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Description

FIELD

[0001] Embodiments of the subject matter disclosed
herein relate to examining routes traveled by vehicles
and/or assets disposed alongside the routes.

BACKGROUND

[0002] EP 0 953 491 A1 discloses monitoring imper-
fections in rails wherein a monitoring unit monitors ge-
ometry and wear parameters and the monitored data is
compared with nominal or specification values of the pa-
rameters and the monitored data is associated with data
relating to tolerances of the nominal values.
[0003] Routes that are traveled by vehicles may be-
come damaged over time with extended use. For exam-
ple, tracks on which rail vehicles travel may become mis-
aligned due to shifting of underlying ballast material, side-
to-side rocking of the rail vehicles, and the like. The tracks
may slightly bend or otherwise move out of the original
alignment of the tracks. This misalignment can include
warping of the tracks that causes the distance between
the rails of the track (i.e., the gauge) to change. Alterna-
tively, this distance may remain the same (e.g., both
tracks bend the same or similar amounts). This can pose
threats to the safety of the rail vehicles, the passengers
located thereon, and nearby persons and property. For
example, the risks of derailment of the rail vehicles can
increase when the tracks become misaligned.
[0004] Some known systems and methods that inspect
the tracks involve emitting visible markers on the tracks
and optically monitoring these markers to determine if
the tracks have become misaligned. These visible mark-
ers may be created using laser light, for example. But,
these systems and methods can require additional hard-
ware in the form of a light emitting apparatus, such as a
laser light source. This additional hardware increases the
cost and complexity of the systems, and can require spe-
cialized rail vehicles that are not used for the conveyance
of passengers or cargo. Additionally, these systems and
methods typically require the rail vehicle to slowly travel
over the tracks so that the visible markers can be exam-
ined.
[0005] Some rail vehicles include collision avoidance
systems that seek to warn operators of the rail vehicles
of foreign objects on the tracks ahead of the rail vehicles.
These systems, however, may only include a camera
that provides a video feed to an onboard operator. This
operator manually inspects the video for any foreign ob-
jects and responds accordingly when a foreign object is
identified by the operator. These types of systems are
prone to human error.
[0006] Rail vehicles or other types of vehicles can op-
erate according to automated safety systems that stop
or slow down operations of the vehicles in certain loca-
tions. These systems may rely on databases that asso-

ciate different locations of routes being traveled upon by
the vehicles with different speed limits. If the vehicles
travel in excess of these limits, then the systems may
communicate signals to the vehicles that slow or stop the
vehicles. Some known systems rely on human operators
to generate and/or update the databases, which can be
prone to error. As a result, the systems may not have
correct information, which can permit vehicles to travel
in excess of the limits in some locations. This can pose
a significant safety risk.
[0007] These and other types of safety systems may
include crossing systems that warn and/or block concur-
rent crossings of vehicles through an intersection be-
tween routes. For example, rail vehicle can travel on
tracks that cross routes being traveled by other vehicles,
such as automobiles. The safety systems can include
gates, signals, or the like, at intersections between the
tracks and the routes being traveled by the automobiles.
Some of these systems may be unable to determine
when the gates, signals, or the like, are not performing
properly to stop or warn the other vehicles of an ap-
proaching rail vehicle at a crossing in certain situation,
such as during power outages.

BRIEF DESCRIPTION

[0008] The present invention is defined in the accom-
panying claims.
[0009] In an embodiment, a route examination system
includes one or more image analysis processors config-
ured to be disposed onboard a first vehicle as the first
vehicle moves along a first route. The one or more image
analysis processors also are configured to obtain image
data of a field of view of a camera disposed onboard the
first vehicle and to autonomously examine the image data
onboard the first vehicle to identify a segment of the track
as having one or more damaged rails based on trends
in the gauge distances of the track. In another embodi-
ment, a method for examining a route includes examining
image data of a track having plural rails. The image data
can be obtained from a camera onboard a vehicle moving
along the track. The method also includes determining
gauge distances of the track based at least in part on the
image data, and identifying a segment of the track as
having one or more damaged rails based on trends in
the gauge distances of the track.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Reference is made to the accompanying draw-
ings in which particular embodiments and further benefits
of the invention are illustrated as described in more detail
in the description below, in which:

Figure 1 is a schematic illustration of an optical route
examination system in accordance with one embod-
iment;
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Figures 2A and 2B illustrate one example of a cam-
era-obtained image of a segment of the route shown
in Figure 1;

Figures 3A and 3B illustrate another example of the
image of the route shown in Figure 1;

Figure 4 illustrates another example of a benchmark
visual profile;

Figures 5A and 5B illustrate a visual mapping dia-
gram of the image shown in Figures 2A and 2B and
the benchmark visual profile shown in Figures 3A
and 3B according to one embodiment;

Figure 6 is a schematic diagram of an intersection
between two or more routes according to one em-
bodiment;

Figure 7 illustrates a flowchart of a method for ex-
amining a route from a vehicle as the vehicle is mov-
ing along the route;

Figure 8 is an overlay representation of three images
acquired by one or more of the cameras shown in
Figure 1 and overlaid on each other according to one
embodiment;

Figure 9 illustrates a flowchart of a method for ex-
amining a route from a vehicle as the vehicle is mov-
ing along the route;

Figure 10 illustrates a camera-obtained image with
benchmark visual profiles of the route according to
one embodiment;

Figure 11 illustrates another camera-obtained image
with benchmark visual profiles of the route according
to one embodiment;

Figure 12 illustrates one example of gauge distances
determined by an image analysis processor;

Figure 13 illustrates another example of gauge dis-
tances determined by the image analysis processor
shown in Figure 1;

Figure 14 illustrates another example of gauge dis-
tances determined by the image analysis processor
shown in Figure 1;

Figure 15 (comprising parts 15A and 15B) illustrates
a flowchart of a method for identifying damage to a
route according to one embodiment;

Figure 16 is a schematic illustration of an optical
route examination system in accordance with anoth-
er embodiment;

Figure 17 illustrates image data obtained by the route
examination system shown in Figure 16 according
to one example;

Figure 18 schematically illustrates examination of a
sign shown in image data of Figure 17 and a memory
structure created based at least in part on the exam-
ination of the sign according to one embodiment;

Figure 19 illustrates a flowchart of a method for iden-
tifying information shown on signs from image data
according to one embodiment;

Figure 20 illustrates image data representative of a
crossing according to one example; and

Figure 21 illustrates a flowchart of a method for ex-
amining wayside assets using image data according
to one embodiment.

DETAILED DESCRIPTION

[0011] Embodiments of route examination systems
and methods of operation are disclosed herein. The sys-
tems can be disposed onboard vehicles traveling along
routes. During movement along the routes, cameras on-
board the vehicles can obtain or generate image data of
the routes and/or areas around the routes. This image
data can be examined, onboard the vehicle, in order to
identify features of interest and/or designated objects.
By way of example, the features of interest can include
gauge distances between two or more portions of the
route. With respect to rail vehicles, the features of interest
that are identified from the image data includes gauge
distances between rails of the route.
The designated objects can include wayside assets, such
as safety equipment, signs, signals, switches, inspection
equipment, or the like. The image data is inspected au-
tomatically by the route examination systems to deter-
mine changes in the features of interest, designated ob-
jects that are missing, designated objects that are dam-
aged or malfunctioning, and/or to determine locations of
the designated objects. This automatic inspection may
be performed without operator intervention. Alternatively,
the automatic inspection may be performed with the aid
and/or at the request of an operator.
[0012] One or more embodiments described herein in-
clude systems and methods for detecting damage to
routes traveled by vehicles. The systems and methods
can use analysis of images of the routes that are collected
from cameras onboard the vehicles to detect damage to
the routes. The systems and methods can detect mis-
alignment of track traveled by rail vehicles. The systems
and methods can use analysis of images of the track that
are collected from a camera on the rail vehicle to detect
this misalignment. Based on the detected misalignment,
an operator of the rail vehicle can be alerted so that the
operator can implement one or more responsive actions,
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such as by slowing down and/or stopping the rail vehicle.
While the description herein focuses on rail vehicles and
tracks having rails, one or more embodiments may apply
to vehicles other than rail vehicles, such as other off-
highway vehicles (e.g., vehicles that are not designed or
permitted for travel on public roadways), automobiles, or
the like. Additionally, one or more embodiments may ap-
ply to track having a different number of rails or routes
other than tracks for rail vehicles, such as roads.
[0013] The images of the route can be captured from
a camera mounted on a vehicle, such as a locomotive.
The camera can be oriented toward (e.g., pointing to-
ward) the track in the direction of motion of the rail vehicle.
The camera can periodically (or otherwise) capture im-
ages of the track that are analyzed for misalignment. If
the track is misaligned, the track can cause derailment
of the rail vehicle. Some of the systems and methods
described herein detect track misalignment in advance
(e.g., before the rail vehicle reaches the misaligned track)
and prevent derailment by warning the operator of the
rail vehicle. Optionally, in an unmanned rail vehicle (e.g.,
one that operates automatically), the systems and meth-
ods may automatically slow or stop movement of the rail
vehicle in response to identifying misaligned tracks.
[0014] Additionally or alternatively, when the mis-
aligned section of the track is identified, one or more other
responsive actions may be initiated. For example, a
warning signal may be communicated (e.g., transmitted
or broadcast) to one or more other rail vehicles to warn
the other vehicles of the misalignment, a warning signal
may be communicated to one or more wayside devices
disposed at or near the track so that the wayside devices
can communicate the warning signals to one or more
other rail vehicles systems, a warning signal can be com-
municated to an off-board facility that can arrange for the
repair and/or further examination of the misaligned seg-
ment of the track, or the like.
[0015] The track may be misaligned when the track is
not in the same location as a previous location due to
shifting or movement of the track. For example, instead
of breaks, corrosion, or the like, in the track, misalignment
of the track can result from lateral movement of the track
and/or vertical movement of the track from a previous
position, such as the positions of the track when the track
was installed or previously examined.
[0016] In contrast to systems and methods that involve
the use of a device that generates light to inspect a route,
such as a laser light source that generates laser light
onto a rail of a track and monitors the laser light to identify
changes in a profile of the rail, one or more aspects of
the systems and methods described herein rely on ac-
quisition of image data without generating light or other
energy onto the route. As described below, one or more
systems and methods described herein can take still pic-
tures and/or video of a route and compare these pictures
and/or video to baseline image data. No light such as
laser light is used to mark or otherwise examine the route
in at least one embodiment.

[0017] Figure 1 is a schematic illustration of an optical
route examination system 100 in accordance with one
embodiment. The system 100 is disposed onboard a ve-
hicle 102, such as a rail vehicle. The vehicle 102 can be
connected with one or more other vehicles, such as one
or more locomotives and rail cars, to form a consist that
travels along a route 120, such as a track. Alternatively,
the vehicle 102 may be another type of vehicle, such as
another type of off-highway vehicle (e.g., a vehicle that
is not designed or is not permitted to travel on public
roadways), an automobile, or the like. In a consist, the
vehicle 102 can pull and/or push passengers and/or car-
go, such as in a train or other system of vehicles.
[0018] The system 100 includes one or more cameras
106 (e.g., cameras 106a, 106b) mounted or otherwise
connected with the vehicle 102 so that the cameras 106
move with the vehicle 102 along the route 120. The cam-
eras 106 may be forward facing cameras 106 in that the
cameras 106 are oriented toward a direction of travel or
movement 104 of the vehicle 102. For example, fields of
view 108, 110 of the cameras 106 represent the space
that is captured on images obtained by the cameras 106.
In the illustrated example, the cameras 106 are forward
facing in that the fields of view 108, 110 capture images
and/or video of the space in front of the moving vehicle
102. The cameras 106 can obtain static (e.g., still) images
and/or moving images (e.g., video). Optionally, one or
more of the cameras 106 may be disposed inside the
vehicle 102. For example, the vehicle 102 may include
a cab camera 106 disposed inside an operator cab of the
vehicle 102. Such a camera 106 can obtain images
and/or video through a window of the vehicle 102, such
as is described in U.S. Patent Application Serial No.
14/457,353 (with respect to the cameras 106), which was
filed on 12 August 2014, is titled "Vehicle Imaging System
And Method," and the entire disclosure of which is incor-
porated herein by reference.
[0019] The cameras 106 may obtain the images of the
route 120 while the vehicle 102 is moving at relatively
fast speeds. For example, the images may be obtained
while the vehicle 102 is moving at or near an upper speed
limit of the route 120, such as the track speed of the route
120 when maintenance is not being performed on the
route 120 or the upper speed limit of the route 120 has
not been reduced.
[0020] The cameras 106 operate based on signals re-
ceived from a camera controller 112. The camera con-
troller 112 includes or represents one or more hardware
circuits or circuitry that includes and/or is coupled with
one or more computer processors (e.g., microproces-
sors) or other electronic logic-based devices. The cam-
era controller 112 activates the cameras 106 to cause
the cameras 106 to obtain image data. This image data
represents images of the fields of view 108, 110 of the
cameras 106, such as images of one or more portions
or segments of the route 120 disposed ahead of the ve-
hicle 102. The camera controller 112 can change the
frame rate of the cameras 106 (e.g., the speed or fre-
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quency at which the cameras 106 obtain images).
[0021] One or more image analysis processors 116 of
the system 100 examine the images obtained by one or
more of the cameras 106. The processors 116 can in-
clude or represent one or more hardware circuits or cir-
cuitry that includes and/or is coupled with one or more
computer processors (e.g., microprocessors) or other
electronic logic-based devices. In one aspect, the proc-
essor 116 examines the images by identifying which por-
tions of the images represent the route 120 and compar-
ing these portions to one or more benchmark images.
Based on similarities or differences between one or more
camera-obtained images and the benchmark image(s),
the processor 116 can determine if the segment of the
route 120 that is shown in the camera images is mis-
aligned. Alternatively, the image analysis processor 116
can convert the image data to or generate the image data
as wireframe model data, as described in U.S. Patent
Application No. 14/253,294, which is titled "Route Dam-
age Prediction System And Method" (the "’294 Applica-
tion"), the entire disclosure of which is incorporated by
reference in its entirety. The wireframe model data can
be used to identify the location, shape, or the like, of the
route 120.
[0022] Figures 2A and 2B illustrate one example of a
camera-obtained image 200 of a segment of the route
120. As shown in Figures 2A and 2B, the image 200 may
be a digital image formed from several pixels 202 of var-
ying color and/or intensity. Pixels 202 with greater inten-
sities may be lighter in color (e.g., more white) while pixels
202 with lesser intensities may be darker in color. In one
aspect, the image analysis processor 116 (shown in Fig-
ure 1) examines the intensities of the pixels 202 to de-
termine which portions of the image 200 represent the
route 120 (e.g., rails 204 of the track). For example, the
processor 116 may select those pixels 202 having inten-
sities that are greater than a designated threshold, the
pixels 202 having intensities that are greater than an av-
erage or median of several or all pixels 202 in the image
200, or other pixels 202 as representing locations of the
route 120 (e.g., the rails 204 of a track). Alternatively, the
processor 116 may use another technique to identify the
rails 204 in the image 200.
[0023] Returning to the description of the system 100
shown in Figure 1, the image analysis processor 116 can
select one or more benchmark visual profiles from among
several such profiles stored in a computer readable mem-
ory, such as an image memory 118. The memory 118
includes or represents one or more memory devices,
such as a computer hard drive, a CD-ROM, DVD ROM,
a removable flash memory card, a magnetic tape, or the
like. The memory 118 can store the images 200 (shown
in Figures 2A and 2B) obtained by the cameras 106 and
the benchmark visual profiles associated with a trip of
the vehicle 102.
[0024] The benchmark visual profiles represent desig-
nated layouts of the route 120 that the route 120 is to
have at different locations. For example, the benchmark

visual profiles can represent the positions, arrange-
ments, relative locations, of rails of the route 120 when
the rails were installed, repaired, last passed an inspec-
tion, or otherwise.
[0025] In one aspect, a benchmark visual profile is a
designated gauge (e.g., distance between rails of a track)
of the route 120. Alternatively, a benchmark visual profile
can be a previous image of the route 120 at a selected
location. In another example, a benchmark visual profile
can be a definition of where the route 120 (e.g., the rails
of a track) are expected to be located in an image of the
route 120. For example, different benchmark visual pro-
files can represent different shapes of the rails 204
(shown in Figures 2A and 2B) of a track at different lo-
cations along a trip of the vehicle 102 from one location
to another.
[0026] The processor 116 can determine which bench-
mark visual profile to select in the memory 118 based on
a location of the vehicle 102 when the image 200 is ob-
tained. A vehicle controller 114 is used to manually and/or
autonomously control movement of the vehicle 102, and
can track where the vehicle 102 is located when the im-
ages 200 are obtained. For example, the vehicle control-
ler 114 can include and/or be connected with a position-
ing system, such as a global positioning system, cellular
triangulation system, or the like, to determine where the
vehicle 120 is located. Optionally, the vehicle controller
114 can determine where the vehicle 102 is located
based on how fast the vehicle 102 is traveling and has
traveled on the route 120, how long the vehicle 102 has
been moving, and the known layout of the route 120. For
example, the vehicle controller 114 can calculate how far
the vehicle 102 has moved from a known location (e.g.,
a starting location or other location).
[0027] The processor 116 can select the benchmark
visual profile from the memory 118 that is associated with
and represents a designated layout or arrangement of
the route 120 at the location of the vehicle 102 when the
image 200 is obtained. This designated layout or ar-
rangement can represent the shape, spacing, arrange-
ment, or the like, that the route 120 is to have for safe
travel of the vehicle 120. For example, the benchmark
visual profile can represent the gauge and alignment of
the rails 204 of the track when the track was installed or
last inspected.
[0028] In one aspect, the image analysis processor
116 measures a gauge of the segment of the route 120
shown in the image 200 to determine if the route 120 is
misaligned. Figures 3A and 3B illustrate another example
of the image 200 of the route 120 shown in Figure 1. The
image analysis processor 116 examines the image 200
to measure a gauge distance 500 between the rails 204
of the route 120. In one aspect, the analysis processor
116 can measure a straight line or linear distance be-
tween one or more pixels 202 identified as representing
one rail 204 to one or more other pixels 202 identified as
representing another rail 204, as shown in Figures 3A
and 3B. This distance represents the gauge distance 500
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of the route 120. Alternatively, the distance between oth-
er pixels 202 may be measured. The processor 116 can
determine the gauge distance 500 by multiplying the
number of pixels 202 by a known distance that the width
of each pixel 202 represents in the image 200, by con-
verting the number of pixels 202 in the gauge distance
500 to length (e.g., in centimeters, meters, or the like)
using a known conversion factor, by modifying a scale
of the gauge distance 500 shown in the image 200 by a
scaling factor, or otherwise. In one aspect, the image
analysis processor 116 can convert the image data to or
generate the image data as wireframe model data, as
described in the ’294 Application. The gauge distances
500 may be measured between the portions of the wire-
frame model data that represent the rails.
[0029] The measured gauge distance 500 can be com-
pared to a designated gauge distance stored in the mem-
ory 118 for the imaged section of the route 120 (or stored
elsewhere). The designated gauge distance can be a
benchmark visual profile of the route 120, as this distance
represents a designated arrangement or spacing of the
rails 204 of the route 120. If the measured gauge distance
500 differs from the designated gauge distance by more
than a designated threshold or tolerance, then the proc-
essor 116 can determine that the segment of the route
120 that is shown in the image 200 is misaligned. For
example, the designated gauge distance can represent
the distance or gauge of the route 120 when the rails 204
were installed or last passed an inspection. If the meas-
ured gauge distance 500 deviates too much from this
designated gauge distance, then this deviation can rep-
resent a changing or modified gauge distance of the route
120.
[0030] Optionally, the processor 116 may measure the
gauge distance 500 several times as the vehicle 102 trav-
els and monitor the measured gauge distances 500 for
changes. If the gauge distances 500 change by more
than a designated amount, then the processor 116 can
identify the upcoming segment of the route 120 as being
potentially misaligned. As described below, however, the
change in the measured gauge distance 500 alternatively
may represent a switch in the route 120 that the vehicle
102 is traveling toward.
[0031] Measuring the gauge distances 500 of the route
102 can allow the image analysis processor 116 to de-
termine when one or more of the rails 204 in the route
120 are misaligned, even when the segment of the route
120 includes a curve. Because the gauge distance 500
should be constant or substantially constant (e.g., within
manufacturing tolerances), the gauge distance 500
should not significantly change in curved or straight sec-
tions of the route 120, unless the route 120 is misaligned.
[0032] In one embodiment, the image analysis proc-
essor 116 monitors changes in the gauge distances 500
in order to determine if one or more rails 204 of the route
120 are misaligned. The image analysis processor 116
tracks the gauge distances 500 to determine if the gauge
distances 500 exhibit designated trends within a desig-

nated distance and/or amount of time. For example, if
the gauge distances 500 increase over at least a first
designated time period or distance and then decrease
over at least a second designated time period, or de-
crease over at least the first designated time period or
distance and then increase over a least the second des-
ignated time period, then the image analysis processor
116 may determine that the rails 204 are misaligned. Op-
tionally, the image analysis processor 116 may deter-
mine that the rails 204 are misaligned responsive to the
gauge distances 500 increasing then decreasing, or de-
creasing then increasing, as described above, within a
designated detection time or distance limit.
[0033] Figure 12 illustrates one example of gauge dis-
tances 1200 determined by the image analysis processor
116 shown in Figure 1. The image analysis processor
116 can repeatedly determine the gauge distances 1200
from image data acquired while the vehicle 102 moves
along the rails 204 of the route 120. If the rails 204 are
not warped or bent relative to each other, then the gauge
distances 1200 should remain constant or relatively con-
stant (e.g., changes in the gauge distances 1200 attrib-
utable to noise in the system as opposed to damage to
the rails 204). But, if one rail 204 is bent relative to the
other rail 204, then the gauge distances 1200 may
change as the vehicle 102 travels over the bent rail 204.
For example, if one rail 204 is bent away from the other
rail 204 (e.g., has a convex bend), then the gauge dis-
tances 1200 may increase and then decrease due to the
bent rail 204 moving away from the other rail 204 and
then toward the other rail 204. On the other hand, if one
rail 204 is bent toward the other rail 204 (e.g., has a con-
cave bend), then the gauge distances 1200 may de-
crease and then increase due to the bent rail 204 moving
away from the other rail 204 and then away from the other
rail 204.
[0034] Instead of or in addition to comparing the gauge
distances 1200 to one or more thresholds to identify dam-
age to the rails 204, the image analysis processor 116
may examine the gauge distances 1200 to determine if
the gauge distances 1200 change over time or distance
according to one or more predetermined trends or pat-
terns.
[0035] In the illustrated example, the gauge distances
1200 are shown alongside a horizontal axis 1202 repre-
sentative of time or distance along the route 120 and a
vertical axis 1204 representative of different magnitudes
(e.g., lengths) of the gauge distances 1200. The image
analysis processor 116 can examine the gauge distances
1200 to determine if the gauge distances 1200 are in-
creasing over at least a first designated time period or
distance 1206 along the route 120. The image analysis
processor 116 can determine that the gauge distances
1200 are increasing over the time period or distance 1206
by determining that an average, median, or moving av-
erage, or moving median of the gauge distances 1200 is
increasing during the time period or distance 1206. Al-
ternatively, image analysis processor 116 can determine
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that the gauge distances 1200 are increasing over the
time period or distance 1206 by determining that a line
of best fit, a linear regression, or other trend or pattern
1208 in the gauge distances 1200 increases for at least
the time period or distance 1206. The time period or dis-
tance 1206 can be a variable that is adjusted to prevent
noise in the system from being identified as an actual
change in the gauge distance 1200. For example, noise
may not cause the gauge distances 1200 to increase (or
decrease) over a time period or distance that is at least
as long as the time period or distance 1206, while an
actual change in the gauge distance 1200 may increase
(or decrease) over a time period or distance that is at
least as long as the time period or distance 1206.
[0036] In one embodiment, the image analysis proc-
essor 116 can identify the segment of the route 120 that
includes the rails 204 having the increasing trend or pat-
tern over at least the time period or distance 1206 as
being damaged. Alternatively, the image analysis proc-
essor 116 may continue to examine the gauge distances
1200 for additional changes. The gauge distances 1200
shown in Figure 12 exhibit a decreasing trend or pattern
1210 subsequent to the increasing trend or pattern 1208.
The image analysis processor 116 can identify the de-
creasing trend or pattern 1210 similar to the manner in
which the increasing trend or pattern 1208 is identified.
Similar to the increasing trend or pattern 1208, the image
analysis processor 116 may determine whether the de-
creasing trend or pattern 1210 continues for at least as
long as a second designated distance or time period
1212. If the decreasing trend or pattern 1210 continues
for at least as long as the second distance or time period
1212, then the image analysis processor 116 may deter-
mine that the decreasing trend or pattern 1210 indicates
a change in the gauge distance 1200 and is not largely
or solely due to noise. The time periods or distances
1206, 1212 may occur at different time or locations than
what is shown in Figure 12. For example, the time period
or distance 1206 may begin once the image analysis
processor 116 determines that the gauge distances 1200
are increasing and the time period or distance 1212 may
begin once the image analysis processor 116 determines
that the gauge distances 1200 are decreasing. The time
periods or distances 1206, 1212 may abut one another
or be separated by larger times or distances than what
is shown in Figure 12.
[0037] Figure 13 illustrates another example of gauge
distances 1300 determined by the image analysis proc-
essor 116 shown in Figure 1. The gauge distances 1300
are shown alongside the horizontal axis 1202 and vertical
axis 1204 described above. In contrast to the gauge dis-
tances 1200 shown in Figure 12, the gauge distances
1300 do not include increasing trends 1208 or decreasing
trends 1210 that continue over at least designated time
periods or distances 1206, 1212. Instead, any increasing
or decreasing trends in the gauge distances 1300 occur
over shorter time periods or distances. As a result, the
image analysis processor 116 may not identify the in-

creasing trend 1208 and/or the decreasing trend 1210 in
the gauge distances 1300.
[0038] The lengths of time and/or distances over which
the distances or time periods 1206, 1212 extend may be
changed based on the amount of noise in the system.
For example, as the measured changes in the gauge
distances 1200, 1300 increase for reasons other than
actual changes in the gauge distance 1200, 1300, the
lengths of time and/or distances over which the distances
or time periods 1206, 1212 extend may be increased to
exclude noise from being identified as a bent rail 204. As
another example, as the measured changes in the gauge
distances 1200, 1300 decrease for reasons other than
actual changes in the gauge distance 1200, 1300, the
lengths of time and/or distances over which the distances
or time periods 1206, 1212 extend may be shortened.
[0039] Returning to the description of the gauge dis-
tances 1200 shown in Figure 12, the image analysis proc-
essor 116 can determine that the gauge distance 1200
actually changed and that the rails 204 are bent or oth-
erwise damaged responsive to identifying the increasing
trend or pattern 1208 followed by the decreasing trend
or pattern 1210. Optionally, the image analysis processor
116 can determine that the gauge distance 1200 actually
changed and that the rails 204 are bent or otherwise dam-
aged responsive to identifying the decreasing trend or
pattern 1210 followed by the increasing trend or pattern
1208. In one embodiment, if the increasing trend 1208
is identified but is not followed by the decreasing trend
1210 (or the decreasing trend 1210 is not followed by the
increasing trend 1208), then the image analysis proces-
sor 116 may not identify the route 120 as being damaged.
[0040] In one aspect, the image analysis processor
116 identifies the route 120 as being damaged respon-
sive to identifying the increasing trend 1208 followed by
the decreasing trend 1210 (or the decreasing trend 1210
followed by the increasing trend 1208) occurring within
a designated time or distance limit 1214. Because at least
some bends in the rails 204 of a route 120 are likely to
occur over relatively short distances (e.g., several feet
or meters), the image analysis processor 116 may not
identify increasing and subsequent decreasing patterns
1208, 1210 (or decreasing and subsequent increasing
patterns 1210, 1208) that occur over longer periods of
time or distances than the limit 1214 as being represent-
ative of actual warping of the rails 204.
[0041] Figure 14 illustrates another example of gauge
distances 1400 determined by the image analysis proc-
essor 116. The gauge distances 1400 are shown along-
side the horizontal and vertical axes 1202, 1204 de-
scribed above. As shown in Figure 14, the gauge dis-
tances 1400 exhibit an increasing trend or pattern 1408
followed by a decreasing trend or pattern 1410. The in-
creasing trend 1408 continues for longer than the desig-
nated time period 1206 and the decreasing trend 1410
continues for longer than the designated time period
1212. The time period 1206 can begin when the image
analysis processor 116 identifies the gauge distances
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1400 as increasing and the time period 1212 can begin
when the image analysis processor 116 identifies the
gauge distances 1400 as decreasing. Alternatively, the
image analysis processor 116 can identify the beginnings
of the time periods 1206, 1212 in another manner.
[0042] But, both the increasing and decreasing trends
1408, 1410 do not occur within the designated time or
distance limit 1214. For example, the time periods or dis-
tances over which each of the trends 1408, 1410 occur
are temporally or spatially separated from each other by
a sufficiently large time or distance that the total time
encompassed by the time periods 1206, 1212 (e.g., the
time or distance that extends from the beginning of the
time period 1206 to the end of the time period 1212) is
longer than the time or distance limit 1214. Because
warps or misalignments in the rails 204 may occur over
relatively short distances (e.g., a few feet or meters), the
size of the time or distance limit 1214 can be set so that
the limit 1214 filters out changes in the gauge distances
1400 that are not representative of warps or misalign-
ments in the rails 204. For example, if the increasing trend
1408 followed by the decreasing trend 1410 (or the de-
creasing trend 1410 followed by the increasing trend
1408) are temporally or spatially spaced apart a relatively
large distance (e.g., more than several feet or meters, or
the amount of time encompassed by the vehicle traveling
over several feet or meters), then the trends 1408, 1410
may not represent misalignment of the rails 204. Instead,
the trends 1408, 1410 may be indicative of drift in the
system or other measurement problems.
[0043] By way of example only, the limit 1214 may rep-
resent a spatial distance of two feet (e.g., 0.6 meters),
four feet (e.g., 1.2 meters), ten feet (e.g., three meters),
or another distance. Optionally, the limit 1214 may rep-
resent the amount of time required for the vehicle to travel
over a similar distance, depending on how fast the vehicle
is moving.
[0044] Returning to the description of the system
shown in Figure 1, in one embodiment, because the cam-
era faces forward along a direction of travel of the vehicle,
the image analysis processor 116 can measure the
gauge distances and identify bent or otherwise mis-
aligned portions of the route 120 for upcoming segments
of the route 120. If the image analysis processor 116
determines from examination of one or more images 200
that the upcoming segment of the route 120 that the ve-
hicle 102 is traveling toward is misaligned, the image
analysis processor 116 can communicate a warning sig-
nal to the vehicle controller 114. This warning signal can
indicate to the vehicle controller 114 that an upcoming
segment of the route 120 is misaligned. In response to
this warning signal, the vehicle controller 114 may take
one or more responsive actions. For example, the vehicle
controller 114 may include an output device, such as a
display, speaker, or the like, that visually and/or audibly
warns an operator of the vehicle 102 of the upcoming
misaligned segment of the route 120. The operator may
then decide how to proceed, such as by slowing or stop-

ping movement of the vehicle, or by communicating with
an off-board repair or inspection facility to request further
inspection and/or maintenance of the misaligned seg-
ment of the route 120. Optionally, the vehicle controller
114 may automatically implement the responsive action,
such as by automatically slowing or stopping movement
of the vehicle 102 and/or automatically communicating
with the off-board repair or inspection facility to request
further inspection and/or maintenance of the misaligned
segment of the route 120.
[0045] Figure 15 illustrates a flowchart of a method
1500 for identifying damage to a route according to one
embodiment. The method 1500 may be practiced by the
system 100 shown in Figure 1 in one aspect. The method
1500 may be used to measure gauge distances of the
route 120 (shown in Figure 1) to determine if the route
120 is damaged, such as with one of plural rails 204
(shown in Figure 2) being bent, warped, or otherwise
misaligned relative to another rail 204 of the route 120.
The method 1500 can represent operations that may be
encoded in instructions stored on a memory device (e.g.,
the memory 118 shown in Figure 1, another memory that
is accessible to the processor 116 shown in Figure 1,
etc.) and/or hard-wired to the image analysis processor
116 to configure the system 100 to perform the operations
described herein.
[0046] At 1502, image data representative of a route
being traveled upon by a vehicle is obtained. As de-
scribed above, this image data can be obtained by one
or more cameras disposed inside of and/or outside of the
vehicle. The image data can include still images, videos,
wireframe models, or the like.
[0047] At 1504, gauge distance of the route is meas-
ured based at least in part on the image data. For exam-
ple, the distance between portions of the image data rep-
resentative of rails of the route can be measured and
scaled to determine the lateral separation distance be-
tween the rails. The gauge distance can be tracked over
time such that changes in the gauge distance can be
identified at different locations and/or times during travel
over the route.
[0048] At 1506, the measured gauge distances are ex-
amined to determine if the gauge distances are increas-
ing (e.g., have an increasing trend). For example, the
gauge distances may be examined to determine if, apart
from and/or in addition to noise in the measurements of
the gauge distances, the gauge distances are increasing
at the vehicle moves along the route. If the gauge dis-
tances are increasing, then the increasing spacing be-
tween the rails may indicate damage to the route (e.g.,
bending or warping of at least one of the rails). As a result,
flow of the method 1500 can continue to 1508. On the
other hand, if the gauge distances are not increasing,
then flow of the method 1500 can proceed to 1518, which
is described below.
[0049] At 1508, the increasing trend in the gauge dis-
tances is examined to determine if the gauge distances
are increasing for at least a first designated period of time

13 14 



EP 2 993 105 B1

9

5

10

15

20

25

30

35

40

45

50

55

and/or distance. The increasing trend can be compared
to the designated period of time and/or distance to pre-
vent temporary changes in the gauge distances caused
by factors other than a bent or damaged rail from being
misidentified as a bent or damaged rail. The designated
distance can be six inches (e.g,. fifteen centimeters), nine
inches (e.g., twenty-three centimeters), one foot (e.g.,
thirty centimeters), or another distance. The designated
period of time can be the time required for the vehicle to
travel over the designated distance based on the speed
of the vehicle.
[0050] If the increasing trend in the gauge distances
does last for at least as long as the first designated time
and/or distance, then the increasing trend may be indic-
ative of damage to the route. As a result, flow of the meth-
od 1500 can proceed to 1510. On the other hand, if the
increasing trend does not last for at least as long as the
first designated time and/or distance, then the increasing
trend may be indicative of another factor, such as noise
in the system. As a result, flow of the method 1500 can
return to 1502.
[0051] At 1510, the measured gauge distances are ex-
amined to determine if the gauge distances are decreas-
ing (e.g., have a decreasing trend) subsequent to the
increasing trend. For example, the gauge distances may
be examined to determine if, apart from and/or in addition
to noise in the measurements of the gauge distances,
the gauge distances are decreasing at the vehicle moves
along the route and after the increasing trend is identified.
If the gauge distances are decreasing after the increasing
trend, then the decreasing spacing between the rails may
indicate damage to the route (e.g., bending or warping
of at least one of the rails back from the position associ-
ated with the increases in the gauge distance). As a re-
sult, flow of the method 1500 can continue to 1512. On
the other hand, if the gauge distances are not decreasing,
then flow of the method 1500 can return to 1502.
[0052] At 1512, the decreasing trend in the gauge dis-
tances is examined to determine if the gauge distances
are decreasing for at least a second designated period
of time and/or distance. The second designated period
of time and/or distance may be the same as the first des-
ignated period of time and/or distance, or may be longer
or shorter than the first designated period of time and/or
distance. The decreasing trend can be compared to the
designated period of time and/or distance to prevent tem-
porary changes in the gauge distances caused by factors
other than a bent or damaged rail from being misidentified
as a bent or damaged rail. The designated distance can
be six inches (e.g., fifteen centimeters), nine inches (e.g.,
twenty-three centimeters), one foot (e.g., thirty centime-
ters), or another distance. The designated period of time
can be the time required for the vehicle to travel over the
designated distance based on the speed of the vehicle.
[0053] If the decreasing trend in the gauge distances
does last for at least as long as the second designated
time and/or distance, then the decreasing trend may be
indicative of damage to the route. As a result, flow of the

method 1500 can proceed to 1514. On the other hand,
if the decreasing trend does not last for at least as long
as the second designated time and/or distance, then the
decreasing trend may be indicative of another factor,
such as noise in the system. As a result, flow of the meth-
od 1500 can return to 1502.
[0054] At 1514, a determination is made as to whether
the first and second designated periods of time and/or
distances (over which the increasing and decreasing
trends occur) occur within a designated outer distance
and/or time limit. The method 1500 can include this de-
termination to ensure that the increasing and decreasing
changes in the gauge distances occur relatively close to
each other. If the increasing and decreasing changes do
not occur relatively close to each other (e.g., within the
designated limit), then the increasing and decreasing
changes may not be indicative of damage to the route.
As a result, flow of the method 1500 can return to 1502.
On the other hand, if the increasing and decreasing
changes do occur relatively close to each other (e.g.,
within the designated limit), then the increasing and de-
creasing changes may be indicative of damage to the
route. As a result, flow of the method 1500 can proceed
to 1516.
[0055] At 1516, the segment of the route where the
changes in the gauge distances are identified is identified
as a damaged section of the route. As described herein,
one or more responsive or remedial actions may then be
taken, such as by automatically slowing or stopping
movement of the vehicle, communicating a signal to an
off-board location that requests inspection, repair, or
maintenance on the route, communicating a warning sig-
nal to one or more other vehicles, or the like. Additional
image data of the route can continue to be obtained and
examined to monitor the gauge distances and/or identify
damaged sections of the route. For example, the method
1500 can return to 1502.
[0056] Returning to the description of the method 1500
at 1506, if an increasing trend in the gauge distances is
not found, then flow of the method 1500 can proceed to
1518. At 1518, the measured gauge distances are ex-
amined to determine if the gauge distances are decreas-
ing (e.g., have a decreasing trend). For example, after
determining that the gauge distances do not have an in-
creasing trend (which may result from one rail bending
away from the other rail), the method 1500 may examine
whether the gauge distances have a decreasing trend
(which may result from one rail bending toward the other
rail).
[0057] The gauge distances may be examined to de-
termine if, apart from and/or in addition to noise in the
measurements of the gauge distances, the gauge dis-
tances are decreasing at the vehicle moves along the
route. If the gauge distances are decreasing, then the
decreasing spacing between the rails may indicate dam-
age to the route (e.g., bending or warping of at least one
of the rails). As a result, flow of the method 1500 can
continue to 1520. On the other hand, if the gauge dis-
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tances are not decreasing, then flow of the method 1500
can return to 1502.
[0058] At 1520, the decreasing trend in the gauge dis-
tances is examined to determine if the gauge distances
are decreasing for at least the second designated period
of time and/or distance. As described herein, the de-
creasing trend can be compared to the designated period
of time and/or distance to prevent temporary changes in
the gauge distances caused by factors other than a bent
or damaged rail from being misidentified as a bent or
damaged rail. If the decreasing trend in the gauge dis-
tances does last for at least as long as the second des-
ignated time and/or distance, then the decreasing trend
may be indicative of damage to the route. As a result,
flow of the method 1500 can proceed to 1522. On the
other hand, if the decreasing trend does not last for at
least as long as the second designated time and/or dis-
tance, then the decreasing trend may be indicative of
another factor, such as noise in the system. As a result,
flow of the method 1500 can return to 1502.
[0059] At 1522, the measured gauge distances are ex-
amined to determine if the gauge distances are increas-
ing (e.g., have an increasing trend) subsequent to the
decreasing trend. If the gauge distances are increasing
after the decreasing trend, then the increasing spacing
between the rails may indicate damage to the route (e.g.,
bending or warping of at least one of the rails back from
the position associated with the decreases in the gauge
distance). As a result, flow of the method 1500 can con-
tinue to 1524. On the other hand, if the gauge distances
are not increasing, then flow of the method 1500 can
return to 1502.
[0060] At 1524, the increasing trend in the gauge dis-
tances is examined to determine if the gauge distances
are increasing for at least the first designated period of
time and/or distance, similar to as described above. The
increasing trend can be compared to the designated pe-
riod of time and/or distance to prevent temporary chang-
es in the gauge distances caused by factors other than
a bent or damaged rail from being misidentified as a bent
or damaged rail. If the increasing trend in the gauge dis-
tances does last for at least as long as the first designated
time and/or distance, then the increasing trend may be
indicative of damage to the route. As a result, flow of the
method 1500 can proceed to 1526. On the other hand,
if the increasing trend does not last for at least as long
as the first designated time and/or distance, then the in-
creasing trend may be indicative of another factor, such
as noise in the system. As a result, flow of the method
1500 can return to 1502.
[0061] At 1526, a determination is made as to whether
the first and second designated periods of time and/or
distances (over which the increasing and decreasing
trends occur) occur within the designated outer distance
and/or time limit. If the increasing and decreasing chang-
es do not occur relatively close to each other (e.g., within
the designated limit), then the increasing and decreasing
changes may not be indicative of damage to the route.

As a result, flow of the method 1500 can return to 1502.
On the other hand, if the increasing and decreasing
changes do occur relatively close to each other (e.g.,
within the designated limit), then the increasing and de-
creasing changes may be indicative of damage to the
route. As a result, flow of the method 1500 can proceed
to 1516, which is described above.
[0062] Figure 4 illustrates an example of a benchmark
visual profile 300. The benchmark visual profile 300 rep-
resents a designated layout of the route 120 (shown in
Figure 1), such as where the route 120 is expected to be
in the images obtained by one or more of the cameras
106 (shown in Figure 1).
[0063] In the illustrated example, the benchmark visual
profile 300 includes two designated areas 302, 304 that
represent designated positions of rails of a track. The
designated areas 302, 304 can represent where the pix-
els 202 (shown in Figures 2A and 2B) of the image 200
(shown in Figures 2A and 2B) that represent the rails 204
(shown in Figures 2A and 2B) should be located if the
rails 204 are aligned properly. For example, the desig-
nated areas 302, 304 can represent expected locations
of the rails 204 prior to obtaining the image 200. The rails
204 may be properly aligned when the rails 204 are in
the same locations as when the rails 204 were installed
or last passed an inspection of the locations of the rails
204, or at least within a designated tolerance. This des-
ignated tolerance can represent a range of locations that
the rails 204 may appear in the image 200 due to rocking
or other movements of the vehicle 102 (shown in Figure
1).
[0064] Optionally, the benchmark visual profile 300
may represent a former image of the route 120 obtained
by a camera 106 on the same or a different vehicle 102.
The designated areas 302, 304 can represent the loca-
tions of the pixels 202 in the former image that have been
identified as representing the route 120 (e.g., the rails
204).
[0065] In one aspect, the image analysis processor
116 can map the pixels 202 representative of the route
120 (e.g., the rails 204) to the benchmark visual profile
300 or can map the designated areas 302, 304 of the
benchmark visual profile 300 to the pixels 202 represent-
ative of the route 120. This mapping may include deter-
mining if the locations of the pixels 202 representative of
the route 120 (e.g., the rails 204) in the image 200 are in
the same locations as the designated areas 302, 304 of
the benchmark visual profile 300.
[0066] Figures 5A and 5B illustrate a visual mapping
diagram 400 of the image 200 and the benchmark visual
profile 300 according to one example of the inventive
subject matter described herein. The mapping diagram
400 represents one example of a comparison of the im-
age 200 with the benchmark visual profile 300 that is
performed by the image analysis processor 116 (shown
in Figure 1). As shown in the mapping diagram 400, the
designated areas 302, 304 of the benchmark visual pro-
file 300 can be overlaid onto the image 200. The proc-
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essor 116 can then identify differences between the im-
age 200 and the benchmark visual profile 300. For ex-
ample, the processor 116 can determine if the pixels 202
representing the route 120 (e.g., representing the rails
204) are disposed outside of the designated areas 302,
304. Optionally, the processor 116 can determine if lo-
cations of the pixels 202 representing the route 120 in
the image 200 (e.g., coordinates of these pixels 202) are
not located within the designated areas 302, 304 (e.g.,
are not coordinates located within outer boundaries of
the designated areas 302, 304).
[0067] If the image analysis processor 116 determines
that at least a designated amount of the pixels 202 rep-
resenting the route 120 are outside of the designated
areas 302, 304, then the processor 116 can identify the
segment of the route 120 that is shown in the image 200
as being misaligned. For example, the processor 116
can identify groups 402, 404, 406 of the pixels 202 that
represent the route 120 (e.g., the rails 204) as being out-
side of the designated areas 302, 304. If the number,
fraction, percentage, or other measurement of the pixels
202 that are representative of the route 120 and that are
outside the designated areas 302, 304 exceeds a des-
ignated threshold (e.g., 10%, 20%, 30%, or another
amount), then the segment of the route 120 shown in the
image 200 is identified as misaligned. On the other hand,
if the number, fraction, percentage, or other measure-
ment of the pixels 202 that are representative of the route
120 and that are outside the designated areas 302, 304
does not exceed the threshold, then the segment of the
route 120 shown in the image 200 is not identified as
misaligned.
[0068] During travel of the vehicle 102 over various
segments of the route 120, the vehicle 102 may encoun-
ter (e.g., approach) an intersection between the segment
of the route 120 being traveled upon and another route
segment. In terms of rail vehicles, such an intersection
can include a switch between two or more routes 120.
Due to the arrangement of the rails 204 at a switch, the
image analysis processor 116 may adapt the examina-
tion of the images 200 to determine if the rails 204 are
misaligned.
[0069] Figure 6 is a schematic diagram of an intersec-
tion (e.g., switch) 600 between two or more routes 602,
604 according to one example of the inventive subject
matter described herein. One or more, or each, of the
routes 602, 604 may be the same as or similar to the
route 120 shown in Figure 1.
[0070] If the image analysis processor 116 is measur-
ing gauge distances 500 (shown in Figures 3A and 3B)
to determine if the rails 204 of the routes 602, 604 are
misaligned, then the image analysis processor 116 may
identify decreasing gauge distances 500 as the vehicle
102 approaches the switch 600. For example, if the ve-
hicle 102 is traveling toward the switch 600 on the route
602 along a first direction of travel 606, or the vehicle 102
is traveling toward the switch 600 on the route 604 along
a second direction of travel 608, or the vehicle 102 is

traveling toward the switch 600 on the route 602 along a
third direction of travel 610, then the image analysis proc-
essor 116 may determine that the measured gauge dis-
tances 500 are decreasing, such as from the distances
500a to the shorter distances 500b, or to another dis-
tance.
[0071] Without knowing that the vehicle 102 is ap-
proaching the switch 600, the image analysis processor
116 may incorrectly identify the rails 204 as being mis-
aligned based on this decrease in the gauge distances
500 that are measured. In one aspect, however, the ve-
hicle controller 114 may determine when the vehicle 102
is approaching the switch 600 (e.g., based on the location
of the vehicle 102 as determined by the controller 114
and the known locations of the switch 600, such as from
a map or track database that provides switch locations)
and notify the image analysis processor 116. The image
analysis processor 116 may then ignore the decreasing
gauge distances 500 until the vehicle 102 has passed
through or over the switch 600, such as by not imple-
menting one or more responsive actions described above
in response to the measured gauge distances 500 de-
creasing.
[0072] Alternatively, the image analysis processor 116
may obtain one or more benchmark visual profiles from
the memory 118 (shown in Figure 1) that represent the
routes at or near the switch 600. Instead of representing
parallel rails 204, these benchmark visual profiles can
represent the arrangement of the rails 204 in the switch
600. The image analysis processor 116 may then com-
pare the images of the route approaching the switch 600
to the benchmark visual profiles to determine if the route
at or near the switch 600 is misaligned.
[0073] Optionally, the image analysis processor 116
may determine that the vehicle 102 is approaching the
switch 600 based on the images obtained of the route
approaching the switch 600. For example, the distances
between the rails 204 of different routes 602, 604 ap-
proaching the switch 600 (e.g., the gauge distances
500b) may be stored in the memory 118 as benchmark
visual profiles. When the image analysis processor 116
determines that the gauge distances 500 being meas-
ured from the images of the route 602 or 604 are the
same or similar to the stored gauge distances, then the
image analysis processor 116 may determine that the
vehicle 102 is approaching the switch 600. The image
analysis processor 116 may be used to determine when
the vehicle 102 approaches a switch 600 in order to con-
firm a location of the vehicle 102 as determined by the
vehicle controller 114, to assist in locating the vehicle
102 when the controller 114 cannot determine the loca-
tion of the vehicle 102, and so on.
[0074] In one aspect, the image analysis processor
116 may create a benchmark visual profile from the im-
age data that is obtained from the camera. For example,
the image analysis processor 116 may not have access
to a benchmark visual profile, the section of the route
being examined may not be associated with a benchmark
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visual profile, or the like. The image analysis processor
116 can use the image data to create a benchmark visual
profile "on-the-fly," such as by creating the benchmark
visual profile as the image data is obtained. The bench-
mark visual profile can then be used to examine the im-
age data from which the benchmark visual profile was
created to identify problems with the route.
[0075] Figure 10 illustrates a camera-obtained image
1000 with benchmark visual profiles 1002, 1004 of the
route 120 according to another example of the inventive
subject matter described herein. The benchmark visual
profiles 1002, 1004 are created by the image analysis
processor 116 (shown in Figure 1) from the image data
used to create the image 1000. For example, the image
analysis processor 116 can examine intensities of the
pixels to determine the location of the route 120, as de-
scribed above. Within the location of the route 120, the
image analysis processor 116 can find two or more pixels
having the same or similar (e.g., within a designated
range of each other) intensities. Optionally, the image
analysis processor 116 may identify many more pixels
with the same or similar intensities.
[0076] The image analysis processor 116 then deter-
mines a relationship between these pixels. For example,
the image analysis processor 116 may identify a line be-
tween the pixels in the image 1000 for each rail 204.
These lines represent the benchmark visual profiles
1002, 1004. The image analysis processor 116 can then
determine if other pixels representative of the rails 204
of the route 120 are on or within the benchmark visual
profiles 1002, 1004 (e.g., within a designated distance
of the benchmark visual profiles 1002, 1004, or if these
pixels are outside of the benchmark visual profiles 1002,
1004. In the illustrated example, most or all of the pixels
representative of the rails 204 of the route 120 are on or
within the benchmark visual profiles 1002, 1004.
[0077] Figure 11 illustrates another camera-obtained
image 1100 with benchmark visual profiles 1102, 1104
of the route 120 according to another example of the
inventive subject matter described herein. The bench-
mark visual profiles 1102, 1104 may be created using
the image data used to form the image 1100, as de-
scribed above in connection with Figure 10. In contrast
to the image 1000 shown in Figure 10, however, a seg-
ment 1106 of the route 120 does not fall on or within the
benchmark visual profile 1104. This segment 1106
curves outward and away from the benchmark visual pro-
file 1104. The image analysis processor 116 can identify
this segment 1106 because the pixels having intensities
that represent the rail 204 are no longer on or in the
benchmark visual profile 1104. Therefore, the image
analysis processor 116 can identify the segment 1106
as a misaligned segment of the route 120.
[0078] In one aspect, the image analysis processor
116 can use a combination of techniques described here-
in for examining the route. For example, if both rails 202,
204 of a route 120 are bent or misaligned from previous
positions, but are still parallel or substantially parallel to

each other, then the gauge distance between the rails
202, 204 may remain the same or substantially the same,
and/or may not substantially differ from the designated
gauge distance 500 of the route 120. As a result, only
looking at the gauge distance in the image data may re-
sult in the image analysis processor 116 failing to identify
damage (e.g., bending) to the rails 202, 204. In order to
avoid this situation, the image analysis processor 116
additionally can generate the benchmark visual profiles
1102, 1104 using the image data and compare these
profiles to the image data of the rails, as described above
in connection with Figures 10 and 11. Bending or other
misalignment of the rails 202, 204 may then be identified
when the bending in the rails 202, 204 deviates from the
benchmark visual profile created from the image data.
[0079] Figure 7 illustrates a flowchart of a method 700
for examining a route from a vehicle as the vehicle is
moving along the route. The method 700 can be per-
formed by one or more embodiments of the route exam-
ining system 100 (shown in Figure 1). At 702, an image
of the route is obtained from one or more cameras of the
vehicle. The image can be obtained of a segment of the
route that is ahead of the vehicle along a direction of
travel of the vehicle (e.g., the vehicle is moving toward
the segment being imaged).
[0080] At 704, a benchmark visual profile of the route
is selected based on the location of the segment of the
route that was imaged. As described above, the bench-
mark visual profile can represent a designated gauge
distance of the route, a previous image of the route, a
spatial representation of where the route is expected to
be located or previously was located, or the like.
[0081] At 706, the image is compared to the bench-
mark visual profile. For example, the gauge of the rail in
an image of the route may be measured and compared
to the designated gauge of the benchmark visual profile.
Optionally, the location of rails in the image may be de-
termined and compared to locations of rails in a previous
image of the route. In one aspect, the location of rails in
the image are determined and compared to designated
areas of the benchmark visual profile.
[0082] At 708, a determination is made as to whether
there are differences between the image of the route and
the benchmark visual image. For example, a determina-
tion may be made as to whether the gauge distance
measured from the image is different from the designated
gauge distance of the benchmark visual profile. Addition-
ally or alternatively, a determination may be made as to
whether the locations of the rails in the image are different
from the locations of the rail in a previous image of the
route. Optionally, a determination may be made as to
whether the locations of the rails in the image are outside
of designated areas in the benchmark visual profile. If
one or more of these differences are identified, then the
difference may indicate that the route (e.g., one or more
of the rails) has become misaligned, such as by bending,
moving relative to the ground or underlying ballast ma-
terial, breaking, or the like.
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[0083] If one or more differences between the image
and the benchmark visual profile are identified, then the
route may be misaligned from a previous or designated
position. As a result, flow of the method 700 can proceed
to 710. On the other hand, if no differences are identified,
or if the differences are relatively small or minor, then the
route may still be in the same alignment as a previous or
designated position (or has moved a relatively small
amount). As a result, the vehicle can continue traveling
along the upcoming segment of the route, and the method
700 can return to 702.
[0084] At 710, the segment of the route in the image
is identified as being misaligned. At 712, one or more
responsive actions may be implemented, such as by
communicating a warning signal to one or more other rail
vehicles to warn the other vehicles of the misalignment,
communicating a warning signal to one or more wayside
devices disposed at or near the track so that the wayside
devices can communicate the warning signals to one or
more other rail vehicles systems, communicating a warn-
ing signal to an off-board facility, automatically slowing
or stopping movement of the vehicle, notifying an on-
board operator of the misalignment, or the like. Depend-
ing on whether the vehicle can continue moving along
the route, flow of the method 700 may return to 702.
[0085] In another aspect of the inventive subject matter
described herein, the optical route examining system and
method may use plural cameras mounted in front of the
vehicle and oriented toward (e.g., facing) the route being
traveled on. The cameras capture images at a relatively
high (e.g., fast) frame rate so as to give a static, stable
image of the route. Using plural acquired images, the
images are analyzed so that obstacles (e.g., pedestrians,
cars, trees, and the like) are identified and/or highlighted.
The system and method can warn or provide an indication
to the operator of the vehicle of the obstacle to trigger a
braking action (manually or autonomously). In the event
that the operator does not take action to slow down or
apply the brakes of the vehicle, then the brakes may be
automatically applied without operator intervention.
[0086] The cameras can capture the images at a rel-
atively high frame rate (e.g., at a relatively fast frequency)
so as to give static, stable images of the upcoming portion
of the route being traveled upon. There may be a tem-
poral delay or lag (e.g., of a few milliseconds) between
the capture times for the images obtained by the different
cameras. In one aspect, the images captured from dif-
ferent cameras in same time frame (e.g., within the same
relatively short time frame) are compared to identify for-
eign objects on or near the upcoming segment of the
route. Feature detection algorithms can be used to iden-
tify significant features on the images, such as people,
birds, cars, other vehicles (e.g., locomotives), and the
like. In one aspect, the images are analyzed to identify
a depth of a foreign object, which can be used to estimate
a size of the foreign object and/or to identify the foreign
object. Using a difference technique, non-stable obsta-
cles like snow, rain, pebbles, and the like, can be elimi-

nated or ignored. Major obstacles such as cars, pedes-
trians on the track, and the like, can be identified or high-
lighted, and used to alert the operator of the vehicle of
the presence of the major obstacle.
[0087] Currently, train operators may not receive suf-
ficiently early warnings or identifications of obstacles on
an upcoming segment of the track in different weather
conditions. Even the operators are able to see the ob-
stacle, the obstacle may not be seen in time to allow the
operator to apply the brakes and stop the train (or other
vehicle) before collision with the obstacle. If the advanced
image capture and analysis techniques descried herein
can detect far-away obstacles early enough, collisions
with the obstacles can be avoided.
[0088] Returning to the description of the route exam-
ining system 100 shown in Figure 1, one or more of the
cameras 106 can obtain several images 200 of an up-
coming segment of the route 120 during movement of
the vehicle 102 along the route 120. The description be-
low focuses on two or more cameras 106 obtaining the
images 200, but optionally, only one of the cameras 106
may obtain the images 200. The image analysis proces-
sor 116 may control the cameras 106 to acquire the im-
ages 200 at relatively fast frame rates, such as at least
by obtaining 300 images per second per camera, 120
images per second per camera, 72 images per second
per camera, 48 images per second per camera, 24 im-
ages per second per camera, or another rate.
[0089] The image analysis processor 116 then com-
pares the images obtained by one or more of the cameras
106 to identify differences in the images. These differ-
ences can represent transitory foreign objects or persist-
ent foreign objects on or near the segment of the route
120 that the vehicle 102 is traveling toward. A transitory
foreign object is an object that is moving sufficiently fast
that the object will not interfere or collide with the vehicle
102 when the vehicle 102 reaches the foreign object. A
persistent foreign object is an object that is stationary or
moving sufficiently slow that the vehicle 102 will collide
with the foreign object when the vehicle 102 reaches the
foreign object.
[0090] Figure 8 is an overlay representation 800 of
three images acquired by one or more of the cameras
106 and overlaid on each other according to one example
of the inventive subject matter described herein. The
overlay representation 800 represents three images of
the same segment of the route 120 taken at different
times by one or more of the cameras 106 and combined
with each other. The image analysis processor 116 may
or may not generate such an overlay representation
when examining the images for a foreign object.
[0091] As shown in the representation 800, the route
120 is a persistent object in that the route 120 remains
in the same or substantially same location in the images
obtained at different times. This is because the route 120
is not moving laterally relative to the direction of travel of
the vehicle 102 (shown in Figure 1) as the vehicle 102
travels along the route 120. The image analysis proces-
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sor 116 can identify the route 120 by examining intensi-
ties of pixels in the images, as described above, or using
another technique.
[0092] Also as shown in the representation 800, a for-
eign object 802 appears in the images. The image anal-
ysis processor 116 can identify the foreign object 802 by
examining intensities of the pixels in the images (or using
another technique) and determining that one or more
groups of pixels having the same or similar (e.g., within
a designated range) of intensities appear in locations of
the images that are close to each other. Optionally, the
image analysis processor 116 can compare one or more
of the images acquired by the one or more cameras 106
and compare the images to one or more benchmark vis-
ual profile, similar to as described above. If differences
between the images and the benchmark visual images
are identified, then the image analysis processor 116
may identify these differences as being representative
of the foreign object 802. For example, if a benchmark
visual profile represents only the rails 204, but the rails
204 and another object appear in an image, then the
image analysis processor 116 can identify the other ob-
ject as the foreign object 802. In one aspect, the image
analysis processor 116 is able to distinguish between the
route 120 (e.g., the rails 204) and the foreign object 802
due to the different shapes and/or sizes of the route 120
and the foreign object 802.
[0093] Once the foreign object 802 is identified, the
image analysis processor 116 can direct one or more of
the cameras 106 to zoom in on the foreign object 802
and obtain one or more magnified images. For example,
the initial identification of the foreign object 802 may be
confirmed by the image analysis processor 116 directing
the cameras 106 to magnify the field of view of the cam-
eras 106 and to acquire magnified images of the foreign
object 802. The image analysis processor 116 may again
examine the magnified images to confirm the presence
of the foreign object 802, or to determine that no foreign
object 802 is present.
[0094] The image analysis processor 116 may exam-
ine a sequence of two or more of the images (e.g., mag-
nified images or images acquired prior to magnification)
to determine if the foreign object 802 is a persistent object
or a transitory object. In one aspect, if the foreign object
802 appears in and is identified by the processor 116 in
at least a designated number of images within a desig-
nated time period, then the foreign object 802 is identified
by the processor 116 as a persistent object. The appear-
ance of the foreign object 802 in the designated number
of images (or a greater amount of images) for at least
the designated time period indicates that the foreign ob-
ject 802 is located on or near the upcoming segment of
the route 120, and/or likely will remain on or near the
route 120.
[0095] For example, a bird flying over the route 120,
precipitation falling onto the route 120, and the like, may
appear in one or more of the images acquired by the
cameras 106. Because these foreign objects 802 tend

to move fairly fast, these foreign objects 802 are less
likely to be present in the images for more than the des-
ignated number of images during the designated period
of time. As a result, the image analysis processor 116
does not identify these types of foreign objects 802 as
persistent objects, and instead ignores these foreign ob-
jects or identifies the foreign objects as transient objects.
[0096] As another example, a person standing or walk-
ing over the route 120, a car parked or slowly moving
over the route 120, and the like, may appear in images
acquired by the cameras 106 over a longer period of time
than flying birds or falling precipitation. As a result, the
person or car may appear in at least the designated
number of images for at least the designated time period.
The image analysis processor 116 identifies such foreign
objects as persistent objects.
[0097] In response to identifying a foreign object as a
persistent object, the image analysis processor 116 may
implement one or more mitigating actions. For example,
the image analysis processor 116 can generate a warn-
ing signal that is communicated to the vehicle controller
114 (shown in Figure 1). This warning signal may cause
one or more alarms to sound, such as an internal and/or
external siren to generate an audible warning or alarm
that the vehicle 102 is approaching the persistent object.
Optionally, the warning signal may generate a visual or
other alarm to an operator of the vehicle 102 to notify the
operator of the persistent object. Additionally or alterna-
tively, the warning signal may cause the vehicle controller
114 to automatically apply brakes of the vehicle 102. In
one aspect, the warning signal may cause the vehicle
controller 114 to communicate a signal to a switch or
other wayside device that controls a switch, so that the
switch is automatically changed to cause the vehicle 102
to leave the currently traveled route 102 (on which the
persistent object is detected) and to move onto another,
different route to avoid colliding with the persistent object.
[0098] In one example of the inventive subject matter
described herein, the image analysis processor 116 can
determine a moving speed of the persistent object and
determine which mitigating action, if any, to implement.
In the example shown in Figure 8, the foreign object 802
appears in different locations of the images relative to
the route 120. For example, in a first image, the foreign
object 802 appears at a first location 804, in a subse-
quent, second image, the foreign object 802 appears at
a different, second location 806, and in a subsequent,
third image, the foreign object 802 appears at a different,
third location 808.
[0099] The image analysis processor 116 can identify
the changing positions of the foreign object 802 and es-
timate a moving speed of the foreign object 802. For ex-
ample, the image analysis processor 116 can control the
frame rate of the cameras 106, and therefore can know
the length of time between when consecutive images
were acquired. The image analysis processor 116 can
measure the changes in positions of the foreign object
802 between the different locations 804, 806, 808, and
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so on, and scale these changes in positions to an esti-
mated distance that the foreign object 802 has moved
between the images. For example, the image analysis
processor 116 can estimate the distance in a manner
similar to measuring the gauge distance 500 shown in
Figures 3A and 3B. Instead of measuring the distance
between rails 204, however, the image analysis proces-
sor 116 is estimating the movement distance of the for-
eign object 802.
[0100] The image analysis processor 116 can estimate
the moving speed at which the foreign object 802 is mov-
ing using the changes in positions divided by the time
period between when the images showing the different
positions of the foreign object 802 were acquired. If the
foreign object 802 is moving slower than a designated
speed, then the image analysis processor 116 may de-
termine that the foreign object 802 is unlikely to clear the
route 120 before the vehicle 102 reaches the foreign ob-
ject 802. As a result, the image analysis processor 116
may generate a warning signal for the vehicle controller
114 that requests a more immediate response, such as
by immediately actuating the brakes of the vehicle 102
(e.g., to a full or sufficiently large extent to slow and stop
movement of the vehicle 102). If the foreign object 802
is moving at least as fast as the designated speed, then
the image analysis processor 116 may determine that
the foreign object 802 is more likely to clear the route 120
before the vehicle 102 reaches the foreign object 802.
As a result, the image analysis processor 116 may gen-
erate a warning signal for the vehicle controller 114 that
requests a less immediate response, such as by activat-
ing a warning siren, automatically reducing the throttle
level, and/or automatically slowing (but not stopping) the
vehicle 102 by applying the brakes.
[0101] In one embodiment, the image analysis proc-
essor 116 can use images obtained by two or more cam-
eras 106 to confirm or refute the potential identification
of a persistent object on or near the route 120. For ex-
ample, the processor 116 can examine a first set of im-
ages from one camera 106a and examine a second set
of images from another camera 106b to determine if the
persistent object is identified in both the first set of images
and the second set of images. If the persistent object is
detected from both sets of images, then the image anal-
ysis processor 116 may determine which mitigating ac-
tion to implement, as described above.
[0102] The image analysis processor 116 can examine
the images obtained by the two or more cameras 106 to
estimate a depth of the foreign object 802. For example,
the images acquired at the same time or approximately
the same time by different, spaced apart cameras 106
may provide a stereoscopic view of the foreign object
802. Due to the slightly different fields of view of the cam-
eras 106, the images that are obtained at the same time
or nearly the same time may have slight differences in
the relative location of the foreign object 802, even if the
foreign object 802 is stationary. For example, the foreign
object 802 may appear slightly to one side of the image

acquired by one camera 106a than in the image acquired
by another camera 106b. The image analysis processor
116 can measure these differences (e.g., by measuring
the distances between common pixels or portions of the
foreign object 802) and estimate a depth of the foreign
object 802 (e.g., the distance between opposite sides of
the foreign object 802 along a direction that is parallel or
coaxial with the direction of travel of the vehicle 102). For
example, larger depths may be estimated when these
differences are larger than when the differences are
smaller.
[0103] The image analysis processor 116 may use the
estimated depth to determine which mitigating action to
implement. For example, for larger estimated depths, the
image analysis processor 116 may determine that the
foreign object 802 is larger in size than for smaller esti-
mated depths. The image analysis processor 116 may
request more severe mitigating actions for larger esti-
mated depths and less severe mitigating actions for
smaller estimated depths.
[0104] Additionally or alternatively, the image analysis
processor 116 may examine the two dimensional size of
an identified foreign object 802 in one or more of the
images to determine which mitigating action to imple-
ment. For example, the image analysis processor 116
can measure the surface area of an image that repre-
sents the foreign object 802 in the image. The image
analysis processor 116 can combine this two dimension-
al size of the foreign object 802 in the image with the
estimated depth of the foreign object 802 to determine a
size index of the foreign object 802. The size index rep-
resents how large the foreign object 802 is. Optionally,
the size index may be based on the two dimensional size
of the imaged foreign object 802, and not the estimated
depth of the foreign object 802.
[0105] The image analysis processor 116 may use the
size index to determine which mitigating action to imple-
ment. The image analysis processor 116 may request
more severe mitigating actions for larger size indices and
less severe mitigating actions for smaller size indices.
[0106] The image analysis processor 116 can com-
pare the two dimensional areas and/or estimated depths
of the foreign object 802 to one or more object templates
to identify the foreign object 802. The object templates
may be similar to the designated areas 302, 304 shown
in the benchmark visual image 300 in Figures 5A and
5B. As described above, the designated areas 302, 304
represent where properly aligned rails 204 are expected
to be located in an image. Similar designated areas can
represent shapes of other objects, such as pedestrians,
automobiles, livestock, or the like. The image analysis
processor 116 can compare the size and/or shape of the
foreign object 802 in one or more images with the size
and/or shape of one or more designated areas (e.g., ob-
ject templates) that represent one or more different for-
eign objects. If the size and/or shape of the foreign object
802 is the same as or similar to (e.g., within a designated
tolerance), then the image analysis processor 116 can
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identify the foreign object 802 in the image as the same
foreign object represented by the object template.
[0107] The image analysis processor 116 may use the
identification of the foreign object 802 to determine which
mitigating action to implement. For example, if the foreign
object 802 is identified as an automobile or pedestrian,
the image analysis processor 116 may request more se-
vere mitigating actions than if the foreign object 802 is
identified as something else, such as livestock.
[0108] In one aspect, the image analysis processor
116 stores one or more of the images in the memory 118
and/or communicates the images to an off-board loca-
tion. The images may be retrieved from the memory 118
and/or from the off-board location, and compared with
one or more images of the same segments of the route
120 obtained by the same vehicle 102 at a different time
and/or by one or more other vehicles 102 at other times.
Changes in the images of the route 120 may be used to
identify degradation of the route 102, such as by identi-
fying wear and tear in the route 120, washing away of
ballast material beneath the route 120, or the like, from
changes in the route 120 over time, as identified in the
images.
[0109] Figure 9 illustrates a flowchart of a method 900
for examining a route from a vehicle as the vehicle is
moving along the route. The method 900 can be per-
formed by one or more embodiments of the route exam-
ining system 100 (shown in Figure 1). At 902, plural im-
ages of the route are obtained from one or more cameras
of the vehicle. The images can be obtained of a segment
of the route that is ahead of the vehicle along a direction
of travel of the vehicle (e.g., the vehicle is moving toward
the segment being imaged).
[0110] At 904, the images are examined to determine
if a foreign object is present in one or more of the images.
For example, intensities of the pixels in the images can
be examined to determine if a foreign object is on or near
the segment of the route being approached by the vehi-
cle.
[0111] At 906, a determination is made as to whether
a foreign object is identified in the image. For example,
if the image is compared to a previous image or other
benchmark visual profile, and the shape of an object ap-
pears in the current image, but not the previous image
or the other benchmark visual profile, then the object may
represent a foreign object. As a result, the foreign object
is identified in the image, and flow of the method 900 can
proceed to 908. On the other hand, if no foreign object
is identified in the image, then flow of the method 900
can return to 902.
[0112] In one aspect, the presence of the foreign object
may be determined by examining a first set of images
acquired by a first camera and a second set of images
acquired by a second camera. If the foreign object is iden-
tified in the first set of images and the foreign object is
identified in the second set of images, then flow of the
method 900 can proceed to 908. Otherwise, flow of the
method 900 can return to 902.

[0113] In one aspect, the presence of the foreign object
may be determined by examining different images ac-
quired at different magnification levels. For example, if
the foreign object is identified in one or more images ob-
tained at a first magnification level, the camera may zoom
into the foreign object and acquire one or more images
at an increased second magnification level. The images
at the increased magnification level can be examined to
determine if the foreign object appears in the images. If
the foreign object is identified in the magnified second,
then flow of the method 900 can proceed to 908. Other-
wise, flow of the method 900 can return to 902.
[0114] At 910, a determination is made as to whether
the foreign object is a persistent object or a transitory
object. As described above, a sequential series of two or
more images of the route can be examined to determine
if the foreign object is present in the images. If the foreign
object does appear in at least a designated number of
the images for at least a designated time period, then the
foreign object may be identified as a persistent object,
as described above. As a result, one or more mitigating
actions may need to be taken to avoid colliding with the
foreign object, and flow of the method 900 can proceed
to 912.
[0115] On the other hand, if the foreign object does not
appear in at least the designated number of the images
for at least the designated time period, then the foreign
object may be a transitory object, and may not be iden-
tified as a persistent object, as described above. As a
result, one or more mitigating actions may not need to
be taken as the foreign object may not be present when
the vehicle reaches the location of the foreign object.
Flow of the method 900 can then return to 902.
[0116] At 912, one or more mitigating actions may be
taken. For example, the operator of the vehicle may be
warned of the presence of the foreign object, an audible
and/or visual alarm may be activated, the brakes of the
vehicle may be automatically engaged, the throttle of the
vehicle may be reduced, or the like. As described above,
the size, depth, and/or identity of the foreign object may
be determined and used to select which of the mitigating
actions is implemented.
[0117] In one example of the inventive subject matter
described herein, a method (e.g., for optically examining
a route such as a track) includes obtaining one or more
images of a segment of a track from a camera mounted
to a rail vehicle while the rail vehicle is moving along the
track and selecting (with one or more computer proces-
sors) a benchmark visual profile of the segment of the
track. The benchmark visual profile represents a desig-
nated layout of the track. The method also can include
comparing (with the one or more computer processors)
the one or more images of the segment of the track with
the benchmark visual profile of the track and identifying
(with the one or more computer processors) one or more
differences between the one or more images and the
benchmark visual profile as a misaligned segment of the
track.
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[0118] In one aspect, the one or more images of the
segment of the track are compared to the benchmark
visual profile by mapping pixels of the one or more images
to corresponding locations of the benchmark visual pro-
file and determining if the pixels of the one or more images
that represent the track are located in common locations
as the track in the benchmark visual profile.
[0119] In one aspect, the method also includes identi-
fying portions of the one or more images that represent
the track by measuring intensities of pixels in the one or
more images and distinguishing the portions of the one
or more images that represent the track from other por-
tions of the one or more images based on the intensities
of the pixels.
[0120] In one aspect, the benchmark visual profile vis-
ually represents locations where the track is located prior
to obtaining the one or more images.
[0121] In one aspect, the method also includes meas-
uring a distance between rails of the track by determining
a number of pixels disposed between the rails in the one
or more images.
[0122] In one aspect, the method also includes com-
paring the distance with a designated distance to identify
a changing gauge of the segment of the track.
[0123] In one aspect, the method also includes identi-
fying a switch in the segment of the track by identifying
a change in the number of pixels disposed between the
rails in the one or more images.
[0124] In one aspect, the method also includes creat-
ing the benchmark visual profile from at least one image
of the one or more images that are compared to the
benchmark visual profile to identify the one or more dif-
ferences.
[0125] In one aspect, the method also includes com-
paring the one or more images of the segment of the
track with one or more additional images of the segment
of the track obtained by one or more other rail vehicles
at one or more other times in order to identify degradation
of the segment of the track.
[0126] In one aspect, the one or more images of the
segment of the track are obtained while the rail vehicle
is traveling at an upper speed limit of the segment of the
track (e.g., track speed).
[0127] In another example of the inventive subject mat-
ter described herein, a system (e.g., an optical route ex-
amining system) includes a camera and one or more
computer processors. The camera is configured to be
mounted to a rail vehicle and to obtain one or more im-
ages of a segment of a track while the rail vehicle is mov-
ing along the track. The one or more computer proces-
sors are configured to select a benchmark visual profile
of the segment of the track that represents a designated
layout of the track. The one or more computer processors
also are configured to compare the one or more images
of the segment of the track with the benchmark visual
profile of the track to identify one or more differences
between the one or more images and the benchmark
visual profile as a misaligned segment of the track.

[0128] In one aspect, the one or more computer proc-
essors are configured to compare the one or more im-
ages of the segment of the track to the benchmark visual
profile by mapping pixels of the one or more images to
corresponding locations of the benchmark visual profile
and determining if the pixels of the one or more images
that represent the track are located in common locations
as the track in the benchmark visual profile.
[0129] In one aspect, the one or more computer proc-
essors are configured to identify portions of the one or
more images that represent the track by measuring in-
tensities of pixels in the one or more images and to dis-
tinguish the portions of the one or more images that rep-
resent the track from other portions of the one or more
images based on the intensities of the pixels.
[0130] In one aspect, the benchmark visual profile vis-
ually represents locations where the track is located prior
to obtaining the one or more images.
[0131] In one aspect, the one or more computer proc-
essors also are configured to measure a distance be-
tween rails of the track by determining a number of pixels
disposed between the rails in the one or more images.
[0132] In one aspect, the one or more computer proc-
essors are configured to compare the distance with a
designated distance to identify a changing gauge of the
segment of the track.
[0133] In one aspect, the one or more computer proc-
essors are configured to identify a switch in the segment
of the track by identifying a change in the number of pixels
disposed between the rails in the one or more images.
[0134] In one aspect, the one or more computer proc-
essors are configured to create the benchmark visual
profile from at least one image of the one or more images
that are compared to the benchmark visual profile to iden-
tify the one or more differences.
[0135] In one aspect, the one or more computer proc-
essors are configured to compare the one or more im-
ages of the segment of the track with one or more addi-
tional images of the segment of the track obtained by one
or more other rail vehicles at one or more other times in
order to identify degradation of the segment of the track.
[0136] In one aspect, the camera is configured to ob-
tain the one or more images of the segment of the track
and the one or more computer processors are configured
to identify the misaligned segment of the track while the
rail vehicle is traveling at an upper speed limit of the seg-
ment of the track.
[0137] In another example of the inventive subject mat-
ter described herein, a method (e.g., an optical route ex-
amining method) includes obtaining plural first images of
an upcoming segment of a route with one or more cam-
eras on a vehicle that is moving along the route, exam-
ining the first images with one or more computer proces-
sors to identify a foreign object on or near the upcoming
segment of the route, identifying one or more differences
between the first images with the one or more processors,
determining if the foreign object is a transitory object or
a persistent object based on the differences between the
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first images that are identified, and implementing one or
more mitigating actions responsive to determining if the
foreign object is the transitory object or the persistent
object.
[0138] In one aspect, the method also includes in-
creasing a magnification level of the one or more cameras
to zoom in on the foreign object and obtaining one or
more second images of the foreign object. The foreign
object can be determined to be the persistent object re-
sponsive to a comparison between the first images and
the one or more second images.
[0139] In one aspect, the first images are obtained at
different times, and implementing the one or more miti-
gating actions includes prioritizing the one or more miti-
gating actions based on the differences in the first images
obtained at the different times.
[0140] In one aspect, the method also includes calcu-
lating a depth of the foreign object and a distance from
the vehicle to the foreign object based on comparisons
of the first images and the second images.
[0141] In one aspect, implementing the one or more
mitigating actions is performed based on whether the for-
eign object is the persistent object or the transitory object,
a depth of the foreign object that is calculated by the one
or more computer processors from the differences be-
tween the first images, and a distance from the vehicle
to the foreign object that is calculated by the one or more
computer processors from the differences between the
first images.
[0142] In one aspect, the method also includes esti-
mating a moving speed of the foreign object with the one
or more computer processors from the differences be-
tween the first images.
[0143] In one aspect, the one or more cameras acquire
the first images at a first frame rate and additional, second
images at a different, second frame rate. The method
can also include modifying at least one of the first frame
rate or the second frame rate based on changes in a
moving speed of the vehicle.
[0144] In one aspect, the method also includes com-
paring the first images with plural additional images of
the route obtained by plural other vehicles at one or more
other times in order to identify degradation of the route.
[0145] In another example of the inventive subject mat-
ter described herein, a system (e.g., an optical route ex-
amining system) includes one or more cameras config-
ured to be mounted on a vehicle and to obtain plural first
images of an upcoming segment of a route while the ve-
hicle is moving along the route. The system also includes
one or more computer processors configured to compare
the first images with each other to identify differences
between the first images, to identify a foreign object on
or near the upcoming segment of the route based on the
differences between the first images that are identified,
to determine if the foreign object is a transitory object or
a persistent object based on the differences between the
first images that are identified, and to implement one or
more mitigating actions responsive to determining if the

foreign object is the transitory object or the persistent
object.
[0146] In one aspect, the one or more computer proc-
essors also are configured to direct the one or more cam-
eras to increase a magnification level of the one or more
cameras to zoom in on the foreign object and obtaining
one or more second images of the foreign object. The
foreign object can be determined to be the persistent
object by the one or more computer processors respon-
sive to a comparison between the first images and the
one or more second images.
[0147] In one aspect, the one or more computer proc-
essors direct the one or more cameras to obtain the first
images at different times, and the one or more computer
processors are configured to implement the one or more
mitigating actions by prioritizing the one or more mitigat-
ing actions based on the differences in the first images
obtained at the different times.
[0148] In one aspect, the one or more computer proc-
essors also are configured to calculate a depth of the
foreign object and a distance from the vehicle to the for-
eign object based on comparisons of the first images.
[0149] In one aspect, the one or more computer proc-
essors are configured to implement the one or more mit-
igating actions based on whether the foreign object is the
persistent object or the transitory object, a depth of the
foreign object that is calculated by the one or more com-
puter processors based on the differences between the
first images, and a distance from the vehicle to the foreign
object that is calculated by the one or more computer
processors based on the differences between the first
images.
[0150] In one aspect, the one or more computer proc-
essors are configured to estimate a moving speed of the
foreign object from the differences between the first im-
ages.
[0151] In one aspect, the one or more cameras acquire
the first images at a first frame rate and additional, second
images at a different, second frame rate. The one or more
computer processors also can be configured to modify
at least one of the first frame rate or the second frame
rate based on changes in a moving speed of the vehicle.
[0152] In one aspect, the one or more computer proc-
essors also are configured to compare the first images
with plural additional images of the route obtained by
plural other vehicles at one or more other times in order
to identify degradation of the route.
[0153] In another embodiment, an optical route exam-
ination system examines image data to detect signs
alongside a route using an on-board camera of a vehicle.
Certain signs (e.g., mileposts) can be detected and
stored in a memory structure, such as a database, list,
or the like. Using image analysis (e.g., optical character
recognition), information on the signs (e.g., letters, num-
bers, symbols, or the like) can be determined. The mem-
ory structure can be built or created to include images of
the signs, the information on the sign, and/or the location
of the sign. The memory structure can then be used
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and/or updated for a variety of purposes, such as for au-
tomatic control of vehicles. For example, a positive train
control (PTC) system, an onboard safety system, or the
like can use the information in the memory structure to
determine when to slow movement of vehicles in certain
areas, when to allow the vehicles to travel faster, when
to automatically apply brakes of the vehicles, or the like.
[0154] Figure 16 is a schematic illustration of an optical
route examination system 1600 in accordance with an-
other embodiment. The system 1600 is disposed on-
board a vehicle 1602, such as a rail vehicle. The vehicle
1602 may be the same as or different from the vehicle
102 shown in Figure 1. For example, the vehicle 1602
may represent the vehicle 102. The vehicle 1602 can be
connected with one or more other vehicles, such as one
or more locomotives and rail cars, to form a consist that
travels along a route 1620, such as a track. Alternatively,
the vehicle 1602 may be another type of vehicle, such
as another type of off-highway vehicle (e.g., a vehicle
that is not designed or is not permitted to travel on public
roadways), an automobile, or the like. In a consist, the
vehicle 1602 can pull and/or push passengers and/or car-
go, such as in a train or other system of vehicles.
[0155] The system 1600 includes one or more cameras
1606, which may represent one or more of the cameras
106 shown in Figure 1. The camera 1606 can obtain static
(e.g., still) images and/or moving images (e.g., video).
Optionally, the camera 1606 may be disposed inside the
vehicle 1602. The camera 1606 may obtain images
and/or videos of the route 1620 and/or signs disposed
alongside the route 1620 while the vehicle 1602 is moving
at relatively fast speeds. For example, the images may
be obtained while the vehicle 1602 is moving at or near
an upper speed limit of the route 1620, such as the track
speed of the route 1620 when maintenance is not being
performed on the route 1620 or the upper speed limit of
the route 1620 has not been reduced.
[0156] The system 1600 includes a camera controller
1612, which may represent the camera controller 112
shown in Figure 1. The camera controller 1612 can con-
trol operations of the camera 1606, similar to as de-
scribed above in connection with the camera controller
112. The system 1600 also may include one or more
image analysis processors 1616, which can represent
one or more of the image analysis processors 116 shown
in Figure 1. An image memory 1618 of the system 1600
may represent the image memory 118 shown in Figure
1. A vehicle controller 1614 can represent the vehicle
controller 114 shown in Figure 1. As described above,
the vehicle controller 114 (and therefore, the vehicle con-
troller 1614 in one embodiment) can include a positioning
system that determines locations of the vehicle 102, 1602
along the route 120, 1620. Optionally, a positioning sys-
tem 1622 may be separate from the controller 1614, but
operably connected with the controllers 1612 and/or
1614 (e.g., by one or more wired and/or wireless con-
nections) so that the positioning system 1622 can com-
municate data representative of locations of the vehicle

1620 to the controllers 1612 and/or 1614. Examples of
positioning systems 1622 include global positioning sys-
tems, cellular triangulation systems, radio frequency
identification (RFID) interrogators or readers (e.g., that
read roadside transponders to determine locations),
computer microprocessors that calculate locations
based on elapsed times since a previous location,
speeds of the vehicle 1602, and/or layouts of the route
1620, or the like.
[0157] The system 1600 may include a communication
device 1624 that represents transceiving circuitry and
associated hardware (e.g., antenna 1626) that can wire-
lessly communicate information to and/or from the vehi-
cle 1602. In one aspect, the communication device 1624
is connected with one or more wires, cables, buses, or
the like (e.g., a multiple unit cable, train line, etc.) for
communicating information between the vehicle 1602
and another vehicle that is mechanically coupled with the
vehicle 1602 (e.g., directly or by one or more other vehi-
cles).
[0158] With continued reference to the system 1600
shown in Figure 16, Figure 17 illustrates image data 1700
obtained by the system 1600 according to one example.
The camera 1606 can obtain or generate the image data
1700 as the vehicle 1602 moves along the route 1620.
Alternatively, the image data 1700 can be obtained or
created while the vehicle 1602 is stationary. A portion of
interest 1702 of the image data 1700 can represent a
sign 1704 located alongside or near the route 1620 (e.g.,
within the field of view of the camera 1606, within ten feet
or three meters of the route 1620, or another distance).
The image analysis processor 1616 can examine the im-
age data 1700 to identify the portions of interest 1702
that include signs 1704 as the vehicle 1602 moves and/or
can identify the portions of interest 1702 when the vehicle
1602 is stationary.
[0159] In one aspect, the image analysis processor
1616 can detect the signs 1704 based on intensities of
pixels in the image data 1700, based on wireframe model
data generated based on the image data 1700, or the
like. For example, the pixels representative of the sign
1704 may be more similar to each other in terms of in-
tensities, color, or the like, than other pixels. The image
analysis processor 1616 can identify the signs 1704 in
the image data 1700 and store the image data 1700
and/or the portion of interest 1702 that includes the sign
1704 in the image memory 1618. The image analysis
processor 1616 can examine the portion of interest 1702
of the image data 1700 to determine what information is
represented by the sign 1704. For example, the image
analysis processor 1616 can use optical character rec-
ognition to identify the letters, numbers, symbols, or the
like, that are included in the sign 1704. While the sign
1704 is shown as a printed sign having static numbers,
alternatively, the sign 1704 may change which letters,
numbers, symbols, or the like, are displayed over time.
For example, the sign 1704 may be a display that can
change the information that is displayed, the sign 1704
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may have placeholders that allow for the letters, num-
bers, symbols, or the like, to be changed, etc. Alterna-
tively, the image analysis processor 1616 can examine
the portion of interest 1702 without first storing the image
data 1700 and/or portion of interest 1702 in the memory
1618.
[0160] Figure 18 schematically illustrates examination
of the sign 1704 shown in the image data 1700 of Figure
17 and a memory structure 1800 created based at least
in part on the examination of the sign 1704 according to
one embodiment. The image analysis processor 1616
shown in Figure 16 can use optical character recognition
or another technique to identify the information conveyed
by the sign 1704 (e.g., shown on the sign 1704). In the
illustrated example, the image analysis processor 1616
can examine the portion of interest 1702 of the image
data 1700 to determine that the sign 1704 includes the
numbers "225." The image analysis processor 1616 can
communicate with the positioning system 1622 shown in
Figure 16 to determine the location of the vehicle 1602
at the time that the image data 1700 showing the sign
1704 was obtained.
[0161] The image analysis processor 1616 can store
the information shown on the sign 1704 and the location
of the vehicle 1602 as determined by the positioning sys-
tem 1622 in the memory structure 1800. Optionally, the
portion of interest 1702 and/or the image data 1700 may
be stored in the memory structure 1800. The memory
structure 1800 represents an organized list, table, data-
base, or the like, of different types of information that are
associated with each other. For example, the memory
structure 1800 may store several different locations 1802
of different signs 1704 and information 1804 shown on
the different signs 1704.
[0162] The memory structure 1800 may be locally
stored in the memory 1618 and/or may be remotely
stored in a memory device that is off-board the vehicle
1602. The information shown on the signs 1704 and the
locations of the signs 1704 may be updated by systems
1600 on several vehicles 1602. For example, communi-
cation devices 1624 of multiple vehicles 1602 can com-
municate the information shown on signs 1704 and the
locations of the signs 1704 to a memory device on an-
other vehicle (e.g., the image memory 1618) or at another
location, such as a dispatch facility or another location.
The information and locations of the signs 1704 may be
updated and/or verified as multiple vehicles 1602 travel
near the signs 1704.
[0163] The information and locations of the signs 1704
can be used by the system 1600 to determine if a sign
1704 is damaged or obscured. If the image analysis proc-
essor 1616 examines image data 1700 and does not
identify a sign 1704 in the image data 1700 where the
sign 1704 should be located, does not identify the same
information written on the sign 1704 that should be written
on the sign, or the like, then the image analysis processor
1616 can determine that the sign 1704 is missing, dam-
aged, or otherwise unreadable. For example, the image

analysis processor 1616 can examine the memory struc-
ture 1800 and determine that a sign 1704 previously was
identified at a particular location. The image analysis
processor 1616 can examine the image data 1700 ac-
quired at that same location to determine if the sign 1704
is shown in the image data 1700 and/or if the information
on the sign 1704 is the same as the information stored
in the memory structure 1800. If the sign 1704 is not
identified from the image data, then the image analysis
processor 1616 can determine that the sign 1704 has
been removed. If the image analysis processor 1616 is
unable to identify the information printed on the sign
1704, then the image analysis processor 1616 can de-
termine that the sign 1704 is damaged or at least partially
obscured from view (e.g., by condensation, ice, vegeta-
tion, or the like). If the information shown on the sign 1704
does not match the information stored in the memory
structure 1800 that is associated with the location of the
sign 1704, then the image analysis processor 1616 can
determine that the sign is damaged, that the sign 1704
is at least partially obscured from view, and/or that the
information stored in the memory structure 1800 and/or
shown on the sign 1704 is incorrect.
[0164] Responsive to identifying one or more of these
problems with the sign 1704 and/or the memory structure
1800, the image analysis processor 1616 can communi-
cate one or more warning signals. These signals can be
communicated to another vehicle to request that the sys-
tem 1600 onboard the other vehicle check the image data
of the sign 1704, to an off-board facility to request inspec-
tion, repair, or maintenance of the sign 1704 and/or in-
formation recorded in the memory structure 1800, or the
like.
[0165] In one embodiment, the information stored in
the memory structure 1800 can be used by the vehicle
controller 1614 to control operations of the vehicle 1602.
For example, some signs 1704 may display speed limits
for the route 1620, some signs 1704 can indicate that
operators are working on or near the route 1620, some
signs 1704 can instruct operators of vehicles 1602 to
stop, or the like. The information that is read from the
signs 1704 and stored in the memory structure 1800 by
the systems 1600 can be used to automatically control
operations of the vehicles 1602. The vehicle controller
1614 can monitor locations of the vehicle 1602 based on
data communicated from the positioning system 1622.
Responsive to the vehicle 1602 approaching or reaching
the location associated with a sign 1704 in the memory
structure 1800 (e.g., coming within a designated distance
of the sign 1704), the vehicle controller 1614 can examine
the memory structure 1800 to determine what information
is shown on the sign 1704. If the information represents
a speed limit, instructions to stop, or the like, then the
vehicle controller 1614 can automatically change the
speed or stop the vehicle 1600, and/or display instruc-
tions to the operator to change the speed or stop the
vehicle 1600, in accordance with the instructions dis-
played on the sign 1704. Optionally, the memory struc-
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ture 1800 can include information that is used as a pos-
itive train control system to automatically control move-
ment of the vehicle 1600.
[0166] Figure 19 illustrates a flowchart of a method
1900 for identifying information shown on signs from im-
age data according to one embodiment. The method
1900 may be performed by one or more embodiments
of the route examination systems described herein. At
1902, image data of a route is obtained during movement
of a vehicle along a route. At 1904, a determination is
made as to whether the image data includes a sign. For
example, the pixel intensities in the image data can be
examined to determine if a sign is present. If a sign is
shown in the image data, then flow of the method 1900
can proceed to 1906. If no sign is visible in the image
data, then flow of the method 1900 can return to 1902
so that additional image data can be obtained.
[0167] At 1906, the portion of the image data that rep-
resents the sign is examined to determine what informa-
tion is shown on the sign. For example, optical character
recognition or another technique (e.g., manual inspec-
tion) may be performed on the image data or the portion
of the image data that represents the sign to determine
what letters, numbers, symbols, or the like, are shown
on the sign.
[0168] At 1908, the location of the sign is determined.
The location of the sign may be determined by determin-
ing the location of the vehicle when the image data show-
ing the sign was obtained. Alternatively, the location of
the sign may be manually input by an operator. At 1910,
the location of the sign and the information shown on the
sign are recorded, such as in a memory structure. As
described above, this memory structure can then be used
to later check on the status or state of the sign, to auto-
matically control operations of vehicles, to instruct oper-
ators how to control operations of the vehicles, or the
like. Flow of the method 1900 can return to 1902 so that
additional image data is obtained.
[0169] Returning to the description of the route exam-
ination system 1600 shown in Figure 16, the system 1600
optionally can examine the image data to ensure that
safety equipment on the route 1620 is functioning as in-
tended or designed. For example, the image analysis
processor 1616, can analyze image data that shows
crossing equipment. The image analysis processor 1616
can examine this data to determine if the crossing equip-
ment is functioning to notify other vehicles at a crossing
(e.g., an intersection between the route 1620 and another
route, such as a road for automobiles) of the passage of
the vehicle 1602 through the crossing.
[0170] Figure 20 illustrates image data 2000 repre-
sentative of a crossing 2002 according to one example.
The image data 2000 may be obtained or generated by
the camera 1606 (shown in Figure 16) as the vehicle
1602 is moving toward the crossing 2002, which repre-
sents an intersection between the route 1620 and anoth-
er route 2004, such as a road for automobiles. The image
analysis processor 1616 (shown in Figure 16) of the route

examination system 1600 (shown in Figure 16) onboard
the vehicle 1602 can determine a time period that image
data obtained or generated by the camera 1606 includes
or shows the crossing 2002 based on the location of the
vehicle 1602. For example, the image analysis processor
1616 can communicate with the positioning system 1622
(shown in Figure 16) and determine when the vehicle
1602 is at or approaching the crossing 2002 (e.g., within
a designated distance from the crossing 2002, such as
a quarter mile or 0.4 kilometers, or another distance).
The location of the crossing 2002 may be programmed
into the image analysis processor 1616 (e.g., by being
hard wired into the hardware circuitry of the processor
1616), stored in the memory 1618 (shown in Figure 16),
or otherwise accessible to the processor 1616.
[0171] Responsive to determining that the vehicle
1602 is at or approaching the crossing 2002, the image
analysis processor 1616 can examine the image data
acquired or generated during the time period that the
vehicle 1602 is at or approaching the crossing 2002. The
processor 1616 can examine the image data to deter-
mine if safety equipment 2006 (e.g., equipment 2006A-
C) is present at or near the crossing 2002 (e.g., within a
designated distance of the crossing 2002, such as fifty
feet or fifteen meters, or another distance), and/or if the
safety equipment 2006 is operating.
[0172] In the illustrated example, the safety equipment
2006A represents a crossing sign. Similar to the sign
1704 shown in Figure 17, the safety equipment 2006A
can display letters, numbers, symbols, or the like, to warn
operators of vehicles of the crossing 2002.
[0173] The safety equipment 2006B represents elec-
tronic signals, such as lights that are activated to gener-
ate light responsive to a vehicle traveling on the route
1620 toward the crossing 2002 and/or coming within a
designated distance (e.g., a quarter mile or 0.4 kilom-
eters, or another distance) of the crossing 2002. These
lights may be constant lights (e.g., lights that do not blink
or repeatedly turn ON and OFF), blinking lights (e.g.,
lights that repeatedly alternate between turning ON and
OFF), or a combination thereof. The safety equipment
2006C represents a crossing barrier, such as a gate, that
is activated to move (e.g., lower) to block passage of
vehicles on the route 2004 across the route 1620 through
the crossing 2002. The safety equipment 2006C can be
activated (e.g., lowered) responsive to a vehicle on the
route 1620 traveling on the route 1620 toward the cross-
ing 2002 and/or coming within a designated distance
(e.g., a quarter mile or 0.4 kilometers, or another dis-
tance) of the crossing 2002.
[0174] In order to ensure that the safety equipment
2006 is present, not damaged, and/or operating properly,
the image analysis processor 1616 can examine the im-
age data 2000. The processor 1616 can search through
the image data 2000 to determine if groups of pixels hav-
ing the same or similar intensities (e.g., within a desig-
nated range of each other, such as 1%, 5%, 10%, or the
like) are at or near the locations in the image data 2000
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where a corresponding safety equipment 2006 is located.
In one aspect, the processor 1616 can compare baseline
image data, such as object templates similar to as de-
scribed above in connection with Figures 4, 5A, and 5B,
to the image data 2000 to determine if the safety equip-
ment 2006 is present in the image data 2000. Alterna-
tively, another technique may be used. With respect to
the safety equipment 2006B, the processor 1616 can ex-
amine image data acquired or generated at different
times to determine if the lights of the safety equipment
2006B are activated and/or blinking.
[0175] If the image analysis processor 1616 deter-
mines that one or more of the safety equipment 2006 is
missing, damaged, or not operating based at least in part
on examination of the image data, then the image anal-
ysis processor 1616 can generate one or more warning
signals. These signals can be communicated to an op-
erator of the vehicle 1602 (e.g., such as by being dis-
played on a display, monitor, or other output device of
the vehicle 1602 or controller 114, 1614), to an off-board
facility to request repair, inspection, and/or further exam-
ination of the safety equipment 2006, to other vehicles
(e.g., traveling on the route 1620 and/or the route 2004)
to warn the other vehicles of the potentially malfunction-
ing or absent safety equipment 2006, or the like.
[0176] Optionally, safety equipment 2006 may be lo-
cated in places other than a crossing 2002. The image
analysis processor 1616 can examine the image data
obtained or generated when the vehicle 1602 is posi-
tioned such that the field of view of the camera 1616
includes the safety equipment 2006. The image analysis
processor 1616 can examine this image data in a manner
similar to as described above in order to determine if the
safety equipment is present, damaged, or not functioning
properly.
[0177] Additionally or alternatively, equipment other
than safety equipment 2006 can be examined by the im-
age analysis processor 1616. The image analysis proc-
essor 1616 can examine image data that represents way-
side assets, such as safety equipment or other equip-
ment that is disposed alongside the route 1620. The way-
side assets can include equipment that is within a des-
ignated distance of the route 1620, such as fifty feet or
fifteen meters, or another distance.
[0178] Figure 21 illustrates a flowchart of a method
2100 for examining wayside assets using image data ac-
cording to one embodiment. The method 2100 may be
performed by one or more embodiments of the route ex-
amination systems 100, 1600 described herein. At 2102,
a location of a vehicle is determined during movement
of the vehicle along a route. At 2104, a determination is
made as to whether the location of the vehicle is at or
near a wayside asset. For example, the location of the
vehicle may be compared to a memory structure (e.g., a
list, table, database, or the like) having locations of dif-
ferent wayside assets (e.g., safety equipment, inspection
equipment, switches in the route, or the like) stored there-
in. If the location of the vehicle is within a designated

distance of a wayside asset (e.g., fifty feet or fifteen me-
ters, or another distance), then flow of the method 2100
can proceed to 2106. Alternatively, if the vehicle is not
at or near a wayside asset, then flow of the method 2100
can return to 2102. For example, additional locations of
the vehicle can be identified and examined to determine
when the vehicle is close to a wayside asset.
[0179] At 2106, image data acquired or generated by
a camera onboard the vehicle is examined. For example,
when the vehicle is at or near the wayside asset, the field
of view of an onboard camera may include the wayside
asset. The image data acquired or generated by the cam-
era during at least part of the time period that the field of
view included the wayside asset may be examined. At
2108, a determination is made as to whether the image
data indicates that the wayside asset is damaged, miss-
ing, and/or not functioning properly. For example, if the
wayside asset does not appear in the image data, then
the wayside asset may be missing. If the wayside asset
does not appear similar to an object template, a prior
image, or the like, then the wayside asset may be dam-
aged and/or malfunctioning. If the image data indicates
that the asset is missing, damaged, and/or malfunction-
ing, then flow of the method 2100 can proceed to 2110.
Otherwise, flow of the method 2100 can return to 2102
so that additional image data may be examined at other
locations in order to inspect other wayside assets.
[0180] At 2110, one or more warning signals are gen-
erated. For example, a signal may be generated and/or
communicated to a display, monitor, or the like, to warn
an operator onboard the vehicle of the missing, dam-
aged, and/or malfunctioning wayside asset. As another
example, a signal may be generated and/or communi-
cated to an off-board facility in order to request inspec-
tion, repair, and/or replacement of the wayside asset.
Optionally, the signal may be communicated to one or
more other vehicles to warn of the damaged, missing,
and/or malfunctioning wayside asset.
[0181] In one or more embodiments described herein,
the image data may be examined by the image analysis
processors as the vehicle is moving and/or the image
data is output from the cameras. For example, instead
of obtaining the image data and storing the image data
for an extended period of time (e.g., until the vehicle has
moved such that the fields of view of the cameras do not
include any portion of the image data), the image analysis
processors may examine the image data while the same
objects, segments of the route, or the like, are within the
field of view of the camera.
[0182] In one embodiment, a method (e.g., for exam-
ining a route) includes obtaining image data of a field of
view of a camera disposed onboard a first vehicle as the
first vehicle moves along a first route, and autonomously
examining the image data onboard the first vehicle to
identify one or more of a feature of interest or a desig-
nated object.
[0183] In one aspect, the feature of interest is a gauge
distance between two or more portions of the first route,
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and autonomously examining the image data includes
determining one or more changes in the gauge distance.
[0184] In one aspect, the method also includes identi-
fying a segment of the first route as being damaged re-
sponsive to the one or more changes in the gauge dis-
tance indicating one or more of an increasing trend and
a decreasing trend subsequent to the increasing trend,
and/or the decreasing trend and the increasing trend sub-
sequent to the decreasing trend.
[0185] In one aspect, the segment of the first route is
identified as being damaged responsive to the increasing
trend occurring over at least one or more of a first des-
ignated time or a first designated distance and the de-
creasing trend also occurring over at least one or more
of a second designated time or a second designated dis-
tance.
[0186] In one aspect, the segment of the first route is
identified as being damaged responsive to the one or
more of the first designated time or distance and the one
or more of the second designated time or distance being
within at least one of an outer designated time limit or an
outer designated distance limit.
[0187] In one aspect, the designated object is a sign,
and the method also includes determining a location of
the sign, and autonomously examining the image data
to determine information displayed on the sign.
[0188] In one aspect, the method also includes storing
the location of the sign and the information displayed on
the sign in a memory structure configured to be used by
at least one of the first vehicle or one or more second
vehicles to automatically control operations of the at least
one of the first vehicle or the one or more second vehicles.
[0189] In one aspect, the designated object is a way-
side asset, and autonomously examining the image data
includes determining that the wayside asset is one or
more of damaged, missing, or malfunctioning based at
least in part on the image data.
[0190] In one aspect, the designated object is safety
equipment located at a crossing between the first route
being traveled by the first vehicle and a second route,
and autonomously examining the image data includes
determining that one or more of a gate of the safety equip-
ment has not moved to block movement of one or more
second vehicles through the crossing along the second
route, and/or a light signal of the safety equipment is not
activated, and/or a sign of the safety equipment is at least
one of missing or damaged.
[0191] In another embodiment, a system (e.g., a route
examination system) includes one or more image anal-
ysis processors configured to be disposed onboard a first
vehicle as the first vehicle moves along a first route. The
one or more image analysis processors also are config-
ured to obtain image data of a field of view of a camera
disposed onboard the first vehicle and to autonomously
examine the image data onboard the first vehicle to iden-
tify one or more of a feature of interest or a designated
object.
[0192] In one aspect, the feature of interest is a gauge

distance between two or more portions of the first route,
and the one or more image analysis processors are con-
figured to autonomously determine one or more changes
in the gauge distance.
[0193] In one aspect, the one or more image analysis
processors are configured to identify a segment of the
first route as being damaged responsive to the one or
more changes in the gauge distance indicating one or
more of an increasing trend and a decreasing trend sub-
sequent to the increasing trend, and/or the decreasing
trend and the increasing trend subsequent to the de-
creasing trend.
[0194] In one aspect, the one or more image analysis
processors are configured to identify the segment of the
first route as being damaged responsive to the increasing
trend occurring over at least one or more of a first des-
ignated time or a first designated distance and the de-
creasing trend also occurring over at least one or more
of a second designated time or a second designated dis-
tance.
[0195] In one aspect, the one or more image analysis
processors are configured to identify the segment of the
first route as being damaged responsive to the one or
more of the first designated time or distance and the one
or more of the second designated time or distance being
within at least one of an outer designated time limit or an
outer designated distance limit.
[0196] In one aspect, the designated object is a sign,
and the one or more image analysis processors are con-
figured to determine a location of the sign, autonomously
examine the image data to determine information dis-
played on the sign, and store the location of the sign and
the information displayed on the sign in a memory struc-
ture configured to be used by at least one of the first
vehicle or one or more second vehicles to automatically
control operations of the at least one of the first vehicle
or the one or more second vehicles.
[0197] In one aspect, the designated object is a way-
side asset, and the one or more image analysis proces-
sors are configured to autonomously determine that the
wayside asset is one or more of damaged, missing, or
malfunctioning based at least in part on the image data.
[0198] In one aspect, the designated object is safety
equipment located at a crossing between the first route
being traveled by the first vehicle and a second route,
and the one or more image analysis processors are con-
figured to autonomously determine that one or more of:
a gate of the safety equipment has not moved to block
movement of one or more second vehicles through the
crossing along the second route, or a light signal of the
safety equipment is not activated, or a sign of the safety
equipment is at least one of missing or damaged.
[0199] In another embodiment, another method (e.g.,
for examining a route) includes examining image data of
a track having plural rails. The image data can be ob-
tained from a camera onboard a vehicle moving along
the track. The method also includes determining gauge
distances of the track based at least in part on the image
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data, and identifying a segment of the track as having
one or more damaged rails based on trends in the gauge
distances of the track.
[0200] In one aspect, identifying the segment of the
track as having one or more damaged rails includes iden-
tifying a first trend in the gauge distances and an opposite
second trend in the gauge distances subsequent to the
first trend.
[0201] In one aspect, identifying the segment of the
track as having one or more damaged rails occurs re-
sponsive to determining that the first trend and the sec-
ond trend each occur over at least one or more of a des-
ignated time or distance.
[0202] Components of the systems described herein
may include or represent hardware circuits or circuitry
that include and/or are connected with one or more proc-
essors, such as one or more computer microprocessors.
The operations of the methods described herein and the
systems can be sufficiently complex such that the oper-
ations cannot be mentally performed by an average hu-
man being or a person of ordinary skill in the art within a
commercially reasonable time period. For example, the
examination of the image data may take into account a
large amount of information, may rely on relatively com-
plex computations, and the like, such that such a person
cannot complete the examination of the image data within
a commercially reasonable time period to control the ve-
hicle based on the examination of the image data. The
hardware circuits and/or processors of the systems de-
scribed herein may be used to significantly reduce the
time needed to obtain and examine the image data such
that the image data can be examined and damaged por-
tions of a route can be identified within safe and/or com-
mercially reasonable time periods.
[0203] As used herein, a structure, limitation, or ele-
ment that is "configured to" perform a task or operation
is particularly structurally formed, constructed, pro-
grammed, or adapted in a manner corresponding to the
task or operation. For purposes of clarity and the avoid-
ance of doubt, an object that is merely capable of being
modified to perform the task or operation is not "config-
ured to" perform the task or operation as used herein.
Instead, the use of "configured to" as used herein denotes
structural adaptations or characteristics, programming of
the structure or element to perform the corresponding
task or operation in a manner that is different from an
"off-the-shelf’ structure or element that is not pro-
grammed to perform the task or operation, and/or de-
notes structural requirements of any structure, limitation,
or element that is described as being "configured
to" perform the task or operation.
[0204] It is to be understood that the above description
is intended to be illustrative, and not restrictive. For ex-
ample, the above-described embodiments (and/or as-
pects thereof) may be used in combination with each
other. In addition, many modifications may be made to
adapt a particular situation or material to the teachings
of the inventive subject matter without departing from its

scope. While the dimensions and types of materials de-
scribed herein are intended to define the parameters of
the inventive subject matter, they are by no means lim-
iting and are exemplary embodiments. Many other em-
bodiments will be apparent to one of ordinary skill in the
art upon reviewing the above description. The scope of
the inventive subject matter should, therefore, be deter-
mined with reference to the appended clauses, along with
the full scope of equivalents to which such clauses are
entitled. In the appended clauses, the terms "including"
and "in which" are used as the plain-English equivalents
of the respective terms "comprising" and "wherein."
Moreover, in the following clauses, the terms "first," "sec-
ond," and "third," etc. are used merely as labels, and are
not intended to impose numerical requirements on their
objects. Further, the limitations of the following clauses
are not written in means-plus-function format and are not
intended to be interpreted based on 35 U.S.C. § 112(f),
unless and until such clause limitations expressly use
the phrase "means for" followed by a statement of func-
tion void of further structure.
[0205] This written description uses examples to dis-
close several embodiments of the inventive subject mat-
ter and also to enable a person of ordinary skill in the art
to practice the embodiments of the inventive subject mat-
ter, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the inventive subject matter may include
other examples that occur to those of ordinary skill in the
art. Such other examples are intended to be within the
scope of the clauses if they have structural elements that
do not differ from the literal language of the clauses, or
if they include equivalent structural elements with insub-
stantial differences from the literal languages of the
clauses.
[0206] The foregoing description of certain embodi-
ments of the inventive subject matter will be better un-
derstood when read in conjunction with the appended
drawings. To the extent that the figures illustrate dia-
grams of the functional blocks of various embodiments,
the functional blocks are not necessarily indicative of the
division between hardware circuitry. Thus, for example,
one or more of the functional blocks (for example, proc-
essors or memories) may be implemented in a single
piece of hardware (for example, a general purpose signal
processor, microcontroller, random access memory,
hard disk, and the like). Similarly, the programs may be
stand-alone programs, may be incorporated as subrou-
tines in an operating system, may be functions in an in-
stalled software package, and the like. The various em-
bodiments are not limited to the arrangements and in-
strumentality shown in the drawings.
[0207] As used herein, an element or step recited in
the singular and proceeded with the word "a" or "an"
should be understood as not excluding plural of said el-
ements or steps, unless such exclusion is explicitly stat-
ed. Furthermore, references to "an embodiment" or "one
embodiment" of the inventive subject matter are not in-
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tended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the con-
trary, embodiments "comprising," "including," or "having"
an element or a plurality of elements having a particular
property may include additional such elements not hav-
ing that property.

Claims

1. A method for examining a route, the method com-
prising:

obtaining image data of a field of view (108, 110)
of a camera (106; 1606) disposed onboard a
first vehicle (102; 1602) as the first vehicle (102;
1602) moves along a first route (120; 1620);
autonomously examining the image data on-
board the first vehicle (102) to identify a gauge
distance (500) between two or more portions of
the first route (120; 1620), and autonomously
examining the image data includes determining
one or more changes in the gauge distance
(500); characterised in that the method com-
prises the step of identifying a segment of the
first route (120; 1620) as being damaged re-
sponsive to the one or more changes in the
gauge distance (500) indicating one or more of:

an increasing trend and a decreasing trend
subsequent to the increasing trend, or
a decreasing trend and an increasing trend
subsequent to the decreasing trend.

2. The method of claim 1, wherein the segment of the
first route (120; 1620) is identified as being damaged
responsive to the increasing trend occurring over at
least one or more of a first designated time or a first
designated distance and the decreasing trend also
occurring over at least one or more of a second des-
ignated time or a second designated distance.

3. The method of claim 1 or claim 2, wherein the seg-
ment of the first route (120; 1620) is identified as
being damaged responsive to the one or more of the
first designated time or distance and the one or more
of the second designated time or distance being with-
in at least one of an outer designated time limit or an
outer designated distance limit.

4. A route examining system (100; 1600) comprising:

one or more image analysis processors (116;
1616) configured to be disposed onboard a first
vehicle (102; 1602) as the first vehicle (102;
1602) moves along a first route (120; 1620), the
one or more image analysis processors (116;

1616) also configured to obtain image data of a
field of view (108, 110) of a camera (106; 1606)
disposed onboard the first vehicle (102; 1602)
and to autonomously examine the image data
onboard the first vehicle (102; 1602) to identify
a gauge distance (500) between two or more
portions of the first route (120; 1620), and the
one or more image analysis processors (116;
1616) are configured to autonomously deter-
mine one or more changes in the gauge distance
(500); characterised in that the one or more
image analysis processors (116; 1616) are con-
figured to identify a segment of the first route
(120; 1620) as being damaged responsive to
the one or more changes in the gauge distance
(500) indicating one or more of:

an increasing trend and a decreasing trend
subsequent to the increasing trend, or
a decreasing trend and an increasing trend
subsequent to the decreasing trend.

Patentansprüche

1. Verfahren zum Untersuchen einer Wegstrecke, wo-
bei das Verfahren Folgendes umfasst:

Erhalten von Bilddaten eines Sichtfelds (108,
110) einer Kamera (106, 1606), die in einem ers-
ten Fahrzeug (102, 1602) eingebaut ist, wäh-
rend sich das erste Fahrzeug (102, 1602) ent-
lang einer ersten Wegstrecke (120, 1620) be-
wegt;
Autonomes Untersuchen der Bilddaten, in dem
Fahrzeug (102), um einen Spurweitenabstand
(500) zwischen zwei oder mehreren Abschnitten
der ersten Wegstrecke (120, 1620) zu identifi-
zieren, wobei das autonome Untersuchen der
Bilddaten das Bestimmen einer oder mehrere
Änderungen des Spurweitenabstands (500)
einschließt; dadurch gekennzeichnet, dass
das Verfahren den folgenden Schritt umfasst:

Identifizieren eines Segments der ersten
Wegstrecke (120, 1620) als beschädigt, in
Reaktion auf die eine oder die mehreren Än-
derungen des Spurweitenabstands (500),
die eines oder mehreres von Folgendem
angeben:

einen steigenden Verlauf und einen ab-
nehmenden Verlauf, der dem steigen-
den Verlauf folgt, oder
einen abnehmenden Verlauf und einen
steigenden Verlauf, der dem abneh-
menden Verlauf folgt.
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2. Verfahren nach Anspruch 1, wobei das Segment der
ersten Wegstrecke (120, 1620) als beschädigt iden-
tifiziert ist, in Reaktion auf den steigenden Verlauf,
der während einer oder mehreren einer ersten fest-
gelegten Zeit oder einer ersten festgelegten Distanz
auftritt, und den abnehmenden Verlauf, der auch
während einer oder mehrerer einer zweiten festge-
legten Zeit oder einer zweiten festgelegten Distanz
auftritt.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei
das Segment der ersten Wegstrecke (120, 1620) als
beschädigt identifiziert ist, in Reaktion auf die eine
oder die mehreren der ersten festgelegten Zeit oder
Distanz und die eine oder die mehreren der zweiten
festgelegten Zeit oder Distanz, die innerhalb min-
destens einer einer maximalen festgelegten Zeit
oder einer maximalen festgelegten Distanz liegen.

4. Wegstreckenuntersuchungssystem (100, 1600),
das Folgendes umfasst:

einen oder mehrere Bildanalyseprozessoren
(116, 1616), die dazu ausgelegt sind, in einem
ersten Fahrzeug (102, 1602) eingebaut zu sein,
während sich das erste Fahrzeug (102, 1602)
entlang einer ersten Wegstrecke (120, 1620)
bewegt, wobei der eine oder die mehreren Bil-
danalyseprozessoren (116, 1616) ferner dazu
ausgelegt sind, Bilddaten eines Sichtfelds (108,
110) einer Kamera (106, 1606), die in dem ers-
ten Fahrzeug (102, 1602) eingebaut ist, zu er-
halten, und die Bilddaten in dem ersten Fahr-
zeug (102, 1602) autonom zu untersuchen, um
einen Spurweitenabstand (500) zwischen zwei
oder mehreren Abschnitten der ersten Wegstre-
cke (120, 1620) zu identifizieren, wobei der eine
oder die mehreren Bildanalyseprozessoren
(116, 1616) dazu ausgelegt sind, eine oder meh-
rere Änderungen des Spurweitenabstands
(500) autonom zu bestimmen, dadurch ge-
kennzeichnet, dass
der eine oder die mehreren Bildanalyseprozes-
soren (116, 1616) dazu ausgelegt sind, ein Seg-
ment der ersten Wegstrecke (120, 1620) als be-
schädigt zu identifizieren, in Reaktion auf die ei-
ne oder die mehreren Änderungen des Spurwei-
tenabstands (500), die eines oder mehreres von
Folgendem angeben:

einen steigenden Verlauf und einen abneh-
menden Verlauf, der dem steigenden Ver-
lauf folgt, oder
einen abnehmenden Verlauf und einen stei-
genden Verlauf, der dem abnehmenden
Verlauf folgt.

Revendications

1. Procédé d’examen d’un trajet, le procédé
comprenant :

l’obtention de données d’images d’un champ de
vision (108, 110) d’une caméra (106 ; 1606) dis-
posée à bord d’un premier véhicule (102 ; 1602)
lorsque le premier véhicule (102 ; 1602) se dé-
place le long d’un premier trajet (120 ; 1620) ;
l’examen autonome des données d’images à
bord du premier véhicule (102) pour identifier
une distance de jauge (500) entre deux ou plu-
sieurs parties du premier trajet (120 ; 1620),
l’examen autonome des données d’images
comprenant la détermination d’un ou plusieurs
changements de la distance de jauge (500) ; ca-
ractérisé en ce que le procédé comprend l’éta-
pe consistant à :

identifier un segment du premier trajet
(120 ; 1620) comme étant endommagé à la
suite des un ou plusieurs changements de
la distance de jauge (500) indiquant une ou
plusieurs des tendances suivantes :

une tendance croissante et une ten-
dance décroissante à la suite de la ten-
dance croissante ou
une tendance décroissante et une ten-
dance croissante à la suite de la ten-
dance décroissante.

2. Procédé selon la revendication 1, dans lequel le seg-
ment du premier trajet (120 ; 1620) est identifié com-
me étant endommagé à la suite de la tendance crois-
sante qui se produit sur au moins un(e) ou plusieurs
d’un premier temps désigné ou d’une première dis-
tance désignée et de la tendance décroissante qui
se produit également sur au moins un(e) ou plusieurs
d’un second temps désigné ou d’une seconde dis-
tance désignée.

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel le segment du premier trajet (120 ;
1620) est identifié comme étant endommagé à la
suite du un (de la une) ou plusieurs du premier temps
désigné ou de la première distance désignée et du
un (de la une) ou plusieurs du second temps désigné
ou de la seconde distance désignée qui se situe dans
au moins l’une d’une limite de temps désigné externe
ou d’une limite de distance désignée externe.

4. Système d’examen de trajet (100 ; 1600)
comprenant :

un ou plusieurs processeurs d’analyse d’images
(116; 1616) configurés pour être disposés à bord
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d’un premier véhicule (102 ; 1602) lorsque le
premier véhicule (102 ; 1602) se déplace le long
d’un premier trajet (120; 1620), les un ou plu-
sieurs processeurs d’analyse d’images (116 ;
1616) étant également configurés pour obtenir
des données d’images d’un champ de vision
(108 ; 110) d’une caméra (106 ; 1606) disposée
à bord du premier véhicule (102 ; 1602) et pour
examiner de manière autonome les données
d’images à bord du premier véhicule (102 ;
1602) pour identifier une distance de jauge (500)
entre deux ou plusieurs parties du premier trajet
(120 ; 1620) et les un ou plusieurs processeurs
d’analyse d’images (116 ; 1616) sont configurés
pour déterminer de manière autonome un ou
plusieurs changements de la distance de jauge
(500) ; caractérisé en ce que :

les un ou plusieurs processeurs d’analyse
d’images (116 ; 1616) sont configurés pour
identifier un segment du premier trajet
(120 ; 1620) comme étant endommagé à la
suite des un ou plusieurs changements de
la distance de jauge (500) indiquant une ou
plusieurs des tendances suivantes :

une tendance croissante et une ten-
dance décroissante à la suite de la ten-
dance croissante ou
une tendance décroissante et une ten-
dance croissante à la suite de la ten-
dance décroissante.
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