaft 96, config-
ured to rotate about an axis of rotation R of the wheel 9.
[0181] The wheel 9 comprises a disc-shaped body 97.
The disc-shaped body comprises an outer crown 971.
The outer crown has an extension along the axis of ro-
tation R. The diameter of the outer crown 971 along the
axis of rotation R is variable. The disc-shaped body 97
comprises a plurality of spokes 972. The disc-shaped
body 97 comprises a connecting hub 973. The plurality
of spokes 972 is connected to an inner surface SI of the
outer crown 971. The plurality of spokes 972 is connected
to an outer surface of the connecting hub 973. The thick-
ness of the plurality of spokes 972 along the axis of ro-
tation R is less than the thickness along the axis of rota-
tion R of the outer crown 971.
[0182] The rotor 911 of the electric motor 91 is con-
centric and coaxial with the stator 912. Moreover, the
rotor 911 has a smaller diameter than the stator 912. The
stator 912 surrounds the rotor 911.
[0183] According to an embodiment, the drive shaft 96
is rotated with the rotor 911 of the electric motor 91. In
particular, according to an embodiment, the drive shaft
96 is rotationally constrained to the rotor 911 of the elec-
tric motor 91 by a first key CH1.
[0184] According to an embodiment, the drive shaft 96
is constrained to the rotation with the disc-shaped body
97. In particular, according to an embodiment, the drive
shaft 96 is constrained to the rotation with the disc-
shaped body 97 by a second key CH2.
[0185] According to an embodiment, the drive shaft 96
is inserted inside a hub of the supporting plate 95. More
specifically, the drive shaft 96 is supported by the sup-
porting plate 95. The drive shaft 96 rests on the hub of
the supporting plate 95 by means of one or more rolling
bearings CS. According to an embodiment, the position
sensor 93 comprises a fixed part 932, which is connected
to the supporting plate 95, and a movable part 933, which
is constrained and therefore rotatable with the disc-
shaped body 97.
[0186] According to an embodiment, the outer crown
971 comprises a side wall 971’. The side wall 971’ com-

prises an inner surface SI, connected to the plurality of
spokes 972. The side wall 971’ comprises an outer sur-
face SE. The outer surface CT is shaped to form a first
portion P1, substantially parallel to the axis of rotation R,
and a second portion P2, inclined relative to the axis of
rotation R and, preferably, converging with the axis of
rotation in a direction coming out of the vehicle 1.
[0187] The second portion P2 has a curved profile, in
particular with a double curve, having opposite curvature
(for example S-shaped).
[0188] The first and second portions P1, P2 are joined
to each other by means of a step G. The second portion
P2 is positioned, radially, further from the axis of rotation
R relative to the first portion P1.
[0189] According to an embodiment, the wheel 9 com-
prises a wear element 98. The wear element 98 is su-
perposed on the first portion P1 of the outer surface of
the side wall 971’.
[0190] The wear element 98 extends along the axis of
rotation R from a first end 98A, in contact with the step
G and connected to the second portion P2 of the outer
surface of the side wall 971’, and a second end 98B,
opposite the first end 98A.
[0191] The wear element 98 has a radial thickness var-
iable along the axis of rotation R, which, preferably, but
not necessarily, decreases in a direction coming out of
the vehicle 1. According to other embodiments, the wear
element 98 has a constant radial thickness along the axis
of rotation R. The maximum radial thickness is defined,
according to an embodiment, by the radial height of the
step G, in such a way that the wear element defines a
continuous surface with the second portion P2 of the out-
er surface SE of the side wall 971’.
[0192] According to an embodiment, the surface of the
wear element 98 facing in the opposite direction to the
axis of rotation R defines a first contact surface SC1. Said
first contact surface SC1 is designed to roll on a rolling
portion of the rails, which is substantially parallel to the
horizontal plane. According to an embodiment, the sec-
ond portion P2 defines a second contact surface SC2.
The second contact surface SC2 is designed to make
contact with a contact surface of the track which is ori-
ented substantially vertically (perpendicular to the rolling
portion of the track). According to an embodiment, the
second portion P2 defines a third contact surface SC3.
The third contact surface SC3 faces in a direction sub-
stantially opposite the second contact surface SC2. The
third contact surface SC3 is configured to make contact
with a railway counter-track, in the context of railway
points sets, wherein the vehicle must continue on a pre-
determined branch. This avoids the rolling element op-
posite the rolling element which comes into contact with
the counter-track from colliding (jamming) with a frog of
the points set. The term "counter-track" and "frog", in the
context of a railway points set, is a known and common
term for an expert in the trade.
[0193] According to an embodiment, the side wall 971’
comprises a ridge, the two sides of which are defined by
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the second contact surface SC2 and by the third contact
surface SC3. According to an embodiment, said ridge is
full, and its inside diameter corresponds, basically, to the
internal diameter of the first portion, to form a single wall.
[0194] On the other hand, according to an embodi-
ment, which further contributes to reducing the weight of
the vehicle 1, the ridge is substantially hollow and an
insert I, made preferably of plastic material, is housed
inside it. According to an embodiment, the wear element
is made of plastic material, preferably polyurethane.
However, materials are used with a high coefficient of
resistance to wear and which have a reduced weight.
According to an embodiment, the disc-shaped body 97
(in general the components of the wheel) is made of alu-
minium.
[0195] According to an embodiment, the control unit 3
is configured to receive one or more of the following input
data:

- image data 241;
- presence data 211;
- autonomy data 401;
- position data 601;
- intensity data 921;
- dynamic data 931.

[0196] According to an embodiment, the control unit 3
is programmed for generating control signals 301, on the
basis of one or more groups of data in the context of the
input data.
[0197] According to an embodiment, the control unit 3
comprises a memory (reading and writing). The memory
contains reference values for one or more control param-
eters. Preferably, the control unit 3 is programmed for
controlling the actuation unit on the basis of said refer-
ence values.
[0198] Said one or more control parameters represent
one or more of the following parameters:

- cruising speed;
- maximum speed;
- distance in kilometres;
- maximum distance in kilometres;
- geographical starting position;
- geographical arrival position;
- interruption of the journey, or not, if there is an object

which prevents the vehicle from moving forward;
- number and type of sensors active between said one

or more sensors;
- stretch data, representing the railway route to be

travelled along and inspected;
- detection distance of said one or more sensors.

[0199] According to an embodiment, this invention pro-
vides a system 1000 for inspecting a stretch of railway
line. The system 1000 comprises the vehicle 1 according
to one or more of the features of the invention.
[0200] Moreover, the system 1000 comprises a

processing unit 1001. The processing unit 1001 is located
in a stationary position. Preferably, the position of the
processing unit 1001 is remote relative to the vehicle.
According to an embodiment, the processing unit is
equipped with a user interface (remote) 1002, to allow a
user to enter control data 1003. According to an embod-
iment, the processing unit 1001 is programmed to receive
the inspection data 201 from the vehicle 1. According to
an embodiment, the processing unit 1001 is programmed
to send the control data to the vehicle. The control data
1003, according to an embodiment, represents the val-
ues of the control parameters saved in the memory of
the control unit 3. This makes it possible to suitably pro-
gram the vehicle 1 remotely before the vehicle starts the
actual inspection of the stretch of railway line. The control
data 1003 is sent by means of the communication mod-
ule, for example by means of Wi-Fi, LTE or GSMR con-
nection. According to an embodiment, the communica-
tion module sends, preferably in real time, information
on the vehicle during its travel. Said information is, for
example, the status of the sensors, the speed of travel
of the vehicle, the geographical position of the vehicle,
the distance travelled by the vehicle and/or the video
streaming on the stretch of line travelled along.
[0201] According to an embodiment of processing, the
remote processing unit 1001 may be a personal compu-
ter, a tablet and/or a smartphone. According to an em-
bodiment, the system comprises a plurality of processing
units (remote) 1001, each connected with the vehicle 1
and able to send the control data 1003 to the vehicle 1.
This allows a control redundancy on the vehicle 1.
[0202] However, this solution poses the problem of
controlling the accesses and the authorisations. For this
reason, in order to prevent overlapping of the control, the
control unit 3 is configured for receiving the control data
1003 from a single processing unit 1001 at a time. More-
over, if a processing unit 1001 wishes to send control
data 1003 whilst another processing unit 1001 has the
control, the control unit 3 is programmed to send an au-
thorisation message to the processing unit 1001 which
has the control, to allow the current controller to pass the
control of the vehicle to another processing unit 1001.
[0203] The remote user interface 1002, according to
an embodiment, comprises a replication (redundancy) of
the main ON/OFF pushbutton 81 and the drive ON/OFF
pushbutton.
[0204] According to an embodiment, the user interface
allows the display of the vehicle data in real time.
[0205] According to an embodiment, the control unit 3
is programmed to control the electricity supply to the elec-
tric motors 91, on the basis of the position data 601, the
dynamic data 931 and the control data (that is, the values
of the control parameters) and/or on the basis of the
stretch data.
[0206] More specifically, the control unit 3 is pro-
grammed to determine a speed of forward movement of
the vehicle 1 on the basis of the position data 601 and/or
dynamic data 931. The control unit 3 is programmed to
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compare the value of the speed of forward movement
with the maximum cruising speed value between the ref-
erence values. The control unit 3 is programmed to vary
the electrical power supply parameters of the motors for
reducing a difference between the speed of forward
movement and the maximum cruising speed.
[0207] The control unit 3 is programmed to detect a
position of the vehicle 1 along the stretch of railway line
on the basis of the position data 601 or dynamic data
931. According to an embodiment, the control unit 3 is
programmed for evaluating the presence of slowing down
conditions along the stretch on the basis of the stretch
data. In other words, the control unit 3 is programmed to
recognise in advance the approach towards bends
and/or tunnels.
[0208] The control unit 3 is programmed to vary the
electrical power supply parameters of the motors to slow
down the speed of forward movement of the vehicle at
bends and/or tunnels.
[0209] According to an embodiment, the control unit 3
is programmed to identify one or more slowing down con-
ditions. The control unit 3 is programmed to slow down
the speed for forward movement if at least one of said
one or more slowing down conditions occurs.
[0210] According to an embodiment, the control unit 3
is programmed to slow down the speed of forward move-
ment of the vehicle 1 in a manner proportional to a dis-
tance of the vehicle 1 from a obstacle in front, detected
on the basis of the inspection data 201. According to an
embodiment, said slowing down of the vehicle 1 ends
with the stopping, to prevent the collision with the lateral
obstacle.
[0211] The vehicle 1 comprises an accelerometer (IMU
sensor), programmed to detect vibration data, represent-
ing a vibration of the vehicle 1.
[0212] Said one or more slowing down conditions in-
clude one or more of the following conditions:

- identifying, on the basis of inspection data 201, the
presence of lateral masonry works (for example, tun-
nels) continuously and close to the limits of PMO;

- identifying, on the basis of inspection data 201, the
presence of front masonry works at distances close
to the space for stopping the device (for example,
bends and obstacles in the front direction);

- identifying, based on dynamic data 931, the pres-
ence of high lateral accelerations and/or high angular
speeds;

- identifying, based on vibration data, the presence of
high vibrations;

- identifying, on the basis of dynamic data 931, the
presence of an significant difference between an av-
erage speed of rotation of the wheels of the vehicle 1;

- distance from the geographical destination point be-
low a limit value, on the basis of position data 601
and/or dynamic data 931;

- loss of connection of the communication module;
- loss of the connection of the communication module

for a longer time than a limit time interval;
- moving away from the geographical destination po-

sition by a value greater than a limit value.

[0213] According to an embodiment, the control unit 3
is programmed, in the absence of slowing down condi-
tions, to control the drive unit of the vehicle to perform
the inspection according to a speed of forward movement
profile including a first acceleration step up to the maxi-
mum cruising speed, a second step of advancing at a
constant speed and a third slowing down step until stop-
ping at the geographical arrival position. According to an
embodiment, the control unit 3 is programmed to identify
one or more stopping conditions. The control unit 3 is
programmed to stop the vehicle 1 if at least one of said
one or more stop conditions occurs. Said one or more
stop conditions include one or more of the following con-
ditions:

- real-time position of the vehicle 1, determined on the
basis of position data 601, far from the geographical
arrival position by a value less than an permissible
threshold; this condition allows the vehicle 1 to be
stopped when it is close to the geographical desti-
nation position;

- ratio between the real time distance of the vehicle 1
from the geographical destination position and the
minimum distance (during travel along the stretch)
of the vehicle 1 from the geographical destination
position less than a predetermined value; this con-
dition makes it possible to stop the vehicle 1 if the
latter does not move below the permissible threshold
and then continue to move away;

- autonomy of the vehicle 1, determined on the basis
of autonomy data 401, less than a value of autonomy
necessary to reach the geographical destination po-
sition; this condition prevents the vehicle from re-
maining without power supply since the previous
condition might not occur if the vehicle 1 rotates
about the geographical destination position, without
varying its distance from the latter;

- distance travelled by the vehicle 1, determined on
the basis of position data 601 and/or on the basis of
dynamic data 931, greater than the maximum dis-
tance value which may be travelled;

- a voltage for powering the motors which is anoma-
lous and less than a nominal value; for example, the
cases can be excessive electricity consumption (e.
g. lighting), battery at the start not completely
charged, routes with high friction; for this reason, it
is useful for the control unit to stop the vehicle before
it switches off due to insufficient power supply;

- generic alarms relating to malfunctions of the drive
unit, of the communication module 5, of the power
supply system 4, of the inspection system 2;

- identifying, based on inspection data 201, obstacles
to the front and sides; more specifically, the control
unit 3 is programmed to slow down the vehicle 1 in
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the presence of obstacles in front and/or materials
for ending with the stopping of the vehicle 1 before
reaching the obstacle. The control unit 3 is pro-
grammed to keep the vehicle 1 stationary until the
obstacle is removed. If the obstacle is not removed,
for example in the presence of a permanent obstruc-
tion, the control unit 3 is programmed to require man-
ual recovery of the vehicle 1.

- travel time, that is to say, the time in which the vehicle
1 is moving, greater than a limit time interval.

[0214] According to an embodiment, the remote user
interface 1002 comprises one or more of the following
features:

- a general status panel, designed for mission moni-
toring and for controlling the movement of the vehicle
1, which provides one or more of the following items
of information: real-time position of the vehicle 1; in-
spection speed profile; real-time forward movement
speed; distance travelled updated in real time;
number of obstacles found and voltage of power sup-
ply system 4; percentage of completion of the in-
spection and distance from geographical destination
position and/or reaching at least one current stop-
ping condition; time and date of last data receiving;
current network configurations;

- a panel for configuring the mission profile, dedicated
to selecting the cruising speed, the geographical
destination position and the maximum distance
which can be travelled;

- a dedicated LOG panel to monitor all the signals in-
side the system 1001;

- a manual interaction panel for checking the inspec-
tion of the vehicle 1, in which the following operations
can be performed: speed control; position control (at
regular intervals); setpoint change (speed and posi-
tion); stop command; control for storing a photo
and/or a measurement; commands (where possible)
for rotating said one or more video cameras 24;

- a panel for configuring and diagnostics;
- a panel for loading and downloading the data, pref-

erably inspection data 201.

Claims

1. A vehicle (1) for inspecting a stretch of a railway line,
comprising:

- a supporting structure (10);
- a cover (11), associated with the supporting
structure (10);
- a plurality of rolling elements (9), connected to
the supporting structure (10) and configured to
make contact with the tracks of the railway line,
so as to allow the vehicle (1) to move on the
tracks, along a stretch of the railway line;

- an inspection system (2), including one or more
sensors (21, 22, 23, 24) and configured to detect
inspection data (201) relative to the stretch of
the railway line travelled by the vehicle (1);
- an actuating unit (91), associated with said plu-
rality of rolling elements (9) for transmitting a
drive torque;
- a control unit (3), programmed to control the
actuating unit (91);
- a user interface (8), connected to the control
unit (3) for setting reference values for one or
more control parameters,

wherein the control unit (3) is programmed for con-
trolling the actuation unit (91) on the basis of said
reference values.

2. The vehicle (1) according to claim 1, wherein the
control parameters include one or more of the fol-
lowing parameters:

- cruising speed;
- maximum speed;
- distance in kilometres;
- maximum distance in kilometres;
- geographical starting position;
- geographical arrival position;
- interruption of the journey, or not, if there is an
object which prevents the vehicle (1) from mov-
ing forward;
- number and type of sensors active between
said one or more sensors;
- detection distance of said one or more sensors.

3. The vehicle (1) according to claim 1 or 2, comprising
a localisation system (6), configured to indicate, in
real time, a geographical position of the vehicle (1),
and wherein the control unit (3) is programmed to
stop the actuation unit for a geographical position
having a distance from the geographical arrival po-
sition less than a predetermined distance.

4. The vehicle (1) according to claim 3, wherein the
control unit is programmed to save anomalies in an
inspection data memory, representing the presence
of an obstacle in the stretch of railway line and where-
in the control unit is programmed to associate with
said abnormal inspection data:

position data, detected by the localisation sys-
tem and identifying the geographical position in
which the vehicle (1) has detected the abnormal
inspection data (201); and/or
distance in kilometres data, identifying a dis-
tance in kilometres travelled up to the geograph-
ical position in which the vehicle (1) has detected
the abnormal inspection data (201).
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5. The vehicle (1) according to any of the preceding
claims, wherein the control unit (3) is programmed
to receive distance data, representing a distance in
kilometres travelled by the vehicle (1), and wherein
the control unit (3) is programmed to stop the actu-
ating unit (91) for distances in kilometres which are
greater than or equal to a maximum distance in kil-
ometres value.

6. The vehicle (1) according to any one of the preceding
claims, comprising an electrical energy accumulator
(4) and wherein the actuating unit (91) is powered
by the electrical energy accumulator (4) and wherein
the control unit (3) is programmed to receive auton-
omy data (401), representing an autonomy of the
energy accumulator (4), and wherein the control unit
(3) is programmed to stop the actuation unit (91) for
values of autonomy of the energy accumulator (4)
less than or equal to a predetermined autonomy val-
ue.

7. The vehicle (1) according to any one of the preceding
claims, wherein the control unit (3) is programmed
for calculating in real time a value of a stopping pa-
rameter, calculated as the ratio between the real time
distance of the vehicle (1) from the geographical des-
tination position and the minimum distance of the
vehicle (1) from the geographical destination posi-
tion, and wherein the control unit (3) is programmed
to stop the actuation unit (91) for a value of the stop-
ping parameter greater than a predetermined value.

8. The vehicle (1) according to any one of the preceding
claims, wherein said one or more sensors (21, 22,
23, 24) are configured for detecting inspection data
(201) for a zone in front of the vehicle (1) and for a
zone to the side of the vehicle (1).

9. The vehicle (1) according to claim 8, wherein said
one or more sensors include a first Lidar (21), con-
figured for scanning the zone in front of the vehicle
(1), and a second Lidar (29, configured for scanning
the zone to the side of the vehicle (1).

10. The vehicle (1) according to claim 9, wherein the
second Lidar (22) is positioned on an upper wall
(111) of the cover (11) and wherein the first Lidar
(21) is positioned in a forward position relative to the
second Lidar (22), along a direction of movement (A)
and in a direction of movement (VA) of the vehicle (1).

11. The vehicle (1) according to any one of the preceding
claims, wherein said one or more sensors include
one or more video cameras (24) even in a stereo
configuration, configured to detect image data (241),
representing images of the stretch of railway line.

12. The vehicle (1) according to any one of the preceding

claims, comprising at least one illuminator (25), po-
sitioned on the cover (11) and facing in the direction
of movement (VA).

13. The vehicle (1) according to any one of the preceding
claims, wherein the control unit (3) is programmed
to receive stretch data, identifying the stretch of rail-
way line, and wherein the control unit (3) is pro-
grammed to control the actuating unit (91), alterna-
tively or in combination,

i) based on the stretch data, for adjusting the
speed of movement of the vehicle (1) in the pres-
ence of curves and/or tunnels;
ii) based on inspection data (201).

14. The vehicle (1) according to any one of the preceding
claims, comprising an inertial sensor, configured for
determining vibration, acceleration or movement da-
ta of the vehicle (1), and wherein the control unit (3)
is programmed for reducing a speed of travel of the
vehicle (1) for values of the vibration of the vehicle
(1), for slipping of the wheels and centrifugal force
greater than a threshold value.

15. A method for inspecting a stretch of railway line, com-
prising the following steps:

- preparing a self-propelled vehicle (1), the ve-
hicle (1) being configured to move on the tracks
of the railway line by means of an actuating unit
(91) included in the vehicle (9), and being
equipped with sensors (21, 22) for detecting in-
spection data (201) indicating any obstacles to
the railway traffic;
- moving the vehicle (1) along the stretch of rail-
way line to be inspected and detecting inspec-
tion data (201) relating to said stretch of line;
- setting reference values for one or more control
parameters in a control unit (3) included in the
vehicle (1);
- controlling the actuating unit (91) on the basis
of said reference values, by the control unit (3).
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