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Description

Technical Field

[0001] The object of the present invention is a system
and method for the video inspection of a pantograph
along an overhead contact line.
[0002] As is known, tractive railway vehicles that pick
up current from an overhead contact line usually employ
a device known as a "pantograph".

State of the Art

[0003] A pantograph is made up of an articulated sys-
tem, called a frame, mounted by means of insulators on
the roof of the carriage, and a head equipped with contact
strips located in direct contact with the wire or wires of
the electrical contact line. The contact strips consist of
bars made of a conductive material, for example copper,
steel, aluminium or carbon.
[0004] In this context, reference is made to Y-shaped
pantographs comprising two contact strips and two lat-
eral horns. However, the object of the invention is also
applicable to other models of pantographs.
[0005] The mechanical friction induced when sliding
along the contact line causes wear of the contact strips,
which, in turn, can cause damage to the locomotive
and/or to the electrical line overhead.
[0006] To monitor the state of wear of the contact strips
so that they can be repaired or replaced before the rail-
way line is damaged, inspection systems have been de-
veloped, including both manual and automatic systems,
for inspection of the state of wear of the pantographs.
[0007] For example, the solution disclosed in the Italian
patent No. 1401952 is part of this latter group, and it
concerns an automatic diagnostic system for images of
a pantograph captured by a plurality of cameras situated
in an equal number of image acquisition stations distrib-
uted along a railway line. The images acquired by each
camera are sent to a remote server that carries out suit-
able processing procedures and in the presence of dam-
age to the pantograph (e.g. missing or bent horns, mis-
alignment, etc.), it generates automatic alarm signals.
[0008] Although it is more reliable than the inspection
systems that incorporate optical fibres, the solution de-
scribed above is not without several problems of its own.
In particular, all systems that are based on the use of
only one video camera fail to obtain good measurements
of the thickness of the contact material on the entire area
of the contact strips or to identify and measure possible
cracks.
[0009] There are also systems available on the market
for reconstruction of a three-dimensional model of a pan-
tograph based on the use of video cameras of the laser-
scanner type.
[0010] Yet, in addition to being very costly, these sys-
tems require a complex infrastructure for installation. In
fact, to ensure reliable measurements, the video camer-

as have to be positioned above the moving pantograph.
Moreover, they have to be calibrated directly at the in-
stallation site. Not least, the reliability of the measure-
ments depends on the speed of the pantograph, which
can reach 300 km/h and higher.
[0011] For example, document EP 1766326 discloses
a solution of this type.
[0012] The document WO 2011/035983 discloses a
system for monitoring several structural elements,
among which the catenary and the contact strips of a
pantograph, based on the use of a plurality of video cam-
eras arranged on a portal above the pantograph.
[0013] In addition to the problems listed above, the dif-
ficulty involved in obtaining a complete model of the pan-
tograph, that is, regarding the contact strips and the lat-
eral horns, should also be noted.
[0014] In document JP 2015017921 a pair of stereo
video cameras are employed, which are located above
the overhead contact line, for acquiring images of the
contact strips.
[0015] Also document CN 104567729 discloses a sys-
tem for acquiring images of the catenary and of the con-
tact strips, which is located above the overhead contact
line.
[0016] The commercial system known as "Pancam"
discloses instead the use of two cameras, respectively
located on the side and above the overhead contact line.
[0017] Document US 2010/253329 discloses a panto-
graph video inspection system comprising one camera
located on a side post with the scope of monitoring the
equipment during the transit of the car bearing the pan-
tograph.
[0018] Leonard G. C. Hamey et al. in "Pancam: In-serv-
ice inspection of locomotive pantographs", Digital Image
Computing Techniques and Applications: DICTA 2007,
Proceedings, IEEE Computer Society, 3-5 December
2007, pages 493-499, discloses an inspection system
for in-service monitoring of wear and damage to panto-
graphs on electric locomotives.

Aim of the invention

[0019] In this context, the technical task underlying the
present invention is to offer a system and method for the
video inspection of a pantograph along an overhead con-
tact line which overcome the above-mentioned draw-
backs of the prior art.
[0020] In particular, an aim of the present invention is
to make available a system and method for the video
inspection of a pantograph along an overhead contact
line which make it possible to reconstruct a three-dimen-
sional model of the pantograph that is more reliable com-
pared to known solutions and that functions independ-
ently of the speed of the locomotive.
[0021] Another aim of the present invention is to offer
a system and method for the video inspection of a pan-
tograph along an overhead contact line which provide for
a complete reconstruction of the pantograph, that is, a
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reconstruction that includes the contact strips and the
lateral horns.
[0022] A further aim of the present invention is to offer
a system for the video inspection of a pantograph along
an overhead contact line, based on a simpler, safer and
more economical infrastructure compared to prior-art so-
lutions.
[0023] The defined technical task and the specified
aims are achieved by a system for the video inspection
of a pantograph along an overhead contact line, accord-
ing to claim 1, and by a method for the video inspection
of a pantograph along an overhead contact line according
to claim 6. Preferred embodiments are defined in the de-
pendent claims.

Brief description of the drawings

[0024] Further characteristics and advantages of the
present invention will become more apparent from the
description of a preferred embodiment of a system and
method for the video inspection of a pantograph along
an overhead contact line, as illustrated in the accompa-
nying drawings, of which:

- figure 1 is a schematic side view of a Y-shaped type
of pantograph, seen from above;

- figure 2 is a simplified block diagram of a video in-
spection system according to the present invention;

- figure 3 schematically illustrates part of the video in-
spection system of figure 2, applied to a double-track
line;

- figures 4 and 5 illustrate a part (first post) of the video
inspection system of figure 2, according to a different
embodiment, in a front and a side view, respectively;

- figure 6 illustrates the arrangement of the video cam-
eras and the telemeters of the video inspection sys-
tem of figure 2, in a variant embodiment;

- figure 7 illustrates some characteristic signals of the
variant embodiment of figure 6;

- figure 8 is a perspective view of a part (first post) of
the video inspection system of the figure 2, according
to an additional embodiment.

Detailed description of preferred embodiments of the 
invention

[0025] With reference to the figures, number 1 indi-
cates a system for the video inspection of a pantograph
100 along an overhead contact line, for example installed
on a locomotive.
[0026] In the embodiments described and illustrated
herein, the pantograph 100 is a Y-shaped pantograph
comprising two contact strips 101, 102 in contact with
the overhead line and two lateral horns 103, 104.
[0027] The system 1 comprises a plurality of monitor-
ing stations 2 that are distributed along the overhead con-
tact line.
[0028] Each monitoring station 2 comprises:

- detection means 3 for detecting passage of the pan-
tograph 100;

- a first illumination means 4 for illuminating a first
overhead zone in which a portion of the pantograph
100 passes;

- a first acquisition means 5 for acquiring images of
the first overhead zone.

[0029] Originally, the first acquisition means 5 for ac-
quiring images comprises at least one pair of stereo video
cameras 5a, 5b. Preferably, the two stereo video cam-
eras 5a, 5b are matrix video cameras and they have a
resolution of 2-20 Mpixels.
[0030] Each one of the stereo video cameras 5a, 5b
has a sensor of the CMOS type (acronym for "Comple-
mentary Metal Oxide Semiconductor") or CCD type (ac-
ronym for "Charge Coupled Device").
[0031] The detection means 3 for detecting passage
of the pantograph 100 comprises a laser telemeter 3 of
a known type.
[0032] The first illumination means 4 for illuminating
the first overhead zone is realized with LED technology.
[0033] The first illumination means 4 comprises a first
panel 6 that has a planar extension and bears a plurality
of LED sources 7.Preferably, each LED source 7 can be
oriented along two axes (in optics, this is known as
"pan/tilt" rotation).
[0034] In particular, the first panel 6 is situated at a pre-
established height with respect to the ground T and ori-
ented so as to emit a light beam that floods said first
overhead zone.
[0035] According to the invention, the portion of the
pantograph 100 that passes and is illuminated and ac-
quired in the first overhead zone of each monitoring sta-
tion 2 corresponds to the upper central portion (two con-
tact strips 101, 102) and to an end portion (one of the
horns 103, 104).
[0036] In each monitoring station 2, the first panel 6
and the pair of stereo video cameras 5a, 5b are arranged
and oriented in such a manner that the acquired images
of the corresponding first overhead zone are frames of
the two contact strips 101, 102 and one of the horns 103,
104 of the pantograph 100 in transit, seen from above.
[0037] Preferably, the two stereo video cameras 5a,
5b are positioned according to a horizontal baseline. As
is known, the term "baseline" indicates the distance be-
tween the optical axes of a pair of stereo video cameras.
In this case, the baseline is comprised between 10 and
50 cm.
[0038] More preferably, the detection means 3 for de-
tecting passage of the pantograph 100 comprises two
laser telemeters 3a, 3b of a known type arranged accord-
ing to a horizontal baseline at a pre-established distance
dtel from each other. The two laser telemeters 3a, 3b also
lie on the same horizontal axis as the two stereo video
cameras 5a, 5b and they are interposed between these
video cameras (see figure 6).
[0039] According to the invention, a first post 8 is lo-
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cated in each monitoring station 2 and it bears the laser
telemeters 3, the first panel 6 and the pair of stereo video
cameras 5a, 5b.
[0040] Each monitoring station 2 comprises a first local
or master processor 9a, which is configured to calculate
the disparity between the images acquired by each pair
of stereo video cameras 5a, 5b.
[0041] Preferably, the disparity is calculated using al-
gorithms of a known type.
[0042] Given that it is not possible to obtain a perfect
horizontal alignment of the pair of stereo video cameras
5a, 5b, the first local processor 9a is preferably also con-
figured to perform rectification of the acquired images.
In particular, rectification is carried out by means of
known algorithms. Lastly, given that the lenses of the
stereo video cameras 5a, 5b introduce distortions, the
first local processor 9a is preferably also configured to
perform distortion correction of the acquired images (this
too by means of known algorithms).
[0043] Preferably, a data storage module (unillustrat-
ed) is also present in each monitoring station 2.
[0044] Meteorological data such as air temperature
and wind direction and speed detected by a weather sta-
tion (of a known type) are among the significant data
stored in the storage module.
[0045] Moreover, it is possible to record data concern-
ing:

- diagnostics relating to the operation of the video
cameras, LED sources and batteries;

- position of the overhead contact line of the panto-
graph;

- direction of travel and speed of the railway vehicle;
- identification of the vehicle.

[0046] The system 1 further comprises a central proc-
essor 11 that communicates with the monitoring stations
2 by means of a cabled or wireless connection. Prefera-
bly, the central processor 11 is a remote server adapted
to receive data (among which the disparity map) from the
local master processors 9a of the monitoring stations 2,
which function as clients.
[0047] Each monitoring station 2 comprises:

- a second illumination means 14 for illuminating a
second overhead zone in which the remaining por-
tion of the pantograph 100 passes;

- an additional video camera 15 for acquiring images
of the second overhead zone.

[0048] Preferably, the additional video camera 15 is a
matrix video camera and it has a resolution of 2-16 Mpix-
els.
[0049] The second illumination means 14 for illuminat-
ing the second overhead zone is realized with LED tech-
nology.
[0050] The second illumination means 14 comprises a
second panel 16 that has a planar extension and bears

a plurality of LED sources 17. Preferably, each LED
source 17 can be oriented along two axes ("pan/tilt" ax-
es).
[0051] In particular, the second panel 16 is situated at
a pre-established height with respect to the ground T and
oriented so as to emit a light beam that floods the second
overhead zone.
[0052] According to the invention, the remaining por-
tion of the pantograph 100 that passes and is illuminated
and acquired in the second overhead zone corresponds
to the end portion that is not covered by the first overhead
zone (that is, the other one of the two horns 103, 104).
[0053] In each monitoring station 2, the second panel
16 and the additional video camera 15 are arranged and
oriented in such a manner that the acquired images of
the corresponding second overhead zone are frames not
yet acquired of the horn 103, 104 of the pantograph 100
in transit, seen from above.
[0054] According to the invention, a second post 18 is
located in each monitoring station 2 and it bears the sec-
ond panel 16, the additional video camera 15 and a sec-
ond local processor 9b that communicates with the first
local processor 9a. In particular, the first local processor
9a functions as the "master" and the second local proc-
essor 9b as the "slave". Communication between the two
local processors 9a, 9b is preferably wireless.
[0055] In particular, the first post 8 and the second post
18 are located on opposite sides with respect to the over-
head contact line.
[0056] The system for video inspection 1 described
thus far is adapted to monitor the pantograph 100 for a
single-track line.
[0057] In the case of a double-track line, the conditions
of two pantographs 100 must be monitored, one panto-
graph 100 being associated with the locomotive of the
outbound track Ba and one associated with the locomo-
tive of the inbound track Br.
[0058] The structure of the system 1 for a double-track
line is similar to that for a single-track line, with necessary
duplication of some elements.
[0059] In particular, each monitoring station 2 of the
outbound track Ba proves to be "distributed" on the first
post 8 and on the second post 18 as follows:

- the first post 8, which is located to the side of the
outbound track Ba, supports the laser telemeter 3
(or the two laser telemeters 3a, 3b), the first panel
6, the pair of stereo video cameras 5a, 5b and the
first local processor 9a;

- the second post 18, which is located to the side of
the inbound track Br, supports the second panel 16,
the additional video camera 15 and the second local
processor 9b.

[0060] In a similar manner, each monitoring station 2
of the inbound track Br is distributed on the same two
posts 8, 18, but with reversed functions. In fact, in this
case it is the second post 18 that bears the laser telemeter
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3 (or the two laser telemeters 3a, 3b), the first panel 6,
the pair of stereo video cameras 5a, 5b and the first local
processor 9a for the inbound track Br. The first post 8
instead bears the second panel 16, the additional video
camera 15 and the second local processor 9b.
[0061] Preferably, the first post 8 comprises a housing
box 19 for the pair of stereo video cameras 5a, 5b that
are operatively active on the pantograph 100 for the out-
bound track Ba and for the additional video camera 15
that is operatively active on the pantograph 100 for the
inbound track Br.
[0062] The laser telemeter 3 (or the two laser teleme-
ters 3a, 3b) that is operatively active on the pantograph
100 for the outbound track Ba is also arranged in this
housing box 19.
[0063] The second post 18 comprises a housing box
29 for the pair of stereo video cameras 5a, 5b that are
operatively active on the pantograph 100 for the inbound
track Br and for the additional video camera 15 that is
operatively active on the pantograph 100 for the out-
bound track Ba.
[0064] The laser telemeter 3 (or the two laser teleme-
ters 3a, 3b) that is operatively active on the pantograph
100 for the inbound track Br is also arranged in this hous-
ing box 29.
[0065] In each post 8, 18, the panels 6, 16 can be ar-
ranged at different heights (as in figure 3) or at the same
height (as in figures 4 and 5). In the case in which the
panels 6, 16 are at the same height, they are tilted at
different angles, with respect to the ground, (as shown
in figure 5) because they need to illuminate a first over-
head zone of passage of the pantograph for the nearest
track and a second overhead zone of passage of the
pantograph for the furthest track, respectively.
[0066] Instead of employing four panels, one (unillus-
trated) variant embodiment employs:

- only one panel on the first post 8, said panel com-
prising several LED sources that can be oriented so
as to illuminate the first overhead zone in which the
upper and external end portion of the pantograph
100 associated with the outbound track Ba passes,
and several LED sources that can be oriented so as
to illuminate the second overhead zone in which an
internal end portion of the pantograph 100 associat-
ed with the inbound track Br passes;

- only one panel on the second post 18, said panel
comprising several LED sources that can be oriented
so as to illuminate the first overhead zone in which
the upper and external end portion of the pantograph
100 associated with the inbound track Br passes,
and several LED sources that can be oriented so as
to illuminate the second overhead zone in which the
internal end portion of the pantograph 100 associat-
ed with the outbound track Ba passes.

[0067] Preferably, the installation of the various com-
ponents (housing boxes 19, 29, panels 6, 16, etc.) on the

posts 8, 18 is possible owing to a supporting structure
20 slidingly mounted on each post 8, 18 by means of a
pulley mechanism. In this manner, installation and main-
tenance procedures are made easier.
[0068] For example, an installation of this type, with an
additional illumination panel 26, is shown in figure 8.
[0069] The wireless communication module 13 and the
local processors 9a, 9b are instead preferably located at
the base of each post 8, 18 to facilitate access to them.
[0070] Alternative embodiments provide for the use of
supporting structures differing from the posts 8, 18, but
in any case, preferably located to the side of the tracks
Ba, Br.
[0071] The method for the video inspection of a pan-
tograph along an overhead contact line is described here-
in below.
[0072] For the sake of simplicity, reference is made
here to a single-track line on which a locomotive with the
relative pantograph 100 passes.
[0073] In each monitoring station 2, the laser telemeter
3 positioned on the first post 8 detects the passage of
the pantograph 100 and generates an activation signal
S1 for a control unit 12 controlling the LED sources 7 of
the first panel 6 so as to activate these sources 7 and
thus illuminate the first overhead zone.
[0074] The control unit 12 controlling the LED sources
7, in turn, sends a synchronization signal S2 to the pair
of stereo video cameras 5a, 5b (previously calibrated ac-
cording to known techniques), which acquire images of
the first overhead zone.
[0075] In particular, the acquired images are of the con-
tact strips 101, 102 and the external horn 103 (the one
closest to the first post 8) of the pantograph 100 in transit,
seen from above.
[0076] The first local processor 9a calculates the dis-
parity between the images acquired and sends it to the
central processor 11.
[0077] The synchronization signal S2 is also sent to
the LED sources 17 of the second panel 16 and to the
additional video camera 15, all of which are situated on
the second post 18. In other words, the first panel 6 per-
forms the function of the "master", and the second panel
16 performs the function of the "slave". In a variant em-
bodiment, the function of the "master" is performed di-
rectly by the pair of stereo video cameras 5a, 5b. The
synchronization signal S2 is sent from the first post 8 to
the second post 18 by means of a wireless communica-
tion module 13 located on the first post 8. In a variant
embodiment, the communication module 13 is incorpo-
rated in the first panel 6. In response to the synchroniza-
tion signal S2, the LED sources 17 of the second panel
16 switch on and the additional video camera 15 acquires
images of the second overhead zone. In particular, the
acquired images are of the internal horn 104 (the one
closest to the second post 18) of the pantograph 100 in
transit, seen from above.
[0078] These images are also sent to the central proc-
essor 11, which is configured to reconstruct the three-
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dimensional model of the pantograph 100.
[0079] The central processor 11 is further configured
to compare the reconstructed model of the pantograph
100 for each monitoring station 2 with an ideal model of
the pantograph 100 so as to obtain information on the
state of wear of the pantograph 100.
[0080] Moreover, the stereoscopic view from the two
video cameras 5a, 5b makes it possible to take absolute
spatial measurements and not only relative measure-
ments.
[0081] Therefore, the central processor 11 is config-
ured to process the reconstructed model and to obtain
dimensions of possible cracks, areas affected by wear,
etc., without the need for comparison with the ideal mod-
el.
[0082] Preferably, for each monitoring station 2, the
first overhead zone to be illuminated is selected so as to
include a slice of the overhead contact line as well. In
this manner, information concerning the position of this
slice during passage of the pantograph 100 is obtained
from the disparity calculation performed by the local proc-
essor 9a.
[0083] Preferably, the central processor 11 is also con-
figured to compare the position of the slice of the over-
head contact line during passage of the pantograph 100
and the position of this slice in the absence of the pan-
tograph 100, that is, at rest.
[0084] The embodiment that employs two laser telem-
eters 3a, 3b interposed between the stereo video cam-
eras 5a, 5b makes it possible to detect the passage of
the pantograph 100 and to calculate the speed thereof
(and therefore also the speed of the train).
[0085] In particular, in each monitoring station 2, one
of the two telemeters - which we shall call the "first te-
lemeter 3a" - positioned on the first post 8 is the first to
detect the passage of the pantograph 100 and it gener-
ates a first trigger signal TGR1. The other telemeter -
which we shall call the "second telemeter 3b" - positioned
on the same post 8 detects the passage of the panto-
graph 100 subsequently, generating a second trigger sig-
nal TGR2 which is delayed with respect to the first trigger
signal TGR1. The pre-established distance dtel between
the two telemeters 3a, 3b is known (this is a design con-
straint) and the time delay Δttel between the first and the
second trigger signals TGR1, TGR2 is measurable.
Therefore, the speed V of the pantograph 100 (and of
the train) can be obtained using the following relation: 

[0086] Having calculated the speed V of the panto-
graph 100, the activation signal S1 for activating the LED
sources 7 is then generated and the video cameras 5a,
5b are synchronized as explained hereinabove. The ad-
vantage of using the two telemeters 3a, 3b lies in the fact
that knowing of the speed V of the pantograph 100 makes
it possible to calculate the exact instant in which the ac-

tivation signal for activating the LED sources 7 and video
cameras 5a, 5b should be generated, so that the portions
of the pantograph 100 acquired in the first overhead zone
always fall within the same area of the image, regardless
of the model of the pantograph 100. The characteristics
of a system and method for the video inspection of a
pantograph along an overhead contact line, according to
the present invention, prove to be clear from the descrip-
tion provided, as do the advantages thereof.
[0087] In particular, the use of a pair of stereo video
cameras for each monitoring station makes it possible to
reconstruct a very precise three-dimensional model of
the pantograph, which is not compromised by the speed
of the locomotive (which can reach a speed of up to 300
km/h for example).
[0088] By comparing the three-dimensional model
thus reconstructed with the ideal model of the panto-
graph, it is therefore possible to obtain reliable informa-
tion concerning the actual conditions of the pantograph
(areas affected by wear, cracks, chipping, defects, etc.)
and thus plan maintenance or replacement procedures.
[0089] Moreover, the use of an additional video camera
makes it possible to complete the reconstructed model
of the pantograph owing to the acquisition of images of
the furthermost horn.
[0090] The proposed method also enables monitoring
of the pressure of the pantograph on the overhead line
(wire), thus avoiding the use of additional instruments on
board the line.
[0091] Furthermore, unlike the solutions that employ
sensors of the "laser-scanner" type, which require place-
ment on frames above the tracks, in this case the pair of
stereo video cameras and the LED sources can be po-
sitioned in safer sites alongside the line.
[0092] For example, they can be positioned on posts
or other lateral supports without affecting the quality of
the acquired images.
[0093] Furthermore, infrastructures already existing
along the railway lines can be used, with obvious advan-
tages in terms of the space occupied, efficiency and
costs.
[0094] This also makes it possible to simplify installa-
tion and maintenance of the video inspection system.
[0095] Moreover, the same supporting infrastructure
can be used for the system applied to single-track lines
and for the system applied to double-track lines.
[0096] The use of LED illumination technology satisfies
the needs relating to duration and reliability for these
types of systems. In addition, the redundancy of the LED
sources provides for continuity of use of the system even
in the case of failure of some sources.

Claims

1. System for the video inspection (1) of a pantograph
(100) comprising contact strips (101, 102) at the up-
per central portion and horns (103, 104) at the end
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portions along an overhead contact line in a railway
track, comprising:

a plurality of monitoring stations (2), each of
which comprises:

- detection means (3) for detecting passage
of the pantograph (100) comprising at least
one laser telemeter;
- a first illumination means (4) for illuminat-
ing a first overhead zone in which a portion
of the pantograph (100) passes, said first
illumination means (4) comprising a first
panel (6) that has a planar extension and
bears a plurality of LED sources (7);
- at least one pair of stereo video cameras
(5a, 5b) for acquiring images of said first
overhead zone;
- a first local processor (9a) configured to
calculate the disparity between the images
acquired by each pair of stereo video cam-
eras (5a, 5b);
- a second illumination means (14) for illu-
minating a second overhead zone in which
the remaining portion of the pantograph
(100) passes, said second illumination
means (14) comprising a second panel (16)
that has a planar extension and bears a plu-
rality of LED sources (17);
- an additional video camera (15) for acqui-
sition of images of said second overhead
zone;
- a first and a second supporting structures
(8, 18) situated to the side of the track and
on opposite sides with respect to said over-
head contact line,

wherein the first supporting structure (8) bears
said laser telemeter (3),
said first panel (6) and said stereo video cam-
eras (5a, 5b), while the second supporting struc-
ture (18) bears said second panel (16) and said
additional video camera (15), said stereo video
cameras (5a, 5b) and said first panel (6) being
arranged and oriented in such a manner that the
acquired images of the first overhead zone are
frames of the upper central portion and an end
portion of the pantograph (100) seen from above
in transit, said additional video camera (15) be-
ing arranged and oriented in such a manner that
the images acquired from the corresponding
second overhead zone are frames of the remain-
ing end portion of the pantograph (100) seen
from above in transit;
a central processor (11) communicating with the
monitoring stations (2) by means of a cabled or
wireless connection, said central processor (11)
being configured to receive the computation of

the disparity from the first local processor (9a)
of each monitoring station (2) and the images
acquired from the additional video camera (15),
to reconstruct the three-dimensional model of
the pantograph (100) and to compare said re-
constructed model with an ideal model of the
pantograph (100) so as to obtain information on
the state of wear of the pantograph (100) itself.

2. System for video inspection (1) according to claim
1, wherein said stereo video cameras (5a, 5b) are
arranged according to a horizontal baseline.

3. System for video inspection (1) according to claim
2, wherein said detection means (3) for detecting
passage of the pantograph comprises two laser te-
lemeters (3a, 3b) interposed between said stereo
video cameras (5a, 5b) and arranged according to
the same horizontal baseline.

4. System for video inspection (1) according to claims
1 to 3, wherein said first panel (6) is situated at a pre-
established height with respect to the ground (T) and
is oriented so as to emit a light beam that floods said
first overhead zone.

5. System for video inspection (1) according to claim
1, wherein said second panel (16) is situated at a
pre-established height with respect to the ground (T)
and is oriented so as to emit a light beam that floods
said second overhead zone.

6. Method for the video inspection of a pantograph
(100) comprising contact strips (101, 102) at the up-
per central portion and horns (103, 104) at the end
portions along an overhead contact line in a railway
track using the system for video inspection (1) ac-
cording to any of the preceding claims, comprising
the steps of:

detecting the passage of the pantograph (100)
in a plurality of monitoring stations (2);
in each monitoring station (2), in response to the
detection of the passage of the pantograph
(100), illuminating a first overhead zone in which
a portion of the pantograph (100) passes and
illuminating a second overhead zone in which
the remaining portion of the pantograph (100)
passes;
in each monitoring station (2), during the step of
illuminating the first overhead zone, acquiring
images of said first overhead zone by means of
said pair of stereo video cameras (5a, 5b) and
during the step of illuminating the second over-
head zone, acquiring images of said second
overhead zone by means of said additional vid-
eo camera (15);
calculating the disparity between the images ac-
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quired for the first overhead zone in each mon-
itoring station (2);
reconstructing the three-dimensional model of
the pantograph (100) starting from the disparity
computed for each monitoring station (2) and
from the images acquired by said additional vid-
eo camera (15);
comparing said reconstructed three-dimension-
al model with an ideal model of the pantograph
(100), so as to obtain information on the state
of wear of the pantograph (100).

Patentansprüche

1. System zur Videoinspektion (1) eines Stromabneh-
mers (100), umfassend Kontaktstreifen (101, 102)
am oberen Mittelabschnitt und Hörner (103, 104) an
den Endabschnitten entlang einer Freileitung in ei-
ner Eisenbahnstrecke, umfassend:

eine Vielzahl an Überwachungsstationen (2),
von denen eine jede umfasst:

- Erfassungssmittel (3) zum Erfassen des
Durchgangs des Stromabnehmers (100),
der mindestens einen Lasertelemeter um-
fasst;
- erste Beleuchtungsmittel (4) zum Beleuch-
ten einer ersten oberseitigen Zone, in der
ein Abschnitt des Stromabnehmers (100)
durchläuft, wobei die ersten Beleuchtungs-
mittel (4) eine erste Platte (6) umfassen, die
eine planare Ausdehnung aufweist und eine
Vielzahl an LED-Quellen (7) trägt;
- mindestens ein Paar Stereovideokameras
(5a, 5b) zum Aufnehmen von Bildern der
ersten oberseitigen Zone;
- einen ersten lokalen Prozessor (9a), der
konfiguriert ist, um die Disparität zwischen
den von jedem Paar von Stereovideokame-
ras (5a, 5b) aufgenommenen Bildern zu be-
rechnen;
- zweite Beleuchtungsmittel (14) zum Be-
leuchten einer zweiten oberseitigen Zone,
in der der verbleibende Abschnitt des
Stromabnehmers (100) durchläuft, wobei
die zweiten Beleuchtungsmittel (14) eine
zweite Platte (16) umfassen, die eine pla-
nare Ausdehnung aufweist und eine Viel-
zahl an LED-Quellen (17) trägt;
- eine zusätzliche Videokamera (15) zum
Aufnehmen von Bildern der zweiten ober-
seitigen Zone;
- eine erste und eine zweite tragende Struk-
tur (8, 18), die an der Seite der Schiene und
auf gegenüberliegenden Seiten in Bezug
auf die Freileitung angeordnet sind, wobei

die erste tragende Struktur (8) den Lasert-
elemeter (3), die erste Platte (6) und die Ste-
reovideokameras (5a, 5b) trägt, während
die zweite tragende Struktur (18) die zweite
Platte (16) und die zusätzliche Videokame-
ra trägt (15), wobei die Stereovideokameras
(5a, 5b) und die erste Platte (6) so angeord-
net und ausgerichtet sind, dass die aufge-
nommen Bilder der ersten oberseitigen Zo-
ne Rahmen des oberen Mittelabschnitts
und eines Endabschnitts des Stromabneh-
mers (100), von oben während des Trans-
ports gesehen, sind, wobei die zusätzliche
Videokamera (15) so angeordnet und aus-
gerichtet ist, dass die von der entsprechen-
den zweiten oberseitigen Zone aufgenom-
menen Bilder Rahmen des verbleibenden
Endabschnitts des Stromabnehmers (100),
von oben während des Transports gese-
hen, sind;

einen Zentralprozessor (11), der über eine ver-
kabelte oder drahtlose Verbindung mit den
Überwachungsstationen (2) kommuniziert, wo-
bei der Zentralprozessor (11) konfiguriert ist, um
die Berechnung der Disparität von dem ersten
lokalen Prozessor (9a) jeder Überwachungssta-
tion (2) und die von der zusätzlichen Videoka-
mera (15) aufgenommenen Bilder zu empfan-
gen, um das dreidimensionale Modell des
Stromabnehmers (100) zu rekonstruieren und
um das rekonstruierte Modell mit einem idealen
Modell des Stromabnehmers (100) zu verglei-
chen, um Informationen über den Verschleißzu-
stand des Stromabnehmers (100) selbst zu er-
halten.

2. System zur Videoinspektion (1) nach Anspruch 1,
wobei die Stereovideokameras (5a, 5b) gemäß einer
horizontalen Grundlinie angeordnet sind.

3. System zur Videoinspektion (1) nach Anspruch 2,
wobei die Erfassungsmittel (3) zum Erfassen des
Durchgangs des Stromabnehmers zwei Lasertele-
meter (3a, 3b) umfassen, die zwischen den Stereo-
videokameras (5a, 5b) angeordnet sind und gemäß
der gleichen horizontalen Grundlinie angeordnet
sind.

4. System zur Videoinspektion (1) nach den Ansprü-
chen 1 bis 3, wobei die erste Platte (6) in einer vor-
bestimmten Höhe in Bezug auf den Boden (T) an-
geordnet ist und so ausgerichtet ist, dass sie einen
Lichtstrahl aussendet, der diese erste oberseitige
Zone überflutet.

5. System zur Videoinspektion (1) nach Anspruch 1,
wobei die zweite Platte (16) in einer vorbestimmten
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Höhe in Bezug auf den Boden (T) angeordnet ist und
so ausgerichtet ist, dass sie einen Lichtstrahl aus-
sendet, der diese zweite oberseitige Zone überflutet.

6. Verfahren zur Videoinspektion eines Stromabneh-
mers (100), umfassend Kontaktstreifen (101, 102)
am oberen Mittelabschnitt und Hörner (103, 104) an
den Endabschnitten entlang einer Freileitung in ei-
ner Eisenbahnstrecke unter Verwendung des Sys-
tems zur Videoinspektion (1) gemäß einem der vor-
hergehenden Ansprüche, umfassend die Schritte
von:

Erfassen des Durchgangs des Stromabneh-
mers (100) in einer Vielzahl an Überwachungs-
stationen (2);
in jeder Überwachungsstation (2) als Reaktion
auf die Erfassung des Durchgangs des Strom-
abnehmers (100), Beleuchten einer ersten ober-
seitigen Zone, in der ein Abschnitt des Strom-
abnehmers (100) durchläuft, und Beleuchten ei-
ner zweiten oberseitigen Zone, in der der ver-
bleibende Abschnitt vom Stromabnehmer (100)
durchläuft;
in jeder Überwachungsstation (2) während des
Schritts zum Beleuchten der ersten oberseitigen
Zone, Aufnehmen von Bildern der ersten ober-
seitigen Zone mittels des Paares von Stereovi-
deokameras (5a, 5b) und während des Schritts
zum Beleuchten der zweiten oberseitigen Zone,
Aufnehmen von Bildern der zweiten oberseiti-
gen Zone mittels der zusätzlichen Videokamera
(15);
Berechnen der Disparität zwischen den Bildern,
die für die erste oberseitige Zone in jeder Über-
wachungsstation (2) aufgenommen wurden;
Rekonstruieren des dreidimensionalen Modells
des Stromabnehmers (100) ausgehend von der
für jede Überwachungsstation (2) berechneten
Disparität und von den von der zusätzlichen Vi-
deokamera (15) aufgenommenen Bildern;
Vergleichen des rekonstruierten dreidimensio-
nalen Modells mit einem idealen Modell des
Stromabnehmers (100), um Informationen über
den Verschleißzustand des Stromabnehmers
(100) zu erhalten.

Revendications

1. Système pour l’inspection vidéo (1) d’un pantogra-
phe (100) comprenant des bandes de contact (101,
102) en correspondance de la partie centrale supé-
rieure et des cornes (103, 104) en correspondance
des parties d’extrémité le long d’une caténaire dans
une voie ferrée, comprenant :

une pluralité de postes de surveillance (2), cha-

cun d’entre eux comprenant :

- des moyens de détection (3) pour détecter
le passage du pantographe (100) compre-
nant au moins un télémètre laser ;
- un premier moyen d’éclairage (4) servant
à éclairer une première zone aérienne dans
laquelle passe une partie du pantographe
(100), ledit premier moyen d’éclairage (4)
comprenant un premier panneau (6) com-
portant une extension plane et supportant
une pluralité de sources LED (7) ;
- au moins une paire de caméras vidéo sté-
réo (5a, 5b) pour acquérir des images de
ladite première zone aérienne ;
- un premier processeur local (9a) configuré
pour calculer la disparité entre les images
acquises par chaque paire de caméras vi-
déo stéréo (5a, 5b) ;
- un second moyen d’éclairage (14) servant
à éclairer une seconde zone aérienne dans
laquelle passe la partie restante du panto-
graphe (100), ledit second moyen d’éclai-
rage (14) comprenant un second panneau
(16) comportant une extension plane et
supportant une pluralité de sources LED
(17) ;
- une caméra vidéo (15) supplémentaire
servant à acquérir des images de ladite se-
conde zone aérienne ;
- une première et une seconde structure de
support (8, 18) situées sur le côté de la voie
et sur des côtés opposés par rapport à ladite
caténaire, dans lequel la première structure
de support (8) supporte ledit télémètre laser
(3), ledit premier panneau (6) et lesdites ca-
méras vidéo stéréo (5a, 5b), tandis que la
seconde structure de support (18) supporte
ledit second panneau (16) et ladite caméra
vidéo (15) supplémentaire, lesdites camé-
ras vidéo stéréo (5a, 5b) et ledit premier
panneau (6) étant disposés et orientés de
telle manière que les images acquises de
la première zone aérienne sont des trames
de la partie centrale supérieure et d’une par-
tie d’extrémité du pantographe (100) vue de
haut en transit, ladite caméra vidéo (15)
supplémentaire étant disposée et orientée
de telle manière que les images acquises
de la seconde zone aérienne correspon-
dante sont des trames de la partie d’extré-
mité restante du pantographe (100) vue de
haut en transit ;

un processeur central (11) communiquant avec
les postes de surveillance (2) au moyen d’une
connexion câblée ou sans fil, ledit processeur
central (11) étant configuré pour recevoir le cal-
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cul de la disparité provenant du premier proces-
seur local (9a) de chaque poste de surveillance
(2) et les images acquises par la caméra vidéo
(15) supplémentaire, pour reconstruire le modè-
le tridimensionnel du pantographe (100) et pour
comparer ledit modèle reconstruit avec un mo-
dèle idéal du pantographe (100) de sorte à ob-
tenir des informations sur l’état d’usure du pan-
tographe (100) lui-même.

2. Système pour l’inspection vidéo (1) selon la reven-
dication 1, dans lequel lesdites caméras vidéo stéréo
(5a, 5b) sont disposées selon une ligne de base ho-
rizontale.

3. Système pour l’inspection vidéo (1) selon la reven-
dication 2, dans lequel lesdits moyens de détection
(3) servant à détecter le passage du pantographe
comprennent deux télémètres laser (3a, 3b) interpo-
sés entre lesdites caméras vidéo stéréo (5a, 5b) et
disposés selon la même ligne de base horizontale.

4. Système pour l’inspection vidéo (1) selon les reven-
dications 1 à 3, dans lequel ledit premier panneau
(6) est situé à une hauteur préétablie par rapport au
sol (T) et est orienté de sorte à émettre un faisceau
lumineux qui inonde ladite première zone aérienne.

5. Système pour l’inspection vidéo (1) selon la reven-
dication 1, dans lequel ledit second panneau (16)
est situé à une hauteur préétablie par rapport au sol
(T) et est orienté de sorte à émettre un faisceau lu-
mineux qui inonde ladite seconde zone aérienne.

6. Procédé pour l’inspection vidéo d’un pantographe
(100) comprenant des bandes de contact (101, 102)
en correspondance de la partie centrale supérieure
et des cornes (103, 104) en correspondance des par-
ties d’extrémité le long d’une caténaire dans une voie
ferrée en utilisant le système pour l’inspection vidéo
(1) selon l’une quelconque des revendications pré-
cédentes, comprenant les étapes de :

détecter le passage du pantographe (100) dans
une pluralité de postes de surveillance (2) ;
dans chaque poste de surveillance (2), en ré-
ponse à la détection du passage du pantogra-
phe (100), éclairer une première zone aérienne
dans laquelle passe une partie du pantographe
(100) et éclairer une seconde zone aérienne
dans laquelle passe la partie restante du panto-
graphe (100) ;
dans chaque poste de surveillance (2), pendant
l’étape d’éclairage de la première zone aérien-
ne, acquérir des images de ladite première zone
aérienne au moyen de ladite paire de caméras
vidéo stéréo (5a, 5b) et pendant l’étape d’éclai-
rage de la seconde zone aérienne, acquérir des

images de ladite seconde zone aérienne au
moyen de ladite caméra vidéo (15)
supplémentaire ;
calculer la disparité entre les images acquises
pour la première zone aérienne dans chaque
poste de surveillance (2) ;
reconstruire le modèle tridimensionnel du pan-
tographe (100) en commençant par la disparité
calculée pour chaque station de surveillance (2)
et à partir des images acquises par ladite camé-
ra vidéo (15) supplémentaire ;
comparer ledit modèle tridimensionnel recons-
titué avec un modèle idéal du pantographe
(100), de sorte à obtenir des informations sur
l’état d’usure du pantographe (100) .

17 18 



EP 3 295 158 B1

11



EP 3 295 158 B1

12



EP 3 295 158 B1

13



EP 3 295 158 B1

14



EP 3 295 158 B1

15



EP 3 295 158 B1

16



EP 3 295 158 B1

17



EP 3 295 158 B1

18

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• IT 1401952 [0007]
• EP 1766326 A [0011]
• WO 2011035983 A [0012]

• JP 2015017921 A [0014]
• CN 104567729 [0015]
• US 2010253329 A [0017]

Non-patent literature cited in the description

• LEONARD G. C. HAMEY et al. Pancam: In-service
inspection of locomotive pantographs. Digital Image
Computing Techniques and Applications: DICTA
2007, Proceedings, IEEE Computer Society, 03 De-
cember 2007, 493-499 [0018]


	bibliography
	description
	claims
	drawings
	cited references

