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Description

[0001] Thisinvention 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 pre-
paration 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 com-
pleted, the workers remove the equipment and the ma-
terials used in order to re-establish the circulation of trains
along the railway line on which operations have been
performed.

[0005] 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.

[0006] For this reason, before re-activating circulation,
it is important to check the absence of obstacles to the
circulation of trains.

[0007] However, the removal and control performed by
the workers is, by its very nature, subject to human error.
[0008] In order to examine whether the railway line is
clear,in some casesitis envisaged to travel along it with a
railway vehicle guided by an authorised operator, who,
proceeding atreduced speed, checks that the railway line
does not have obstructions. This solution is, however,
very slow andisinany case, evenif only partly, carried out
by human control.

[0009] 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
vehicle is easily subject to problems and faults in its
movement along the railway line.

[0010] 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.

[0011] However, the production of steel wheels means
that the wheels are very heavy and, therefore, the cost of
moving the vehicle is greater.

[0012] Moreover, the vehicle which implements said
wheels cannot be moved (manually) in an easy manner,
precisely due to the heavy weight.

[0013] Moreover, again in the sector of industrial ve-
hicles, the wheels receive motor torque from a central
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motor, which, using suitable transmission systems, trans-
mits the torque to the drive wheels.

[0014] However, the weight of the transmission is very
high and further increases the costs for moving the
vehicle. Moreover, on very curved stretches, the speed
of rotation of the wheels should be different, to avoid
slipping of the wheels.

[0015] 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
ofthe vehicle. In effect, a lightweight objectis very easy to
handle, even just by a pair of railway workers.

[0016] 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 itis subject to human
error. Notlessimportant, the presence of adriverrequires
that there is a control cabin, the overall size of which
makes the vehicle necessarily not transportable manu-
ally.

[0017] Other solutions which illustrate a vehicle and a
method for inspecting a stretch of railway line are illu-
strated in the following patent documents:
US2019256113A1, 1T201800009264A1, US5786750A,
US201636851 0A1, US5429329A and
DE102018119151A1. These documents describe solu-
tions which have various drawbacks, for example limited
control over the route of the vehicle, fallible control logics
which reduce the reliability of the system and a shape
which has a low aerodynamic efficiency that translates
into a high consumption per unit of space.

[0018] 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.

[0019] Said aimis fully achieved by the vehicle and the
method according to the invention as characterised in the
appended claims.

[0020] According to an aspect of the invention, a ve-
hicle is provided for inspecting a railway line in a parti-
cularly reliable manner.

[0021] The vehicle comprises a supporting structure.
The vehicle comprises a cover. The cover is associated
with the supporting structure.

[0022] The vehicle comprises a plurality of rolling ele-
ments (plurality of wheels). The plurality of wheels is
connected 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.

[0023] 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.

[0024] 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.

[0025] 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
regarding the presence of obstacles to railway traffic
along said stretch of railway line.

[0026] The control unit is programmed to control the
actuating unit in response to the inspection data.
[0027] This makes itpossible to monitorand 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.

[0028] According to other embodiments, the vehicle is
aremote manual driving vehicle, thatis to say, the vehicle
is driven remotely by an operator who sends driving
signals to the control unit by means of a connection to
the network.

[0029] 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 the invention, the actuating unit comprises a
plurality of electric motors. Each electric motor of said
plurality is associated with a corresponding rolling ele-
ment of said plurality of rolling elements.

[0030] This makes it possible to obtain reduced
weights and independent control of the individual rolling
elements.

[0031] 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.

[0032] According to the invention, 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
corresponding rolling element. The control unit is config-
ured for controlling the actuating unit in response to the
movement data (dynamic data).

[0033] 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.

[0034] The covering the rolling elements with the cover
reduces the turbulence generated by the latter on the air
and thus reduces the resistance of the air.
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[0035] 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 coverincludes an upper wall, opposite the lower wall.
[0036] According to an embodiment, the upper wall is
in a advanced position relative to the lower wall along the
longitudinal axis towards the first longitudinal end.
[0037] Inotherwords, the upper wall extends along the
longitudinal axis up to an end facing in the direction of
forward movement of the vehicle which is positioned in an
advanced position relative to the corresponding end of
the lower wall.

[0038] 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.

[0039] 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.

[0040] According to an embodiment, the lower wall is
smooth. Preferably, the lower part is made of a heat
conductive material to favour the heat exchange of the
internal systems, for example, but without limiting the
scope of the invention, it might be made of aluminium.
[0041] This allows a laminar flow of the air which re-
duces the resistance of the air as the vehicle moves
forward.

[0042] 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.
[0043] Thereticular structure reduces the weight of the
vehicle without adversely affecting the mechanical
strength.

[0044] According to an embodiment, the supporting
structure is a hyperstatic structure. The reticular structure
comprises a plurality of articulated couplings.

[0045] 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.
[0046] 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, mak-
ing the structure hyperstatic.

[0047] The articulated couplings allow an easier as-
sembly of the reticular structure which, since it is hyper-
static, could be difficult to assemble.

[0048] 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.

[0049] 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 materi-
aland configured to enter into contact with the track of the
railway line, and wherein the supporting structure is
made of carbon.

[0050] According to an embodiment, the vehicle com-
prises a differential. The differential is configured for
adjusting the rotation of each rolling element of said
plurality of rolling elements.

[0051] 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.

[0052] The control unitincludes a read and write mem-
ory. The read and write memory contains reference va-
lues for one or more control parameters.

[0053] The control unit is programmed for controlling
the actuation unit on the basis of said reference values.
[0054] 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;

- numberand type of sensors active between said one
Or more Sensors;

- detection distance of said one or more sensors.

[0055] According to an embodiment, the control unitis
programmed for controlling the actuation unit on the
basis of said reference values.

[0056] 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.

[0057] The control unit is programmed to stop the
actuation unit for a geographical position having a dis-
tance from the geographical arrival position less than a
predetermined distance.

[0058] This allows the vehicle to determine autono-
mously when it has reached the destination.

[0059] According to an embodiment, the control unitis
programmed to receive distance data representing a
distance 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.
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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.

[0060] 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).
[0061] According to an embodiment, the vehicle com-
prises an electricity accumulator. The actuating unit is
powered by the electricity accumulator. The control unitis
programmed to receive autonomy data, representing an
autonomy of the energy accumulator.

[0062] According to an embodiment, the control unitis
programmed to stop the actuating unit for values of
autonomy of the energy accumulator less than or equal
to a predetermined autonomy value.

[0063] This always allows the geographical starting
position to be always returned to, since, preferably, the
predetermined autonomy value is equal to the value of
electricity necessary to return the vehicle to the geogra-
phical starting position. In any case, this control allows, if
the vehicle has not reached the destination, to stop the
vehicle before the latter stops due to lack of power supply.
Inshort, it allows the battery to be preserved, avoiding the
complete discharge.

[0064] 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
accumulator less than or equal to the predetermined
autonomy value, to allow a return of the vehicle auton-
omously.

[0065] According to an embodiment, the control unitis
programmed for calculating, preferably but not necessa-
rily in real time, a value of a stopping parameter. The
stopping 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
vehicle from the geographical destination position.
[0066] According to an embodiment, the control unitis
programmed to stop the actuating unit for a value of the
stopping parameter greater than a predetermined value.
[0067] This control makes it possible to identify situa-
tions in which the vehicle moves towards the geographi-
cal 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.

[0068] According to an example embodiment, the con-
trol unit is also programmed to control the automatic
stopping of the vehicle, in response to (the processing
of) inspection data; for example, in response to a detec-
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tion of objects in front on the plane of travel of the vehicle.
[0069] 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 embodiment,
said one or more sensors are configured for detecting
inspection data for a zone to the side of the vehicle.
[0070] 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 embodi-
ment, said one or more sensors comprise a second Lidar
unit, configured for scanning the zone to the side of the
vehicle.

[0071] 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 away as to make the first
Lidar unit redundant. The fourth Lidar unit is configured
for scanning the side zone of the vehicle, in such away as
to make the second Lidar unit redundant.

[0072] 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.

[0073] According to an embodiment, the second Lidar
unitis 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.

[0074] 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.
[0075] According to an embodiment, the control unitis
programmed to process the image data in order to iden-
tify information regarding the nature of the objects which
are encountered. The control unit is programmed to use
object detection algorithms, for identifying the category of
object encountered along the route.

[0076] 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.

[0077] According to an embodiment, the video cam-
eras allow a video streaming visible by a user terminal
and the video recording for a subsequent analysis.
[0078] 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
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the cover. The illuminator faces in the direction of forward
movement.

[0079] 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.

[0080] According to an embodiment, the control unitis
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.

[0081] According to an embodiment, the control unit is
programmed to control the actuating unit on the basis of
the inspection data.

[0082] 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.

[0083] According to an embodiment, the control unitis
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.

[0084] 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.

[0085] According to an aspect of the invention, a sys-
tem is provided for inspecting a railway line.

[0086] 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 unitis equipped
with a user interface, to allow a user to enter control data.
The processing unit is programmed for receiving the
inspection data from the vehicle. The processing unit is
programmed to send the control data to the vehicle.
[0087] According to an aspect of the invention, a meth-
od is provided for inspecting a stretch of railway line.
[0088] 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 in-
spected. The method comprises a step of detecting in-
spection data relating to said stretch of line.

[0089] The method comprises a step of processing
inspection data.

[0090] The method comprises a step of generating
information regarding the presence of obstacles to rail-
way traffic along the stretch of railway line inspected.
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[0091] 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.

[0092] The method comprises a step of autonomous
driving of the vehicle, wherein the control unit of the
vehicle controls the actuating unit in response to the
processing of the inspection data.

[0093] According to an embodiment, the method com-
prises a step of setting reference values for one or more
control parameters, in the control unit.

[0094] The method comprises a step of controlling the
actuating unit on the basis of said reference values, by
the control unit.

[0095] 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 inadmis-
sible vibrations.

[0096] It should also be noted that, according to an
example embodiment, the vehicle is equipped with a
signalling device (visual, acoustic or of another type),
to indicate 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
ofthe vehicle. Thereis 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.
[0097] A further aim of the invention is to provide a
wheel and a method for moving a vehicle which over-
come at least one of the above-mentioned drawbacks of
the prior art.

[0098] Said aim is fully achieved by the wheel and the
method according to the invention as characterised in the
appended claims.

[0099] The invention provides a wheel of a vehicle for
inspecting a railway line.

[0100] 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
partly) with a track of the rail of the railway line.

[0101] Thewheel comprises awear element. The wear
element is made of plastic material.

[0102] According to an embodiment, the side wall in-
cludes afirst portion. The wear element is superposed on
the first portion. The wear element defines a first contact
surface. The first contact surface is designed to make
contact with a rolling portion of the track. The rolling
portion of the track is substantially parallel to the ground.
[0103] The wear element comprises a second portion.
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The second portion defines a second contact surface.
The second contact surface is (substantially) inclined
relative 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 sub-
stantially perpendicular to the ground.

[0104] 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 awear 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 effectis that of being
able to use materials which have a very low specific
weight compared with that of steel.

[0105] According to an embodiment, the second con-
tact surface has a distance from the axis of rotation
greater than that of the first contact surface.

[0106] According to an embodiment, the side wall
comprises 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. Prefer-
ably, said point of contact does not comprise disconti-
nuities, protuberances, steps. This allows homogeneous
wear of the wear element.

[0107] 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.

[0108] The electric motor includes a rotor. The rotor is
connected to the disc-shaped body in order to rotate it.
The electric motor comprises a stator.

[0109] The stator can be associated with a frame of the
vehicle.

[0110] Thisfeature makes it possible to have an auton-
omous 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
obvious advantages in terms of overall dimensions and
weight of the vehicle.

[0111] 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.

[0112] 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.

[0113] 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
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is supported by the supporting plate by one or more
rolling bearings.

[0114] 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.

[0115] 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.

[0116] 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
relative to the frame.

[0117] According to anembodiment, 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.

[0118] 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.
[0119] According to a preferred embodiment, the disc-
shaped body is made of aluminium. According to a pre-
ferred embodiment, the wear element is made of poly-
urethane.

[0120] According to an embodiment, the outer dia-
meter of the wheel is included in a range of between
100 mm and 1000 mm, preferably 200 mm and 600 mm,
preferably 350 mm and 500 mm.

[0121] According to an aspect of the invention, the
invention provides a method for moving along a track a
vehicle for inspecting a railway line.

[0122] 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
firstand the second face and configured to make contact
with the track.

[0123] 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.

[0124] 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
element superposed on a first portion of the side wall
of the respective disc-shaped body.

[0125] Accordingto an embodiment of the method, the
disc-shaped body comes into contact with a contact
portion of the track in a second contact surface, defined
by a second portion of the side wall of the respective disc-
shaped body.

[0126] 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.
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[0127] 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.

[0128] These and other features will become more
apparent from the following detailed description of a
preferred embodiment, illustrated by way of nonlimiting
example in the accompanying drawings, in which:

Figure 1 is a perspective view of a vehicle for in-
specting a stretch of railway line;

- Figure 2 illustrates a supporting structure of the
vehicle of Figure 1;

- Figure 3 is a perspective view of a wheel of the
vehicle 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.

[0129] 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 movement be-
tween a firstend 1A and a second end 1B. The vehicle 1
also extends along a transversal direction T, perpendi-
cular to the direction of forward movement A. Lastly, the
vehicle 1 has a height along the vertical direction V,
perpendicular to the transversal direction T and to the
direction of forward movement A.

[0130] The vehicle 1 comprises a supporting structure
10 which is configured to support the components of the
vehicle 1 during its forward movement.

[0131] 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.

[0132] The cover 11 comprises, on its upperwall 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
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other words, the upper wall is ridge shaped, in such away
astohave araised 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.

[0133] Accordingtoanembodiment, the lowerwall 111
is smooth.

[0134] 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.
[0135] 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 Ain the
feed direction VA.

[0136] 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.

[0137] Accordingto an embodiment, the cover 11 com-
prises two side walls 117, 118.

[0138] 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.
[0139] According to an embodiment, the supporting
structure 10 comprises a plurality of tubular elements
101. The supporting structure comprises a plurality of
nodes 102.

[0140] 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.

[0141] 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 hor-
izontal 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
tubular element 101 of said plurality by means of a
respective node 102 of said plurality.

[0142] Each node 102 of said plurality comprises one
or more of the following features:

- ahousing, 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
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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
symmetry;

- 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 ar-
ticulated 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 articu-
lated coupling is locked and the tubular element 101
can no longer rotate relative to the node 102.

[0143] According to an embodiment, the supporting
structure 10 is a hyperstatic structure.

[0144] According to an embodiment, the supporting
structure 10 comprises a supporting framework 103,
configured to support one or more sensors in a frontzone
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 reti-
cular 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.

[0145] 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
element of the vehicle 1. Each coupling plate 104 is
preferably provided with one or more holes, for connec-
tion to the corresponding rolling element by threaded
and/or bolted connections.

[0146] According to an embodiment, each supporting
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
supporting plate 104 to transmit to the frame and dampen
the stresses it receives from the corresponding rolling
element.

[0147] Thus, the supporting structure 10 includes a
frame; the frame, according to an example embodiment,
includes areticular 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 outside
the frame.

[0148] The cover 11 is connected to the supporting
structure 10. According to an example, the cover 11
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surrounds (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.

[0149] According to an example embodiment, each
wheel of the vehicle is connected to the supporting
structure 10 independently from the other wheels.
[0150] 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.

[0151] The vehicle 1 comprises a control unit 3, con-
figured to control the vehicle 1.

[0152] Theinspection systemis configured for sending
the inspection data 201 to the control unit 3.

[0153] According to an embodiment, the inspection
system 2 comprises a first Lidar unit 21. According to
an embodiment, the inspection system 2 comprises a
second Lidar unit 22.

[0154] According to an embodiment, the inspection
system 2 comprises a third Lidar unit 23.

[0155] 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 control.
[0156] According to an embodiment, the first Lidar unit
21 is configured for performing a scanning of the envir-
onment located in front of the vehicle 1, on a first plane,
parallel to the horizontal plane.

[0157] According to an embodiment, the second an-
d/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.

[0158] According to an embodiment, the second an-
d/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.

[0159] 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 tub-
ular element 101 of said plurality.

[0160] 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.
[0161] More specifically, the Lidar units 21, 22, 23 are
configured to send a data vector containing the succes-
sion of readings of the sensor with variations in the
position of the vehicle 1 and with changes in a beam.
For example, the readings available could be:
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- Acaquisition time in nanoseconds;

- Measurement ID

- Encoder measurement

- Block of data with: distance, reflectivity, number of
photons read, noise photons.

[0162] 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.
[0163] 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 1in
the stretch of railway line.

[0164] 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.
[0165] Inparticular, inthe context of video camerasina
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.

[0166] The reconstruction of the three-dimensional
geometry is generally performed by using in sequence
two algorithms of a different type: firstly, the correspon-
dence between the points of one image and those of
another is identified, so for each correspondence a trian-
gulation is performed which allows, on the basis of the
known information (image points and position/orientation
of the chambers) the three-dimensional positions of each
correspondence to be reconstructed.

[0167] 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.

[0168] 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.

[0169] 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, atthe 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
supply system 4.

[0170] According to an embodiment, the vehicle 1
comprises a communication module 5. The communica-
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tion module 5 is configured to allow a remote connection
with remote terminals. More specifically, the communica-
tion module 5 allows the exchange of signals with remote
terminals.

[0171] 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.

[0172] According to an embodiment, the vehicle 1
comprises a localisation sensor 6, configured for detect-
ing position data 601, representing a geographical posi-
tion of the vehicle 1, preferably in real time. According to
an embodiment, the localisation sensor 6 is a GPS sen-
sor.

[0173] The localisation sensor is configured to send
the position data 601 to the control unit 3.

[0174] According to an embodiment, the vehicle 1
comprises an alarm system 7. The alarm system 7 com-
prises an acoustic indicator 71. The alarm system 7
comprises a luminous indicator 72, if necessary inter-
mittent. According to an embodiment, the alarm systemis
configured for receiving control signals 301 from the
control unit 3.

[0175] 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
1inresponse to the selection of the main ON/OFF button
81.

[0176] 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.
According to other embodiments, the control unit 3 com-
prises a third card 33. Moreover, according to an embodi-
ment, the control unit 3 comprises a dedicated memory
for each of said second and third cards 32, 33.

[0177] According to this embodiment, the second card
32is 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.

[0178] According to an embodiment, the vehicle com-
prises a drive unit, designed for moving the vehicle 1.
[0179] The drive unit comprises a plurality of wheels
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(rolling elements) 9. More specifically, according to the
preferred embodiment, the vehicle comprises four
wheels 9.

[0180] Thedrive unitcomprises, foreach 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 tra-
velled by the vehicle 1;

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

[0181] 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.

[0182] Accordingto an embodiment, the userinterface
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.

[0183] According to an embodiment, the local user
interface 8 is positioned on the cover 11, in a front or
rear zone of the vehicle 1.

[0184] According to an embodiment, each electric mo-
tor 91 comprises a rotor 911 and a stator 912.

[0185] 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 supporting
plate 95 receive one or more connection bolts which pass
through the coupling plate 104.

[0186] The connecting holes 951 of the supporting
plate 95 are angularly spaced by ninety degrees from
each other.

[0187] According to an embodiment, the supporting
plate 95 comprises a second plurality of connecting holes
952. The second plurality of connecting holes 952 is
configured to allow a connection between the supporting
plate 95 and the stator 912 of the electric motor 91.
[0188] 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.

[0189] Said plurality of pins of the connecting ring 9121
inserts into the second plurality of connecting holes 952
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of the supporting plate 95.

[0190] The wheel 9 comprises a drive shaft 96, con-
figured to rotate about an axis of rotation R of the wheel 9.
[0191] 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
rotation R. The diameter of the outer crown 971 along
the axis of rotation Ris variable. The disc-shaped body 97
comprises a plurality of spokes 972. The disc-shaped
body 97 comprises a connecting hub 973.

[0192] The plurality of spokes 972 is connected to an
inner surface Sl of the outer crown 971. The plurality of
spokes 972 is connected to an outer surface of the
connecting hub 973. The thickness of the plurality of
spokes 972 along the axis of rotation R is less than the
thickness along the axis of rotation R of the outer crown
971.

[0193] 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.

[0194] 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 electric
motor 91 by a first key CH1.

[0195] 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.

[0196] 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.

[0197] According to an embodiment, the position sen-
sor 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.

[0198] According to an embodiment, the outer crown
971 comprises a side wall 971°. The side wall 971’ com-
prises an inner surface Sl, connected to the plurality of
spokes 972. The side wall 971’ comprises an outer sur-
face SE.

[0199] 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.
[0200] The second portion P2 has a curved profile, in
particular with a double curve, having opposite curvature
(for example S-shaped).

[0201] 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
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R relative to the first portion P1.

[0202] According to an embodiment, the wheel 9 com-
prises a wear element 98. The wear element 98 is super-
posed on the first portion P1 of the outer surface of the
side wall 971"

[0203] 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.

[0204] The wear element 98 has a radial thickness
variable 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.

[0205] The maximum radial thickness is defined, ac-
cording to an embodiment, by the radial height of the step
G, in such a way that the wear element defines a con-
tinuous surface with the second portion P2 of the outer
surface SE of the side wall 971’

[0206] 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.

[0207] According to an embodiment, the second por-
tion 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 oriented
substantially vertically (perpendicular to the rolling por-
tion of the track).

[0208] According to an embodiment, the second por-
tion P2 defines a third contact surface SC3. The third
contact surface SC3 faces in a direction substantially
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 predeter-
mined branch. This avoids the rolling element opposite
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.

[0209] According to an embodiment, the side wall 971’
comprises a ridge, the two sides of which are defined by
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.
[0210] 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.

[0211] According to an embodiment, the wear element



21 EP 4 015 342 B1 22

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.
[0212] According to an embodiment, the disc-shaped
body 97 (in general the components of the wheel) is made
of aluminium.

[0213] 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.

[0214] 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.

[0215] According to an embodiment, the control unit 3
comprises a memory (reading and writing). The memory
contains reference values for one or more control para-
meters. Preferably, the control unit 3 is programmed for
controlling the actuation unit on the basis of said refer-
ence values.

[0216] 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.

[0217] According to an embodiment, this invention
provides 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.

[0218] Moreover, the system 1000 comprises a pro-
cessing unit 1001. The processing unit 1001 is located in
a stationary position. Preferably, the position of the pro-
cessing unit 1001 is remote relative to the vehicle.
[0219] According to an embodiment, the processing
unit is equipped with a user interface (remote) 1002, to
allow a user to enter control data 1003.

[0220] According to an embodiment, the processing
unit 1001 is programmed to receive the inspection data
201 from the vehicle 1. According to an embodiment, the
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processing unit 1001 is programmed to send the control
data to the vehicle. The control data 1003, according to
an embodiment, represents the values of the control
parameters saved in the memory of the control unit 3.
This makes it possible to suitably program 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 module, for example by
means of Wi-Fi, LTE or GSMR connection.

[0221] According to an embodiment, the communica-
tion module sends, preferably in real time, information on
the vehicle during its travel. Said information is, for ex-
ample, 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 stream-
ing on the stretch of line travelled along.

[0222] According to an embodiment of processing, the
remote processing unit 1001 may be a personal compu-
ter, a tablet and/or a smartphone.

[0223] According to an embodiment, the system com-
prises 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 redun-
dancy on the vehicle 1.

[0224] 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, ifa 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 authorisation
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.

[0225] Theremote userinterface 1002, accordingtoan
embodiment, comprises areplication (redundancy) ofthe
main ON/OFF pushbutton 81 and the drive ON/OFF
pushbutton.

[0226] Accordingto an embodiment, the userinterface
allows the display of the vehicle data in real time.
[0227] According to an embodiment, the control unit 3
is programmed to control the electricity supply to the
electric 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.

[0228] 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 pro-
grammed to compare the value of the speed of forward
movement with the maximum cruising speed value be-
tween the reference values. The control unit 3 is pro-
grammed 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.
[0229] The control unit 3 is programmed to detect a
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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 pro-
grammed 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 an-
d/or tunnels.

[0230] 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.

[0231] According to an embodiment, the control unit 3
is programmed to identify one or more slowing down
conditions. 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.
[0232] 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
distance 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.

[0233] Thevehicle 1 comprises anaccelerometer (IMU
sensor), programmed to detect vibration data, represent-
ing a vibration of the vehicle 1.

[0234] 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,
tunnels) 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 pre-
sence of high lateral accelerations and/or high an-
gular 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
average speed of rotation of the wheels of the vehicle

1;

- distance from the geographical destination point
below 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.

[0235] According to an embodiment, the control unit 3
is programmed, in the absence of slowing down condi-
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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 max-
imum 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.

[0236] According to an embodiment, the control unit 3
is programmed to identify one or more stopping condi-
tions. The control unit 3 is programmed to stop the vehicle
1 if at least one of said one or more stop conditions
occurs.

[0237] Said one or more stop conditions include one or
more of the following conditions:

- 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 itis close to the geographical destina-
tion 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 posi-
tion less than a predetermined value; this condition
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 ofthe vehicle 1, determined on the basis of
autonomy data 401, less than a value of autonomy
necessary to reach the geographical destination
position; this condition prevents the vehicle from
remaining 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
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,
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for example in the presence of a permanent obstruc-
tion, the control unit 3 is programmed to require
manual 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.
According to an embodiment, the remote user inter-
face 1002 comprises one or more of the following
features:

- a general status panel, designed for mission
monitoring 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; inspection speed pro-
file; real-time forward movement speed; dis-
tance travelled updated in real time; number
of obstacles found and voltage of power supply
system 4; percentage of completion of the in-
spection and distance from geographical desti-
nation position and/or reaching at least one
current stopping condition; time and date of last
data receiving; current network configurations;

- apanel for configuring the mission profile, dedi-
cated to selecting the cruising speed, the geo-
graphical destination position and the maximum
distance which can be travelled;

- adedicated LOG panel to monitor all the signals
inside the system 1001;

- amanual interaction panel for checking the in-
spection of the vehicle 1, in which the following
operations can be performed: speed control;
position control (at regular intervals); setpoint
change (speed and position); stop command;
control for storing a photo and/or a measure-
ment; 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,
preferably inspection data 201.

Claims

Avehicle (1) forinspecting 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
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;
-aninspection 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
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plurality of rolling elements (9) for transmitting
a drive torque, wherein the actuating unit (91)
comprises a plurality of electric motors (91),
each electric motor (91) of said plurality being
associated with a corresponding rolling element
(9) of said plurality of rolling elements;

- a control unit (3), connected to the inspection
system (2) for receiving the inspection data
(201) and programmed to process the inspec-
tion data (201), to derive information regarding
the presence of obstacles to railway traffic along
said stretch of railway line,

wherein the control unit (3) is programmed to
control the actuating unit (91) in response to the
inspection data (201),

characterised in that the vehicle comprises, for
each rolling element (9) of said plurality, a cor-
responding movement sensor (93), configured
to determine movement data (931) representing
an angular speed of the corresponding rolling
element (9), wherein the control unit (3) is con-
figured to control the actuation unit (91) in re-
sponse to the movement data (931).

The vehicle (1) according to claim 1, comprising an
electricity accumulator (4).

The vehicle (1) according to claim 1 or claim 2,
wherein the cover (11) surrounds, at least partly,
one or more of the rolling elements (9) of the plurality
of rolling elements.

The vehicle (1) according to any one of the preceding
claims, wherein the vehicle extends along a long-
itudinal axis (A) from a first end (1A) to a second end
(1B) according to a direction of movement (VA), and
wherein the cover (11) extends longitudinally be-
tween a first longitudinal end and a second long-
itudinal end, the cover (11) including a lower wall
(112), facing towards the ground, and an upper wall
(111), opposite the lower wall (112), wherein the
upper wall (111) extends along the longitudinal axis
(A) up to an end facing in the direction of forward
movement of the vehicle (1) which is positioned in an
advanced position relative to the corresponding end
of the lower wall (112).

The vehicle (1) according to claim 4, wherein the
cover (11) includes a rear wall (114), which connects
the upper wall (111) to the lower wall (112), and
wherein the rear wall (114) is perpendicular to the
longitudinal axis (A).

The vehicle (1) according to claim 4 or 5, wherein the
lower wall (112) is smooth.

The vehicle (1) according to any one of the preceding
claims, wherein the supporting structure (10) is a
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reticular structure, including a plurality of tubular
elements (101) and a plurality of nodes (102), each
node (102) being configured for connecting two or
more tubular elements (101).

The vehicle (1) according to claim 7, wherein the
supporting structure (10) is a hyperstatic structure
and comprises a plurality of couplings, each coupling
including a hinge and being housed in a correspond-
ing housing of a node (102) and connected to a
tubular element (101) of said plurality.

The vehicle (1) according to any one of the preceding
claims, wherein each rolling element (9) of said
plurality comprises a first portion (97), made of alu-
minium, and a second portion (98), made of plastic
material and configured to enter into contact with the
track of the railway line, and wherein the supporting
structure (10) is made of carbon.

The vehicle (1) according to any one of the preceding
claims, comprising a differential, configured for ad-
justing the rotation of each rolling element (9) of said
plurality of rolling elements.

The vehicle (1) according to any one of the preceding
claims, wherein the control unit (3) includes a read
and write memory containing reference values for
one or more control parameters, the control unit (3)
being programmed to control the actuating unit (91)
on the basis of said reference values, wherein the
one or more 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.

The vehicle (1) according to any one of the preceding
claims, wherein the inspection system (2) includes a
video camera and an illuminator, so that the inspec-
tion data include image data, and wherein the control
unit is programmed to process the image data, to
recognise objects present along said stretch of rail-
way line.

A system (1000) for inspecting a railway line, com-
prising:
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- a vehicle (1) according to any one of the pre-
ceding claims;

-aprocessing unit(1001), located in a stationary
position, remote from the vehicle (1), and
equipped with a user interface (1002), to allow
a user to enter control data (1003),

wherein the processing unit (1001) is programmed
for receiving the inspection data (201) from the ve-
hicle (1) and for sending to the vehicle (1) the control
data (1003).

A method for inspecting a stretch of railway line,
comprising 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 (1), and being
equipped with sensors (2) for detecting inspec-
tion data (201) indicating any obstacles to the
railway traffic, the vehicle further comprising a
plurality of rolling elements (9) connected to a
supporting structure (10) and 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;

- moving the vehicle (1) along the stretch of
railway line to be inspected and detecting in-
spection data (201) relating to said stretch of
line;

- processing inspection data (201) and generat-
ing information regarding the presence of ob-
stacles to railway traffic along the stretch of
railway line inspected,;

- actuating each rolling element (9) of said plur-
ality of rolling elements with a respective electric
motors (91) of a plurality of electric motors (91) of
the actuating unit (91);

- detecting, for each rolling element (9) of said
plurality, movement data (931) representing an
angular speed of the corresponding rolling ele-
ment (9), through a corresponding movement
sensor (93);

- controlling, through a control unit (3), the ac-
tuation unit (91) in response to the movement
data (931).

Patentanspriiche

1.

Fahrzeug (1) zur Inspektion einer Eisenbahnlinie,
umfassend:

- eine Haltestruktur (10);

- eine Abdeckung (11), die mit der Haltestruktur
(10) assoziiert ist;

- eine Vielzahl von Walzelementen (9), die mit
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der Haltestruktur (10) verbunden und dazu aus-
gelegt sind, mit den Gleisen der Eisenbahnlinie
in Kontakt zu kommen, um es dem Fahrzeug zu
ermoglichen, sich auf den Gleisen entlang einer
Strecke der Eisenbahnlinie zu bewegen;

- ein Inspektionssystem (2), das einen oder
mehrere Sensoren (21, 22, 23, 24) einschlief3t
und dazu ausgelegt ist, Inspektionsdaten (201)
in Bezug auf die Strecke der von dem Fahrzeug
(1) befahrenen Eisenbahnlinie zu erfassen;

- eine Betatigungseinheit (91), die mit der Viel-
zahl von Walzelementen (9) zum Ubertragen
eines Antriebsdrehmoments assoziiert ist, wo-
bei die Betatigungseinheit (91) eine Vielzahl von
Elektromotoren (91) umfasst, wobei ein jeder
Elektromotor (91) der Vielzahl mit einem ent-
sprechenden Walzelement (9) der Vielzahl von
Walzelementen assoziiert ist;

- eine Steuereinheit (3), die mitdem Inspektions-
system (2) verbunden ist, um die Inspektions-
daten (201)zu empfangen und programmiertist,
um die Inspektionsdaten (201) zu verarbeiten,
um Informationen tber das Vorhandensein von
Hindernissen fiir den Eisenbahnverkehr entlang
der Strecke der Eisenbahnlinie abzuleiten,
wobei die Steuereinheit (3) so programmiert ist,
dass sie die Betatigungseinheit (91) als Reak-
tion auf die Inspektionsdaten (201) steuert,
dadurch gekennzeichnet, dass das Fahrzeug
fur ein jedes Walzelement (9) der Vielzahl einen
entsprechenden Bewegungssensor (93) um-
fasst, der ausgelegt ist, um Bewegungsdaten
(931) zu bestimmen, die eine Winkelgeschwin-
digkeit des entsprechenden Walzelements (9)
darstellen, wobei die Steuereinheit (3) ausge-
legtist, um die Betatigungseinheit (91) als Reak-
tion auf die Bewegungsdaten (931) zu steuern.

Fahrzeug (1) nach Anspruch 1, umfassend einen
Stromspeicher (4).

Fahrzeug (1) nach Anspruch 1 oder Anspruch 2,
wobei die Abdeckung (11) mindestens teilweise ei-
nes oder mehrere der Walzelementen (9) der Viel-
zahl von Walzelementen umgibt.

Fahrzeug (1) nach einem der vorhergehenden An-
spriiche, wobei sich das Fahrzeug entlang einer
Langsachse (A) von einem ersten Ende (1A) zu
einem zweiten Ende (1B) gemaf einer Bewegungs-
richtung (VA) erstreckt, und wobei sich die Abde-
ckung (11) in Langsrichtung zwischen einem ersten
Langsende und einem zweiten Langsende erstreckt,
wobei die Abdeckung (11) eine untere Wand (112),
die dem Boden zugewandt ist, und eine obere Wand
(111), die der unteren Wand (112) gegenuberliegt,
einschliel3t, wobei sich die obere Wand (111) entlang
derLangsachse (A) bis zu einem Ende erstreckt, das
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in die Vorwartsbewegungsrichtung des Fahrzeugs
(1) weist, das in einer vorgeschobenen Position
relativ zu dem entsprechenden Ende der unteren
Wand (112) positioniert ist.

Fahrzeug (1) nach Anspruch 4, wobei die Abde-
ckung (11) eine Ruckwand (114) einschliel3t, die
die obere Wand (111) mit der unteren Wand (112)
verbindet, und wobei die Riickwand (114) senkrecht
zur Langsachse (A) verlauft.

Fahrzeug (1) nach Anspruch 4 oder 5, wobei die
untere Wand (112) glatt ist.

Fahrzeug (1) nach einem der vorhergehenden An-
spriiche, wobei die Haltestruktur (10) eine netzartige
Struktur ist, die eine Vielzahl von réhrenférmigen
Elementen (101) und eine Vielzahl von Knoten
(102) einschlieRt, wobei ein jeder Knoten (102)
zum Verbinden von zwei oder mehr réhrenférmigen
Elementen (101) ausgelegt ist.

Fahrzeug (1) nach Anspruch 7, wobei die Halte-
struktur (10) eine hyperstatische Strukturistund eine
Vielzahl von Kupplungen umfasst, wobei eine jede
Kupplung ein Scharnier einschliet und in einem
entsprechenden Gehause eines Knotens (102) un-
tergebracht und mit einem réhrenférmigen Element
(101) der Vielzahl verbunden ist.

Fahrzeug (1) nach einem der vorhergehenden An-
spriiche, wobei ein jedes Walzelement (9) der Viel-
zahl einen ersten Abschnitt (97), der aus Aluminium
gefertigt ist, und einen zweiten Abschnitt (98) um-
fasst, der aus Kunststoff gefertigt ist und ausgelegt
ist, um mit dem Gleis der Eisenbahnlinie in Kontakt
zu treten, und wobei die Haltestruktur (10) aus Koh-
lenstoff gefertigt ist.

Fahrzeug (1) nach einem der vorhergehenden An-
spriiche, umfassend ein Differentialgetriebe, das
zum Einstellen der Drehung eines jeden Walzele-
ments (9) der Vielzahl von Walzelementen ausge-
legt ist.

Fahrzeug (1) nach einem der vorhergehenden An-
spriiche, wobei die Steuereinheit (3) einen Lese-und
Schreibspeicher einschlief3t, der Referenzwerte fiir
einen oder mehrere Steuerparameter enthalt, wobei
die Steuereinheit (3) programmiertist, um die Betati-
gungseinheit (91) auf Grundlage der Referenzwerte
zu steuern, wobei der eine oder die mehreren
Steuerparameter aus der folgenden Liste ausge-
wahlt werden:

- Reisegeschwindigkeit;
- maximale Geschwindigkeit;
- Entfernung in Kilometern;
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- maximale Entfernung in Kilometern;

- geographische Ausgangsposition;

- geografische Ankunftsposition;

- Unterbrechung der Fahrt oder nicht, wenn ein
Objekt vorhanden ist, das das Fahrzeug daran
hindert, sich vorwarts zu bewegen;

- Anzahl und Art der Sensoren, die zwischen
dem einen oder den mehreren Sensoren aktiv
sind;

- Erfassungsentfernung des einen oder der
mehreren Sensoren.

Fahrzeug (1) nach einem der vorhergehenden An-
spriiche, wobei das Inspektionssystem (2) eine Vi-
deokamera und eine Beleuchtungseinrichtung ein-
schlieflt, so dass die Inspektionsdaten Bilddaten
einschlielen, und wobei die Steuereinheit program-
miert ist, um die Bilddaten zu verarbeiten, um Ob-
jekte zu erkennen, die entlang der Strecke der Eisen-
bahnlinie vorhanden sind.

System (1000) zur Inspektion einer Eisenbahnlinie,
umfassend:

- ein Fahrzeug (1) nach einem der vorhergeh-
enden Ansprlche,

- eine Verarbeitungseinheit (1001), die sich in
einer stationaren Position, entfernt von dem
Fahrzeug (1) befindet und mit einer Benutzer-
schnittstelle (1002) ausgestattet ist, um es ei-
nem Benutzer zu ermdglichen, Steuerdaten
(1003) einzugeben,

wobei die Verarbeitungseinheit (1001) zum Empfan-
gen der Inspektionsdaten (201) von dem Fahrzeug
(1) und zum Senden der Steuerdaten (1003) an das
Fahrzeug (1) programmiert ist.

Verfahren zur Inspektion einer Strecke einer Eisen-
bahnlinie, umfassend die folgenden Schritte:

- Bereitstellen eines selbstfahrenden Fahrzeugs
(1), wobei das Fahrzeug (1) dazu ausgelegt ist,
sich auf den Gleisen der Eisenbahnlinie mittels
einer im Fahrzeug (1) eingeschlossenen Betati-
gungseinheit (91) zu bewegen, und mit Senso-
ren (2) zum Erfassen von Inspektionsdaten
(201) ausgestattet ist, die alle Hindernisse fiir
den Eisenbahnverkehr angeben, wobei das
Fahrzeug ferner eine Vielzahl von Walzelemen-
ten (9) umfasst, die mit einer Haltestruktur (10)
verbunden und dazu ausgelegt sind, mit den
Gleisen der Eisenbahnlinie in Kontakt zu kom-
men, um es dem Fahrzeug zu ermdglichen, sich
aufden Gleisen entlang eine Strecke der Eisen-
bahnlinie zu bewegen;

- Bewegen des Fahrzeugs (1) entlang der zu
inspizierenden Strecke der Eisenbahnlinie und
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Erfassen von Inspektionsdaten (201) in Bezug
auf die Strecke der Eisenbahnlinie;

- Verarbeiten von Inspektionsdaten (201) und
Erzeugen von Informationen Gber das Vorhan-
densein von Hindernissen fir den Eisenbahn-
verkehr entlang der inspizierten Strecke der Ei-
senbahnlinie;

- Betatigen eines jeden Walzelements (9) der
Vielzahl von Walzelementen mit einem jeweili-
gen Elektromotor (91) einer Vielzahl von Elekt-
romotoren (91) der Betatigungseinheit (91);

- Erfassen, flr ein jedes Walzelement (9) der
Vielzahl, von Bewegungsdaten (931), die eine
Winkelgeschwindigkeit des entsprechenden
Walzelements (9) darstellen, durch einen ent-
sprechenden Bewegungssensor (93);

- Steuern, durch eine Steuereinheit (3), der Be-
tatigungseinheit (91) als Reaktion auf die Bewe-
gungsdaten (931).

Revendications

Véhicule (1) d’'inspection d’'une ligne de chemin de
fer, comprenant :

- une structure de support (10) ;

- une carcasse (11), associée a la structure de
support (10) ;

- une pluralité d’éléments roulants (9), reliés ala
structure de support (10) et configurés pour
entrer en contact avec les voies de la ligne de
chemin de fer, de maniére a permettre au véhi-
cule de se déplacer sur les voies, le long d’'un
trongon de la ligne de chemin de fer ;

- un systéme d’inspection (2), incluant un ou
plusieurs capteurs (21, 22, 23, 24) et configuré
pour détecter des données d’inspection (201)
relatives au trongon de la ligne de chemin de fer
parcouru par le véhicule (1) ;

- une unité d’actionnement (91), associée a
ladite pluralité d’éléments roulants (9) pour
transmettre un couple d’entrainement, dans le-
quel I'unité d’actionnement (91) comprend une
pluralit¢ de moteurs électriques (91), chaque
moteur électrique (91) de ladite pluralité étant
associé a un élément roulant (9) correspondant
de ladite pluralité d’éléments roulants ;

- une unité de commande (3), reliée au systéme
d’inspection (2) pour recevoir les données d’ins-
pection (201) et programmée pour traiter les
données d’inspection (201), afin de déduire
des informations concernant la présence d’obs-
tacles a la circulation ferroviaire le long dudit
trongon de ligne de chemin de fer,

dans lequel 'unité de commande (3) est pro-
grammée pour commander I'unité d’actionne-
ment (91) en réponse aux données d’inspection
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(201),

caractérisé en ce que le véhicule comprend,
pour chaque élément roulant (9) de ladite plu-
ralité, un capteur de déplacement (93) corres-
pondant, configuré pour déterminer des don-
nées de déplacement (931) représentant une
vitesse angulaire de I'élément roulant (9) cor-
respondant, dans lequel I'unité de commande
(3) est configurée pour commander 'unité d’ac-
tionnement (91) en réponse aux données de
déplacement (931).

Véhicule (1) selon larevendication 1, comprenantun
accumulateur d’électricité (4).

Véhicule (1) selon la revendication 1 ou la revendi-
cation 2, dans lequel la carcasse (11) entoure, au
moins partiellement, un ou plusieurs des éléments
roulants (9) de la pluralité d’éléments roulants.

Véhicule (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel le véhicule s’étend le
long d’'un axe longitudinal (A) d’'une premiére extré-
mité (1A) a une seconde extrémité (1B) selon une
direction de déplacement (VA), et dans lequel la
carcasse (11) s’étend longitudinalement entre une
premiére extrémité longitudinale et une seconde
extrémité longitudinale, la carcasse (11) incluant
une paroi inférieure (112), orientée vers le sol, et
une paroi supérieure (111), opposée a la paroi infé-
rieure (112), dans lequel la paroi supérieure (111)
s’étend le long de I'axe longitudinal (A) jusqu’a une
extrémité orientée dans la direction du déplacement
vers I'avant du véhicule (1) qui est positionnée dans
une position avancée par rapport a I'extrémité cor-
respondante de la paroi inférieure (112).

Véhicule (1) selon la revendication 4, dans lequel la
carcasse (11) inclut une paroi arriere (114), qui relie
la paroi supérieure (111) a la paroi inférieure (112), et
dans lequel la paroi arriére (114) est perpendiculaire
a l'axe longitudinal (A).

Véhicule (1) selon la revendication 4 ou 5, dans
lequel la paroi inférieure (112) est lisse.

Véhicule (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel la structure de sup-
port (10) est une structure réticulaire, incluant une
pluralité d’éléments tubulaires (101) et une pluralité
de noeuds (102), chaque noeud (102) étant confi-
guré pour relier deux ou plusieurs éléments tubulai-
res (101).

Véhicule (1) selon la revendication 7, dans lequel la
structure de support (10) est une structure hyper-
statique et comprend une pluralité d’accouplements,
chaque accouplement incluant une charniére et
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étant logé dans un logement correspondant d’'un
noeud (102) et relié a un élément tubulaire (101)
de ladite pluralité.

Véhicule (1) selon 'une quelconque des revendica-
tions précédentes, dans lequel chaque élément rou-
lant (9) de ladite pluralité comprend une premiére
partie (97), en aluminium, et une deuxiéme partie
(98), en matiere plastique et configurée pour entrer
en contactaveclavoie delaligne de chemindefer, et
dans lequel la structure de support (10) est en car-
bone.

Véhicule (1) selon 'une quelconque des revendica-
tions précédentes, comprenant un différentiel, confi-
guré pour ajuster la rotation de chaque élément
roulant (9) de ladite pluralité d’éléments roulants.

Véhicule (1) selon I'une quelconque des revendica-
tions précédentes, dans lequel I'unité de commande
(3) inclut une mémoire de lecture et d’écriture conte-
nant des valeurs de référence pour un ou plusieurs
paramétres de commande, I'unité de commande (3)
étant programmée pour commander I'unité d’action-
nement (91) sur la base desdites valeurs de réfé-
rence, dans lequel I'un ou plusieurs des parametres
de commande sont choisis a partir de la liste sui-
vante :

- la vitesse de croisiere ;

- la vitesse maximale ;

- la distance en kilométres ;

- la distance maximale en kilométres ;

- la position géographique de départ ;

- la position géographique d’arrivée ;

- l'interruption ou non du parcours en cas de
présence d’un objet empéchant le véhicule d’'a-
vancer ;

- le nombre et le type de capteurs actifs entre
lesdits un ou plusieurs capteurs ;

-ladistance de détection desdits un ou plusieurs
capteurs.

Véhicule (1) selon 'une quelconque des revendica-
tions précédentes, dans lequel le systéme d’inspec-
tion (2) inclut une caméra vidéo et unilluminateur, de
sorte que les données d’inspection incluent des
données d’image, et dans lequel l'unité de
commande est programmée pour traiter les données
d’'image, afin de reconnaitre les objets présents le
long dudit trongon de ligne de chemin de fer.

Systéme (1000) d’inspection d’une ligne de chemin
de fer, comprenant :

- un véhicule (1) selon l'une quelconque des
revendications précédentes ;
- une unité de traitement (1001), située dans une
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position stationnaire, a distance du véhicule (1),
et équipée d'une interface utilisateur (1002),
pour permettre a un utilisateur d’entrer des don-
nées de commande (1003),

dans lequel I'unité de traitement (1001) est program-
mée pour recevoir les données d’inspection (201) du
véhicule (1) et pour envoyer au véhicule (1) les
données de commande (1003).

Procédé d’inspection d’un trongon de ligne de che-
min de fer, comprenant les étapes suivantes :

- préparer un véhicule automoteur (1), le véhi-
cule (1) étant configuré pour se déplacer sur les
voies de la ligne de chemin de fer au moyen
d’une unité d’actionnement (91) incluse dans le
véhicule (1), et étant équipé de capteurs (2) pour
détecter des données d’inspection (201) indi-
quant d’éventuels obstacles a la circulation fer-
roviaire, le véhicule comprenant de plus une
pluralité d’éléments roulants (9) reliés a une
structure de support (10) et configurés pour
entrer en contact avec les voies de la ligne de
chemin de fer, de maniére a permettre au véhi-
cule de se déplacer sur les voies, le long d’'un
trongon de la ligne de chemin de fer ;

- déplacer le véhicule (1) le long du trongon de
ligne de chemin de fer a inspecter et détecter les
données d’inspection (201) relatives audit tron-
con de ligne ;

- traiter les données d’inspection (201) et géné-
rer des informations concernant la présence
d’obstacles a la circulation ferroviaire le long
du trongon de ligne de chemin de fer inspectée ;
- actionner chaque élément roulant (9) de ladite
pluralité d’éléments roulants avec un moteur
électrique (91) respectif d’'une pluralité de mo-
teurs électriques (91) de l'unité d’actionnement
(91);

- détecter, pour chaque élément roulant (9) de
ladite pluralité, des données de déplacement
(931) représentant une vitesse angulaire de
I'élément roulant (9) correspondant, par l'inter-
médiaire d’'un capteur de déplacement (93) cor-
respondant ;

- commander, par l'intermédiaire d’'une unité de
commande (3), l'unité d’actionnement (91) en
réponse aux données de déplacement (931).
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