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(54) RAIL INSPECTION SYSTEM AND METHOD

(57) The present invention concerns an automatic
rail inspection system and method for automatically in-
specting a rail (21) of a railway system, detecting, locating
and classifying rail defects, the automatic rail inspection
system (1) comprising:
- a rail defect detection system (10) for automatically de-
tecting a rail defect, said rail defect detection system (10)
outputting measurement data related to its inspection of
the rail (21);
- a processing unit (11) configured for analyzing the
measurement data in order to automatically determine
for each detected defect a defect characteristic;
- a defect classification module (12) configured for clas-
sifying the detected defects in a list in function of the
determined defect characteristics, wherein the classifi-
cation of the detected defects automatically defines a
repair order for the detected defects.
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Description

[0001] The present invention concerns a system and
a method for automatically inspecting a rail of a track
along which a guided vehicle may travel.
[0002] The present invention is in particular directed
to the automatic detection of rail defects at points along
a rail over which guided vehicles may travel. A "Guided
vehicle" according to the present invention refers to any
rail transport means running on at least one rail support-
ing a wheel of said guided vehicle, said rail transport
means being for instance public transport means like
subways, trains or train units, etc., as well as load trans-
porting means such as, for example, overhead traveling
cranes, freight trains, for which safety is a very important
factor and for which rail defects may affect said safety
and cause accidents. By defects it has to be understood
any local deterioration of the mechanical properties of a
rail that may result from its manufacturing, and/or from
its installation/handling, and/or from its interaction with
wheels of guided vehicles running on said rail which typ-
ically lead to structural degradation of the rail, and/or from
its interaction with the natural environment surrounding
the rail (e.g. corrosion due to seaside location of a rail).
The rail is an essential element of the railway that expe-
riences large and repetitive stresses and strains which
may cause rail failures. Usual inspection of rails is thus
an important task in order to keep the railway system as
safe as possible, in order to avoid for instance derailment
of guided vehicles.
[0003] Nowadays, inspection systems typically equip
manned guided vehicles that travel at low speed over the
rail to be inspected, said inspection system allowing an
operator located on-board the manned guided vehicle to
detect and locate a rail defect or failure, which has then
to be hand verified immediately by a maintenance team.
[0004] An objective of the present invention is to pro-
pose a method and system for improving the inspection
and maintenance of rails of a railway system, notably by
providing a more efficient management of the detected
rail defects.
[0005] This objective is solved by the measures taken
in accordance with the independent claims. Further ad-
vantageous embodiments are proposed by the depend-
ent claims.
[0006] According to an aspect of the invention, an au-
tomatic rail inspection system (hereafter ARIS) is pro-
posed for automatically inspecting a rail system, carrying
out for instance a detection and localization of rail defects
of said rail system. Preferentially, ARIS is an autonomous
robot capable of autonomously moving on a rail track
while inspecting each rail over which it is running. Ac-
cording to the present invention, ARIS is further config-
ured for automatically classifying the detected defects in
a list of detected defects, and for updating said list at
each new defect that is detected. According to the
present invention, each newly detected defect is thus
classified in said list comprising previously detected de-

fects, wherein said list establishes in particular a ranking
among all detected defects, said ranking representing
the order according to which the detected defects have
to be repaired. Said list and any update of said list might
be transmitted in real time to a remote module of the
ARIS, said remote module being configured for providing
a maintenance team with a display of said list of detected
defect and for updating said list in real time in function of
each new detected defect according to the list update,
wherein the first element of said list indicates to the main-
tenance team the first defect to be repaired and the fol-
lowing subsequent elements of the list represent the next
defects to be repaired in the order in which they have to
be repaired. According to the present invention, the ARIS
is able to classify the defects to be repaired according to
an order that optimizes the efficiency of the reparations
of said defects by the maintenance team, improving
therefore the safety of the rail system.
[0007] According to another aspect of the present in-
vention, a method for inspecting a rail of a track is pro-
posed. Said method comprises notably the following
steps:

- using an automatic, and preferentially autonomous,
rail inspection system for detecting and locating de-
fects of a rail of a track for guided vehicles;

- automatically classifying the detected defects in a
list of detected defects and updating said list at each
new detected defects;

- remotely displaying said list and any update of said
list to a maintenance team, wherein the first element
of said list indicates to the maintenance team the
first defect to be repaired and the following subse-
quent elements of the list represent the next defects
to be repaired in the order in which they have to be
repaired so as to ensure safety of the rail and effi-
ciency of the reparations.

[0008] Further aspects of the present invention will be
better understood through the following drawing:

Figure 1 schematic representation of an automatic
rail inspection system according to the inven-
tion.

[0009] Figure 1 shows a preferred embodiment of an
ARIS 1 according to the invention configured for inspect-
ing rails of a rail system. A rail 21 has a well-defined
structure comprising typically a foot 212, a web 213 and
a head 214 that serves as running surface 214 for wheels
of guided vehicles. Said ARIS 1 may be installed on-
board such a guided vehicle, inspecting in this case the
rail 21 during the moving of the guided vehicle over said
rail 21, or may be a completely autonomous system,
which is autonomously moving over a rail 21 and config-
ured for inspecting the latter. For instance, Figure 1 de-
picts a preferred embodiment of the invention wherein
the ARIS 1 is a robot that is configured for autonomously
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moving on rails 21 of a track 2.
[0010] The ARIS 1 comprises in particular the following
features:

- a rail defect detection system 10 using preferentially
a non-destructive testing technique for detecting and
characterizing a defect of the rail and a position de-
termination technique for determining a location of
the detected defect within the rail system. The rail
defect detection system is further configured for out-
putting measurement data that are data resulting
from the inspection of the rail when applying said
non-destructive techniques to the rail, i.e. data out-
putted from devices used for inspecting the rail by
means of said non-destructive techniques. Of
course, the rail defect detection system 10 might be
able to inspect each rail of the track by using the
above-mentioned techniques;

- the processing unit 11 receiving measurement data
from the rail defect detection system and configured
for processing said measurement data in order to
determine for each detected defect at least the fol-
lowing defect characteristics: a physical size of each
detected defect, a position of the detected defect with
respect to the rail structure, and a location of the
detected rail defect within the rail system, which may
comprise an indication regarding which rail of the
track comprises said detected defect;

- a defect classification module 12 designed for col-
lecting defect characteristics of each detected defect
and classifying the detected defects in a list of de-
fects to be repaired and for providing said list to a
maintenance team, said defect classification module
being installed either on-board the vehicle carrying
the rail defect detection system 10 and moving on
the rail to be inspected, for instance on-board the
robot shown in Fig. 1, or remotely from the vehicle
carrying the rail defect detection system 10, for in-
stance at a remote control center. Preferentially, the
defect classification module comprises a communi-
cation device 13 and is further configured for trans-
mitting said list to a maintenance team by means of
said communication device 13;

- optionally, the ARIS 1 according to the invention
comprises another communication device 14, nota-
bly if the defect classification module 12 is installed
remotely compared to the vehicle carrying the rail
defect detection system 10 and moving on the rail
to be inspected, said another communication device
being configured in particular for providing the defect
classification module of the ARIS 1 with said defect
characteristics for each detected defect.

[0011] The rail defect detection system 10 comprises
one or several devices for detecting a defect of the rail
by using one or several non-destructive testing tech-
niques. Non-destructive techniques used for testing and
inspecting a rail are known by the skilled man and might

be found in the literature. We cite hereafter few examples
of devices that are commonly used for inspecting a rail
and that might equip the rail defect detection system.
Said devices are for instance:

- one or several cameras configured for capturing im-
ages of the rail while the vehicle carrying the ARIS
is moving along said rail. In this case, the measure-
ment data are the images captured by each camera
and the processing unit 11 is configured for analyzing
the images acquired by each camera in order to de-
termine if the rail comprises defects, such as damage
surface, missing components, rail break, cracks,
wear, deformation, etc.;

- one or several ultrasonic transducers comprising a
transmitter for transmitting ultrasonic waves to the
rail surface and a receiver for sensing the response
of the rail to the ultrasonic waves, wherein the meas-
urement data are in this case the sensed response.
The transmitter and the receiver might be a same
device working in a pulse-echo mode or two separate
devices placed at different locations on the rail sur-
face. The ultrasonic transducer allows to detect sub-
surface defects, i.e. internal defects such as cracks
and discontinuities;

- one or several electromagnetic acoustic transducers
configured for inducing radio frequency eddy cur-
rents in a part of the rail while said part is submitted
at the same time to a strong magnetic field, and a
receiver for sensing the ultrasonic waves resulting
in the rail from the electromagnetic excitation, the
measurement data being in this case a function of
the sensed ultrasonic waves;

- one or several pulsed lasers for generating ultrasonic
waves in the rail coupled to an optical receiver con-
figured for detecting ultrasound after its propagation
in the rail, the measurement data being in this case
a function of the detected ultrasound.

[0012] Since non-destructive techniques for inspecting
a rail are well known by the skilled man, no further ex-
planations are needed here. According to the present
invention, several non-destructive techniques might be
combined in order to improve the characterization of the
defects, so that for each defect, a physical size and po-
sition within the rail might be determined by the process-
ing unit 11 from the measurement data. Preferentially,
the rail defect detection system 10 comprises two sets
of devices using non-destructive techniques for inspect-
ing a rail, a first set for inspecting one of the pair of rails
21 on which the vehicle carrying the ARIS is moving, and
a second set for inspecting the other rail of said pair of
rails 21, the first set and the second set being preferen-
tially identical and both connected to the processing unit
11 for providing said measurement data for each rail of
the pair of rails 21.
[0013] According to the present invention, the rail de-
fect detection system 10 further comprises a position de-
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termination device for determining the location of each
detected defect with respect to the railway system. Said
position determination device is for instance capable of
determining the geographic coordinates of each defect
or a distance separating the defect from a reference point
on the railway system, so that easy retrieval of the loca-
tion on the rail where the defect was detected is enabled.
The position determination device might comprise for in-
stance a Global Positioning System capable of providing
the geographic coordinates of each detected defect,
and/or an odometer for measuring the distance separat-
ing the location of the defect from a reference point of
the railway system. Optionally, the position determination
device is able to further use a marker for indicating the
position of the detected defect, said marker being for in-
stance directly put on the rail or in its surrounding envi-
ronment so that the defect can easily be found by a main-
tenance team from the marker position, said marker be-
ing for instance a specific painting on the rail or its sur-
rounding environment that is for instance specifically con-
figured for being detected by a camera system of a ve-
hicle used by the maintenance team for repairing the de-
fect rails. The position determination device is thus able
to measure a position of the defect compared to the rail-
way system and the measured position data are included
in the measurement data provided to the processing unit
11 by the rail defect detection system 10.
[0014] The processing unit 11 according to the inven-
tion comprises for instance one or several processors
and memories. The processing unit 11 is configured for
processing the measurement data provided by the rail
defect detection system 10 in order to characterize each
detected defect by a physical size, a position within the
rail structure and a location with respect to the railway
system. Preferentially, the processing unit 11 is config-
ured for determining a length, a width and a height for
each detected defect, wherein said length, width and
height correspond preferentially to the smallest length,
width and height of a parallelepiped including the detect-
ed defect. In case of 1-dimension or 2-dimensions de-
fects, the width and/or height of the parallelepiped are
for instance zero. Preferentially, the defect characteristic
called "physical size" is then the maximal value among
the determined length, width and height of the detected
defect. Optionally or alternatively, the processing unit 11
is configured for determining the volume of the parallel-
epiped and/or the area of the biggest surface of the par-
allelepiped, and providing said volume and/or area as
additional defect characteristics for said "physical size"
defect characteristic. The physical size characteristic
might be thus the maximum length of a defect, an area
occupied by a defect (for instance said biggest surface
of the parallelepiped), a volume (for instance the volume
of said parallelepiped) occupied by a defect, said physical
size being obtained by analyzing the measurement data
provided by the devices using the non-destructive tech-
niques for inspecting the rail, for instance from images
taken by the cameras or an output signal provided by a

transducer. Additionally, the processing unit 11 is further
configured for determining the position of the detected
defect within the rail structure from said measurement
data. For this purpose, the processing unit 11 is config-
ured for analyzing the measurement data in order to de-
termine if the rail defect is located for instance:

- on and/or within the head 211 of the rail; and/or
- on and/or within the foot 212 of the rail; and/or
- on and/or within the web 213 of the rail.

[0015] From the measurement data, the processing
unit 11 is preferentially further capable of refining the de-
termined position of a rail defect with respect to the rail
structure by determining if it is located

- on the running surface 214 of the rail; and/or
- on and/or within the gauge corner region 215; and/or
- on and/or within the field corner region 216.

[0016] Of course, further refinements might be possi-
ble according to the present invention.
[0017] Preferentially, the processing unit 11 is able to
digitize each image captured by each camera of the rail
defect detection system 10 for transforming said cap-
tured image into a format that can be used for defect
detection. The processing unit 11 is configured for de-
tecting if a defect is comprised in the image acquired by
the camera. For this purpose, the processing unit 11 uses
in particular an object recognition algorithm. Preferably,
the processing unit 11 uses said object recognition algo-
rithm for identifying a presence or absence of rail external
defect in each image captured by each camera. In par-
ticular, the rail defect detection system may comprise
several cameras, each pointing to the rail according to a
different angle of view so as to enable a virtual 3-dimen-
sional reconstruction of the rail that may serve for the
calculation of the previously mentioned parallelepiped.
In particular, the recognition algorithm uses geometric
recognition techniques applied to each image or to a part
of each image (for example only to the part comprising
the rail, wherein the recognition algorithm is capable of
recognizing said rail and/or parts of said rail in each im-
age) for identifying defects on said rail. The object rec-
ognition algorithm preferentially uses automatic learning
techniques such as boosting for identifying objects like
the rail and its defects in the images taken by the camera.
Techniques such as boosting for identifying objects in
images are well known by the skilled man and do not
need further explanations.
[0018] The processing unit 11 according to the inven-
tion is in particular wired or wirelessly connected to the
defect classification module 12 in order to provide the
latter with the determined defect characteristics, which
are at least said physical size, said position within the rail
structure and said location within the railway system. The
defect classification module 12 is in charge of establish-
ing a repair order of the detected defects for one or sev-
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eral maintenance teams. For this purpose, the defect
classification module 12 may comprise one or several
processors and a memory for analyzing the defect char-
acteristics in order to establish a classification of the de-
tected defects. The defect classification module 12 is in
particular capable of defining an order according to which
the detected defects have to be repaired in order to op-
timize the efficiency of the repairs by each maintenance
team and ensure the safety of the railway system. For
this purpose, the defect classification module is notably
configured for classifying the detected defects in one or
several lists wherein each defect appears only in one of
said lists, and in each list, the defects are classified ac-
cording to classification criteria based on the previously
determined defect characteristics so that a repair order
for the defects is automatically determined within each
list, the defect classification module being further config-
ured for dispatching the lists to the maintenance teams
so that each maintenance team receives one list that has
been specifically created for said maintenance team by
the defect classification module 12. Each list is in partic-
ular updated in real time in function of newly detected
defects.
[0019] For this purpose and in particular, the defect
classification module 12 is configured for associating
weightings to each characteristic of the detected defects
and summing the obtained weightings for each detected
defect, said detected defects being then classified in a
list by the defect classification module 12 according to
the obtained sum, for instance the detected defect com-
prising the highest sum value ranking first in the list and
other detected defects comprising smallest sum values
being ordered according to decreasing sum values in
said list. The weighting according to the invention is a
coefficient that is associated to each defect characteris-
tics. For instance, a weighting of 10 is associated to a
detected 10cm crack and a weighting of 5 is associated
to a detected 5cm crack. Optionally, said list, called here-
after original list, might be split into a number of other
lists, called hereafter secondary lists, corresponding to
the number of maintenance teams available for repairing
the defects, the original list being split in secondary lists
in function of the location of each detected defect, so that
each secondary list comprises only detected defects
within an area of the railway system that is covered by a
maintenance team. In other words, each secondary list
lists the detected defects comprised in an area of the
railway system that is under maintenance of a mainte-
nance team that is authorized to repair defects in said
area, and is therefore specifically created for said main-
tenance team. Preferentially, the ARIS 1 according to the
invention might comprise different rail detection systems
10 and processing units 11 installed in different vehicles,
each processing unit 11 providing the defect classifica-
tion module 12 with defect characteristics, said defect
classification module 12 centralizing the information
about defect characteristics of each detected defect and
dispatching in real time lists of repair of said detected

defects to each of the maintenance teams, wherein each
of said list (secondary list) is specifically created for each
team in function of the location of the detected defect and
its importance.
[0020] According to the present invention, the impor-
tance of a defect, and therefore a list might be determined
as follows. Preferentially, the defect classification module
12 is configured for associating:

- a weighting W1 to the value S_G of a physical size
of a detected defect, said value S_G being the great-
est value determined for said physical size among
all values S_i of said physical size determined for all
other detected defects;

- a weighting Wi to each other value S_i of said phys-
ical size determined for the other detected defects
wherein the weighting Wi is defined as follows: Wi=
S_i/S_G·W1;

- a weighting P1 to the position characteristic of the
detected defect if the latter is a surface defect, a
weighting P2 if it is an internal defect, a weighting
P3 if the defect belongs to the rail head 214, a weight-
ing P4 if it belongs to the rail web 213, a weighting
P5 if it belongs to the rail foot 212;

- a weighting Li to the location Xi of the detected defect
within the railway system wherein the weighting Li
is a function of the number Ni of guided vehicles mov-
ing over the rail at said location Xi in function of time
(e.g. per month or weeks), wherein the greater said
number Ni is, the greater the value of the weighting
Li.

[0021] Weightings associated to defect characteris-
tics, preferentially each weighting associated to a defect
characteristic, like the weightings W1, P1-P5, L1 are pref-
erentially preregistered or predefined in a database of
the defect classification module 12. The value S_G is for
instance obtained by the defect classification module by
comparing values of the physical size of the detected
defects. Values for Ni might be stored in said database
for locations Xi within the railway network. Said weight-
ings might be determined by simulation of safety risks
associated to said defect characteristics, or entered by
a user having experience in rail maintenance, and/or up-
dated in function of tests and experiences.
[0022] Typical values for the weightings are for in-
stance as follows:

20<W1<60, with W1 = 50 as preferred value;
If the defect is not a surface defect, then preferentially
P1 = 0, otherwise 1<P1<10, with P1 = 5 as preferred
value;
If the defect is not an internal defect, then preferen-
tially P2 = 0, otherwise 3<P2<15, with P2 = 8 as
preferred value;
If the defect does not belong to the rail head, then
preferentially P3 = 0, otherwise 5<P3<20, with P3 =
12 as preferred value;
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If the defect does not belong to the rail web, then
preferentially P4 = 0, otherwise 5<P4<20, with P4=
12 as preferred value;
If the defect does not belong to the rail foot, then
preferentially P5 = 0, otherwise 3<P5<15, with P5=7
as preferred value;
1<Li<L1, wherein L1, with 10<L1<50, with preferen-
tially L1=40, is the weighting associated to the loca-
tion X1 that has the highest number NH of guided
vehicles moving over the rail at said location X1 dur-
ing a period of time T within the railway network, and
Li=Ni/NH·L1, wherein Ni is said number of guided
vehicle moving over the rail at said location Xi during
said period of time T.

[0023] An example of automatic classification of de-
tected defects from the weightings associated to the de-
fect characteristics of the detected defects is provided at
the end of the present description of the invention.
[0024] According to the present invention, the defect
classification module 12 is preferentially configured for
summing the obtained weightings for the characteristics
of each detected defects and classifying the detected
defects from the one having obtained the greatest score
or value in said summation, to the one having obtained
the smallest score or value. Then the defect classification
module 12 may send said list to a maintenance team, or,
if there are several maintenance teams, split said list into
secondary lists wherein said splitting is performed ac-
cording to the location of each detected defects so that
each secondary list comprises defects within a rail sys-
tem area for which the maintenance team receiving said
secondary list is responsible for. For this purpose, the
database of the defect classification module 12 is con-
figured for defining for each maintenance team a specific
area of the railway system, the defect classification mod-
ule being then configured for determining from the loca-
tion of the detected defect to which area of the railway
system said detected defect belongs to, and therefore to
which maintenance team it corresponds, so as to be able
to create said secondary lists.
[0025] According to the present invention, each detect-
ed defect of each list might then be displayed on a map
of the railway system using a color coding for the ranking
of the detected defects in the list, said map being for
instance build by the defect detection module 12 and
provided to the maintenance team.
[0026] As already explained, the ARIS 1 according to
the invention might be installed on-board a guided vehi-
cle, like a train, or might be itself an autonomously moving
vehicle specifically designed for the inspection, like the
robot shown in Fig. 1. In any case, at least the rail defect
detection system 10 and the processing unit 11 are in-
stalled on-board a vehicle configured for moving over the
rail to be inspected. If the ARIS is a robot as shown in
Fig. 1, then the ARIS 1 is itself said vehicle configured
for moving over the rail to be inspecting and further com-
prises a frame or body 3 in, or on, which is installed at

least the rail defect detection system 10 configured for
inspecting the rails 21 of the track 2, the processing unit
11, and said another communication device 14 for com-
municating with the communication device 13 of the de-
fect classification module 12. The ARIS 1 according to
the invention preferentially further comprises moving
means like a motor driving wheels 4, said moving means
cooperating with automatic and autonomous detection
means, like a radar system and/or a LIDAR system and/or
a camera system, for enabling an autonomous, inde-
pendent, and safe moving of the body 3 along the track
comprising the rails 21. For instance, the ARIS 1 may
comprise control means for controlling said moving
means in function of detected obstacle, railway beacons,
signals, trackside device information, or any other col-
lected and/or received information regarding track avail-
ability for a safe moving of the robot. The ARIS 1 is thus
preferentially a driverless system that does not require
to be driven or controlled by an operator. For instance,
the processing unit 11 according to the invention might
be configured, in addition to its tasks related to the in-
spection of each rail, for autonomously driving the ARIS
1 along the track by controlling the moving means, by
communicating with trackside devices and/or a control
center and/or other guided vehicles, by capturing infor-
mation from the surrounding of the robot using for in-
stance camera systems and/or radars. Of course, it might
be possible for an operator to remotely take the lead and
drive and control the ARIS 1 according to the invention
if needed.
[0027] The ARIS 1 system may comprise a connection
to a power source and/or a power source for its powering,
for instance for powering the moving means and/or the
rail inspection system 10, and/or the processing unit 11,
and/or the communication device 14 and/or the defect
classification module 12 if installed within the robot. The
motor of said moving means is in particular configured
for converting the power of the power source into me-
chanical energy capable of moving the body 3, and there-
fore the autonomous ARIS 1 over the rails 21. Preferen-
tially, the motor converts the power of the power source,
e.g. electric power, into a mechanical energy that makes
a shaft rotating, and wherein the rotation of said shaft
drives at least one wheel 4 into rotation, wherein each
wheel 4 supporting the body 3 moves over the rails 21
which serve as support for the ARIS 1.
[0028] To summarize, the present invention proposes
a system and a method for automatically inspecting a rail
in order to detect defects of said rail and creating at least
one list of detected defects wherein said defects are clas-
sified according to an order according to which they have
to be repaired in order to optimize the efficiency of a main-
tenance team and ensuring the safety of a railway sys-
tem.

Example of classification of detected defects:

[0029] In the following, an example of a classification
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of detected defects by the ARIS is provided. According
to the present invention, weightings automatically asso-
ciated to characteristics of the detected defects by the
ARIS are preferentially used for determining a ranking
among the detected defects. The present example illus-
trates a classification of three defects detected by the
ARIS using the weighting method.
[0030] Let’s consider a railway network with a highest
number NH = 15 trains per hour moving over a location
X1 of track of said railway network. A defect detected at
said location X1 would be associated to a weighting L1
= 40. NH represents the highest cadency of the trains for
said railway network. For this railway network, we will
suppose that the ARIS will detect 3 defects, respectively
a first defect, a second defect and a third defect, and
classify said detected defects using weightings associ-
ated to the characteristics determined for each of the
detected defects as follows:

The processing unit 11 of the ARIS is configured for
determining the characteristics of the detected de-
fects from the measurement data. The obtained
characteristics are for instance as follows:

First defect: a defect with maximum extension
of 25 cm on the surface of the rail head, at a
location of the railway network wherein 2 trains
per hour are moving.

Second defect: a defect with maximum exten-
sion of 15 cm on the surface of the rail head and
2 cm inside the rail head, at a location of the
railway network wherein 4 trains per hour are
moving.

Third defect: a defect with maximum extension
of 5 cm from the surface of the rail web further
extending inside the rail foot, cracks inside the
web rail extending to the rail foot, the defect be-
ing located at a location wherein 10 trains per
hour are moving.

[0031] Then, the defect classification module 12 is
preferentially configured for using weightings in order to
classify the detected defects. For this purpose a weight-
ing will be associated to each detected defect character-
istic by the defect classification module 12. In particular,
the defect classification module is configured for com-
paring the defect characteristics in order to determine
the value S_G. The weightings obtained by the defect
classification module might be as follows:

First defect:

[0032]

- the first defect measures 25 cm. It is the greatest
value among the lengths measured for the three de-

tected defects. This means that S_G = 25 cm. Ac-
cordingly, the weighting associated to the length of
the first defect is W1 = 50;

- it is a surface defect. This characteristic is for in-
stance associated to a weighting P1 = 5;

- it is a rail head defect. This defect characteristic is
for instance associated to a weighting P3 = 12;

- it is located at a location Li where 2 trains per hour
are moving, i.e. Ni = 2. The calculation of the weight-
ing Li associated to this location is given by Li =
Ni/NH·L1, i.e. Li = 2/15·40 = 5.33.

[0033] The defect classification module automatically
calculates the sum of the weightings for the first defect,
which gives 50+5+12+5.33 = 72.33.

Second defect:

[0034]

- the second defect measures Si = 15 cm. The weight-
ing Wi associated to its length is automatically cal-
culated by the defect classification module according
to: Wi= S_i/S_G·W1= 15/25·50=30.

- it is a surface defect: P1 = 5.
- it is also an internal defect: P2 = 8
- it is a rail head defect: P3 = 12;
- it is located at a location where 4 trains per hour are

moving: Li = Ni/NH·L1 = 4/15·40 = 10.66.

[0035] The defect classification module automatically
calculates the sum of the weightings for the second de-
fect, which gives 30+5+8+12+10.66 = 65.66.

Third defect:

[0036]

- its length is Si = 10 cm, which gives rise to the cal-
culation of the following value for Wi by the defect
classification module: Wi = 20.

- it is a surface defect: P1 = 5.
- it is also an internal defect: P2 = 8.
- it belongs to the web: P4 = 12.
- it belongs also to the foot: P5 = 7.
- it is located at a location where 10 trains per hour

are moving: Li = 10/15·40 = 26.66

[0037] The defect classification module automatically
calculates the sum of the weightings for the third defect,
which gives: 78.66.
[0038] Finally, the defect classification module auto-
matically rank the detected defects according to their
weightings in order to determine the order of repair of
said detected defects, giving rise to the following list of
detected defects and order of repair:

1. Third defect
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2.First defect
3. Second defect

[0039] Of course, the present invention is not limited
to a classification of 3 detected defects, but is able to
classify a higher number of detected defects. Addition-
ally, the values provided for the weightings might be
adapted by the skilled man in order to rank differently the
detected defects according to the present invention.

Claims

1. Automatic Rail Inspection System - hereafter ARIS
- (1) for automatically inspecting a rail (21) of a rail-
way system, detecting, locating and classifying rail
defects, the ARIS (1) comprising:

- a rail defect detection system (10) for automat-
ically detecting a rail defect, said rail defect de-
tection system (10) outputting measurement da-
ta related to its inspection of the rail (21);
- a processing unit (11) configured for analyzing
the measurement data in order to automatically
determine for each detected defect a defect
characteristic;
- a defect classification module (12) configured
for classifying the detected defect in a list of de-
tected defects in function of the determined de-
fect characteristic, wherein the classification of
the detected defects in said list is configured for
defining a repair order for the detected defects.

2. ARIS (1) according to claim 1, wherein at least the
following defect characteristics are automatically de-
termined: a physical size of the detected defect, a
position of the detected defect with respect to a rail
structure, and a location of the detected defect with
respect to the railway system.

3. ARIS (1) according to claim 2, wherein one or several
of the following physical size characteristics of the
detected defect are determined by the processing
unit:

- a maximum length of the detected defect;
- an area occupied by the detected defect;
- a volume occupied by the detected defect.

4. ARIS (1) according to claim 2 or 3, wherein the po-
sition defect characteristic is designed for defining if
the detected defect is located:

- on and/or within the head 211 of the rail; and/or
- on and/or within the foot 212 of the rail; and/or
- on and/or within the web 213 of the rail.

5. ARIS (1) according to one of the claims 1-4, wherein

the defect classification module (12) comprises a da-
tabase, wherein weightings for the defect character-
istics are stored and used for said classification.

6. ARIS (1) according to claim 5, wherein the defect
classification module (12) is configured for associat-
ing a weighting to each defect characteristic and
ranking the detected defect in said list according to
the value of the sum of the weightings obtained for
the characteristics characterizing the detected de-
fect.

7. ARIS (1) according to claim 5 or 6, wherein each
weighting is predetermined in the database or cal-
culated by the defect classification module (12).

8. ARIS (1) according to one of the claims 1 to 7, where-
in the defect classification module (12) is configured
for automatically updating in real time the list each
time a new defect is detected and sending said list
and any update of the list to a communication device
of a maintenance team.

9. ARIS (1) according to one of the claims 1 to 8, where-
in the defect classification module (12) is configured
for splitting said list in secondary lists in function of
a location of the detected defect within the railway
system, wherein the number of secondary lists
equals a number of available maintenance teams,
wherein each secondary list only comprises detect-
ed defects whose respective locations are within a
set of locations for which one of said maintenance
team is responsible for.

10. ARIS (1) according to one of the claims 1 to 9, where-
in the rail defect detection system (10) and the
processing unit (11) are installed on-board a guided
vehicle and the defect classification module (12) is
located at a remote position compared to said guided
vehicle.

11. ARIS (1) according to claim 10 wherein said guided
vehicle is an autonomous mobile robot.

12. ARIS (1) according to one of the claims 1 to 11,
wherein the defect classification module (12) com-
prises a communication device (13) for exchanging
data with another communication device (14) con-
nected to the processing unit (11) or another com-
munication device equipping a vehicle of a mainte-
nance team.

13. Method for automatically inspecting a rail (21) of a
railway system, detecting, locating and classifying
rail defects, the method comprising:

- using an automatic rail inspection system -
hereafter ARIS - (1) for detecting and locating
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defects of the rail (21) of a track (2) of said railway
system for guided vehicles;
- determining for each detected defect a defect
characteristic;
- automatically classifying the detected defect in
a list of detected defects in function of the de-
termined defect characteristic.

14. Method according to claim 13, comprising updating
in real time said list at each new detected defect and
automatically transmitting in real time said list and
any new update of the list to a maintenance team.

15. Method according to claim 13 or 14, comprising as-
sociating a weighting to each characteristic of each
detected defect and summing for each detected de-
fect the weightings associated to its characteristics
in order to classify the detected defect in said list
according to the value of the obtained sum.
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