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(57) ABSTRACT

A solution for further automating the identification, process-
ing, and/or routing of rail vehicles is provided. Each indi-
vidual rail vehicle in a series of rail vehicles is identified and
measurement data is acquired for the rail vehicle. The mea-
surement data is analyzed and the rail vehicle is automatically
routed based on the analysis. The rail vehicle can be routed to
an outbound track based on a destination, to a maintenance
shop for repair, and/or to a local track for repair and/or re-
measurement. The solution can further incorporate expert
systems and data mining to reduce the number of rail vehicles
that are unnecessarily routed for repair and/or inadvertently
allowed to pass with one or more unsafe conditions.
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RAIL VEHICLE IDENTIFICATION AND
PROCESSING

REFERENCE TO PRIOR APPLICATIONS

[0001] The current application claims the benefit of co-
pending U.S. Provisional Application No. 60/935,575, titled
“Description of a system, method, and device for safety and
maintenance of rolling stock in a ‘hump yard’ or other cen-
tralized railway environments”, which was filed on 20 Aug.
2007, and which is hereby incorporated by reference. Aspects
of'the disclosure are related to U.S. Utility patent application
Ser. No. 12/043,357, titled “Rail vehicle Identification and
processing”, which was filed on 6 Mar. 2008, and which is
hereby incorporated by reference.

TECHNICAL FIELD

[0002] The disclosure relates generally to processing rail
vehicles, and more particularly, to identifying, acquiring data
for, and processing individual rail vehicles.

BACKGROUND ART

[0003] During use, railroad wheels are subjected to high,
long-term stresses. Despite being made of high-quality steel,
the stresses cause the wheels to become worn over a long
period of operation. Without maintenance, a wheel can
become too thin or otherwise no longer of the correct geom-
etry. Further, the wheels may develop other defects, such as,
for example, a “slid flat” or “flat spot”, which is caused by
locking the wheels with the brakes in an attempt to stop.
[0004] The wheels of railroad cars and locomotives cannot
turn differentially since they are affixed to solid axles. As a
result, any difference between the shape and/or size of the
wheels on either side of a car/locomotive can cause a ten-
dency to turn, leading to an increased possibility of derail-
ment. Therefore, it is important to periodically inspect the
wheels on railroad cars and locomotives to ensure that they
remain safe to operate, both as an individual wheel and as a
pair of wheels on the same axle.

[0005] The use of a J-shaped, steel wheel gauge is a com-
mon approach to inspecting rail wheels. In this approach, an
inspector manually places the gauge on the wheel, ensures
contact with all relevant portions of the wheel, reads the
measurements from marked scales on the gauge, and manu-
ally enters the data. Similarly, an electronic wheel gauge can
be used, which performs some of the functions automatically,
thereby improving accuracy and reducing the overall time
spent measuring the wheels. Various illustrative embodi-
ments of handheld electronic wheel gauges are shown and
described in U.S. Pat. No. 4,904,939, U.S. Patent Application
Publication No. 2005/0259273, and U.S. Patent Application
Publication No. 2007/0075192, each of which is incorporated
by reference. In both approaches, the inspection is carried out
by hand, on one wheel at a time, on a stationary train. To
address this limitation, a number of approaches seek to mea-
sure rolling stock wheels while they are in motion, detect
various defects through the measurements, and record the
associated data in an automated fashion. Various illustrative
embodiments of such measurement solutions are shown and
describedin U.S. Pat. No. 5,636,026, U.S. Pat. No. 6,768,551,
U.S. Pat. No. 6,523,411, and U.S. Patent Application Publi-
cation No. 2007/0064244, each of which is incorporated by
reference.
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[0006] Frequently, rail wheels are inspected at a classifica-
tion yard (e.g., hump yard, flat-shunted yard, gravity yard,
and/or the like). For example, an incoming train may be
halted while one or more cars are manually inspected. Often,
due to time constraints, only a few cars are actually inspected
and/or the inspection is only cursory (e.g., visual inspection).
Subsequently, the cars on the incoming train are classified and
routed to corresponding tracks for inclusion on an outgoing
train. The classification is performed based on a destination
foreach car. Once an outgoing train is assembled, one or more
cars may be manually (e.g., visually) inspected along with an
inspection of the brakes for the train. Subsequently, the train
will leave the classification yard for the next destination.

SUMMARY OF THE INVENTION

[0007] The inventors recognize, among other things, aneed
for a solution that improves and/or provides the detection of
various flaws that are important to the railroad industry and/or
provides a coordinated solution for assuring that any defects
detected from measured wheels are addressed in a timely and
appropriate manner. This need and/or other needs not
expressly discussed herein, are met by embodiments of the
solution described herein. To this extent, this disclosure
describes a management solution in which the overall design
enables the proper and timely maintenance of rolling stock
(e.g., locomotives, railroad cars, wagons, coaches, etc.). Fur-
ther, this disclosure discusses various measurement and/or
evaluation solutions from one or more of which the manage-
ment solution can obtain accurate and sufficient data for
performing the maintenance in a timely and effective manner.
[0008] Aspects of the invention provide a solution for fur-
ther automating the identification and processing of rail
vehicles. Each individual rail vehicle in a series of rail
vehicles is identified and data is acquired for the rail vehicle.
Identification of each rail vehicle can be implemented using a
set of electromagnetic beams that are emitted and detected
across a set of rails in such a manner as to enable the reliable
identification of individual rail vehicles. Data acquisition for
the rail vehicles can include evaluation of one or more parts of
the rail vehicle, particularly the rail wheels, for the presence
of one or more defects. Data on the part(s), such as rail
wheels, can be reliably assigned to a corresponding rail
vehicle by also accounting for changes in the direction of
movement of the rail vehicle in locations such as a classifi-
cation yard.

[0009] A first aspect of the invention provides a method of
processing rail vehicles, the method comprising: identifying
each individual rail vehicle as a plurality of attached rail
vehicles move along a set of rails using data acquired by at
least one sensing device; acquiring measurement data for
each identified rail vehicle as it moves along the set of rails
from at least one sensing device; analyzing the measurement
data for each identified rail vehicle; and automatically routing
each identified rail vehicle based on the analyzing.

[0010] A second aspect of the invention provides a system
for processing rail vehicles, the system comprising: at least
one sensing device configured to acquire data as a plurality of
attached rail vehicles move along a set of rails; a component
configured to identify each individual rail vehicle in the plu-
rality of attached rail vehicles using the data acquired by the
at least one sensing device; a component configured to ana-
lyze measurement data acquired by the at least one sensing
device for each identified rail vehicle; and a component con-
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figured to automatically route each identified rail vehicle
based on the analyzed measurement data.

[0011] A third aspect of the invention provides a method of
generating a system for processing rail vehicles, the method
comprising: providing a computer system operable to: iden-
tify each individual rail vehicle as a plurality of attached rail
vehicles move along a set of rails using data acquired by at
least one sensing device; acquire measurement data for each
identified rail vehicle as it moves along the set of rails from at
least one sensing device; analyze the measurement data for
each identified rail vehicle; and automatically route each
identified rail vehicle based on the analyzing.

[0012] A fourth aspect of the invention provides a method
of processing rail vehicles, the method comprising: identify-
ing each individual rail vehicle as a plurality of attached rail
vehicles move along a set of rails using data acquired by at
least one sensing device; and automatically routing each iden-
tified rail vehicle to an outbound track based on a destination
for the rail vehicle, wherein the automatically routing
includes detaching a first rail vehicle from a second rail
vehicle using a robotic device.

[0013] A fifth aspect of the invention provides a system for
processing rail vehicles, the system comprising: at least one
sensing device configured to acquire data as a plurality of
attached rail vehicles move along a set of rails; a component
configured to identify each individual rail vehicle in the plu-
rality of attached rail vehicles using the data acquired by the
at least one sensing device; and a component configured to
automatically route each identified rail vehicle to an out-
bound track based on a destination for the rail vehicle,
wherein the component configured to automatically route
includes a robotic device configured to detach a first rail
vehicle from a second rail vehicle in the plurality of attached
rail vehicles.

[0014] A sixth aspect of the invention provides a method of
generating a system for processing rail vehicles, the method
comprising: providing a computer system operable to: iden-
tify each individual rail vehicle as a plurality of attached rail
vehicles move along a set of rails using data acquired by at
least one sensing device; and automatically route each iden-
tified rail vehicle to an outbound track based on a destination
for the rail vehicle, wherein the automatically routing
includes detaching a first rail vehicle from a second rail
vehicle using a robotic device.

[0015] Otheraspects ofthe invention provide methods, sys-
tems, program products, and methods of using and generating
each, which include and/or implement some or all of the
actions described herein. The illustrative aspects of the inven-
tion are designed to solve one or more of the problems herein
described and/or one or more other problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other features of the disclosure will be
more readily understood from the following detailed descrip-
tion of the various aspects of the invention taken in conjunc-
tion with the accompanying drawings that depict various
aspects of the invention.

[0017] FIG. 1 shows an illustrative simplified diagram of a
classification yard according to an embodiment.

[0018] FIG. 2 shows additional details of an illustrative
processing system according to an embodiment.

[0019] FIG. 3 shows an illustrative wayside measurement
component as rolling stock moves past according to an
embodiment.
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[0020] FIG. 4 shows more detailed top, front, and side
views of an illustrative vehicle sensing module according to
an embodiment.

[0021] FIG. 5 shows operation of an illustrative wheel sens-
ing module according to an embodiment.

[0022] FIG. 6 shows an illustrative solution for measuring a
diameter of a rail wheel using a single camera according to an
embodiment.

[0023] FIG. 7 shows an illustrative solution for acquiring
image data of a rail wheel according to an embodiment.
[0024] FIG. 8 shows another illustrative solution for acquir-
ing image data of a rail wheel according to an embodiment.
[0025] FIG. 9 shows side and front views of an illustrative
solution for illuminating a tread surface of a rail wheel with
lines according to an embodiment.

[0026] FIG. 10 shows side and front views of another illus-
trative solution for illuminating a tread surface of a rail wheel
with lines according to an embodiment.

[0027] FIG. 11 shows side and top views of an illustrative
rail-based robotic device according to an embodiment.
[0028] FIG. 12 shows an illustrative coupling mechanism,
which is commonly incorporated to couple rail vehicles,
according to an embodiment.

[0029] FIGS. 13A-D show operation of an illustrative
manipulator according to an embodiment.

[0030] FIGS. 14A-D show operation of another illustrative
manipulator according to an embodiment.

[0031] FIG. 15 shows an illustrative process for processing
rail vehicles through a classification yard according to an
embodiment.

[0032] FIG. 16 shows an illustrative process that illustrates
interaction between a routing component and an inspection
component according to an embodiment.

[0033] FIG. 17 shows an illustrative process for forecasting
maintenance requirements according to an embodiment.
[0034] It is noted that the drawings are not to scale. The
drawings are intended to depict only typical aspects of the
invention, and therefore should not be considered as limiting
the scope of the invention. In the drawings, like numbering
represents like elements between the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Asindicated above, aspects of the invention provide
a solution for further automating the identification and pro-
cessing of rail vehicles. Each individual rail vehicle in a series
of rail vehicles is identified and data is acquired for the rail
vehicle. Identification of each rail vehicle can be imple-
mented using a set of electromagnetic beams that are emitted
and detected across a set of rails in such a manner as to enable
the reliable identification of individual rail vehicles. Data
acquisition for the rail vehicles can include evaluation of one
or more parts of the rail vehicle, particularly the rail wheels,
for the presence of one or more defects. Data on the part(s),
such as rail wheels, can be reliably assigned to a correspond-
ing rail vehicle by also accounting for changes in the direction
of movement of the rail vehicle in locations such as a classi-
fication yard. As used herein, unless otherwise noted, the term
“set” means one or more (i.e., at least one) and the phrase “any
solution” means any now known or later developed solution.
[0036] In an illustrative application, which is used to
describe aspects of the invention herein, a classification yard
includes a system for evaluating rolling stock in each of many
consists (e.g., one or more connected rail vehicles) of rolling
stock. The system can route any rolling stock that is evaluated
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as including one or more designated defects to a maintenance
area, which can address the defect(s) before allowing the
rolling stock to be included on a train that is sent out to various
destinations for delivery. In this manner, the system can
improve: safety by reducing a likelihood of an accident in
which one or more of the defects is a contributing cause;
efficiency by removing defects that can lead to increased
energy expenditure during operation; and/or the like.

[0037] FIG. 1 shows an illustrative simplified diagram of a
classification yard 10 according to an embodiment. Classifi-
cation yard 10 includes a number of consist assembly tracks
12 that feed into a single rail line 14. All rail traffic passing
through classification yard 10, apart from through traffic,
passes along rail line 14. Rail line 14 then diverges into
multiple outbound tracks 16. Rolling stock evaluated as hav-
ing defect(s) that require service is/are routed to a dedicated
set of maintenance tracks 18.

[0038] Classification yard 10 includes a processing system
20, which can evaluate the rolling stock for the presence of
one or more defects and route the rolling stock based on the
defect(s) and/or its destination. To this extent, processing
system 20 is shown including an evaluation component 22
that automatically acquires measurement data and evaluates
various aspects of the rolling stock as it travels along rail line
14. Evaluation component 22 can provide measurement and/
or evaluation data to a management component 24, which can
route the rolling stock accordingly. Management component
24 can include a computer system that aids in routing the
rolling stock (e.g., by designating a track, operating switches
to route the rolling stock to the track, and/or the like). A user
can be located in a control tower or the like, which can assist
the user in overseeing the operations of classification yard 10
while utilizing management component 24 in moving rolling
stock through classification yard 10. In this manner, classifi-
cation yard 10 permits a real-time assignment of good order
or bad order evaluation to all passing rolling stock, which
further enables more efficient processing of the rolling stock
through classification yard 10.

[0039] FIG. 2 shows additional details of an illustrative
processing system 20 according to an embodiment. In this
case, rolling stock moves along rail line 14 on rail wheels 2.
As wheels 2 move along rail line 14, a wayside measurement
component 26 senses and measures various aspects of wheels
2 using any solution. To this extent, wayside measurement
component 26 can include any combination of various forms
of sensors, illuminating devices, data-gathering subsystems,
and/or communications devices. Wayside measurement com-
ponent 26 transfers data on wheels 2 for use by management
component 24. In an embodiment, wayside measurement
component 26 acquires the measurement data, evaluates
wheels 2 for the presence of one or more defects, and provides
the measurement and/or evaluation data for use by manage-
ment component 24. Alternatively, wayside measurement
component 26 can provide measurement data for wheels 2 for
use by management component 24, which evaluates the mea-
surement data for the presence of one or more defects in
wheels 2. In any event, wayside measurement component 26
can process, such as filter, enhance, compress, and/or the like,
the measurement data prior to providing the measurement
data for use by management component 24. Further, while
only a single wayside measurement component 26 is shown,
it is understood that processing system 20 can include any
number and configuration of wayside measurement compo-
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nents 26, which are located adjacent to tracks in any part of
classification yard 10 (FIG. 1).

[0040] Management component 24 includes a central data
processing and storage unit 28, which receives and stores the
data acquired by wayside measurement component(s) 26.
While shown as a single computing device, it is understood
that central data processing and storage unit 28 can comprise
multiple computing devices configured in any manner (e.g.,
one for each wayside measurement component 26) and in
communication with one another using any solution. In any
event, central data processing and storage unit 28 can process
the data received from wayside measurement component(s)
26 to determine whether any of the wheels 2 on the rolling
stock moving along rail line 14 require maintenance.

[0041] In an embodiment, processing system 20 evaluates
the wheels 2 of all passing rolling stock for the presence of
one or more defects. Further, processing system 20 can auto-
matically identify each passing rolling stock and identify a
location on that rolling stock of the defective wheel(s) 2, if
any. To this extent, central data processing and storage unit 28
can manage a defect database that includes an identity of the
rolling stock having one or more defects and each specific
part defect and its location (e.g., wheel on the rolling stock).
Central data processing and storage unit 28 can make the
defect database available to maintenance/service (shop) per-
sonnel whose job it is to verity and/or repair the defects. Once
repaired or evaluated as a false positive, the maintenance
personnel can update the defect database and route the rolling
stock according to its destination.

[0042] To this extent, central data processing and storage
unit 28 can communicate with one or more other computer
systems located at classification yard 10 (FIG. 1) and/or
remote from classification yard 10. For example, manage-
ment component 24 can include a physical network (e.g.,
Ethernet, Firewire, USB, and/or the like) that includes various
terminal devices 30A-C (e.g, personal computers) located
throughout classification yard 10 (e.g., at a maintenance
shop). Terminal devices 30A-C can receive data from central
data processing and storage unit 28 (e.g., maintenance
requirements) and provide data to central data processing and
storage unit 28 (e.g., status of maintenance) using any solu-
tion. Similarly, a wireless access point 32 can be included to
provide wireless connectivity to various portable computing
devices 34 A-C that are utilized throughout classification yard
10. Portable computing devices 34A-C can include a wireless
personal digital assistant (PDA) 34 A, a laptop computer 34B,
a wireless electronic wheel gauge 34C, each of which can be
utilized to receive and/or provide data from/to central data
processing and storage unit 28. Still further, central data pro-
cessing and storage unit 28 and/or a data server 36 (e.g., a web
server) can provide access to some or all of the data on central
data processing and storage unit 28 to one or more computer
systems (e.g., railroad headquarters) remote from classifica-
tion yard 10 via a public or private network, such as the world
wide web.

[0043] Processing system 20 can automatically evaluate
the condition of rolling stock and the parts thereof with
respect to various parameters that are capable of being sensed
using any solution. For example, the parameters can include:
specific dimensions of a wheel (e.g., diameter, flange thick-
ness, flange height, etc.), which can be detected using any
combination of various illumination/sensing solutions; inter-
nal flaws (e.g., a crack), which can be detected using various
sensing solutions, such as ultrasonic, electromagnetic acous-
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tic transducer(s); external flaws (e.g., slid flats, out of round,
etc.), which also can be detected using any combination of
various illumination/sensing solutions; axle flaws (e.g., mis-
matched wheel diameters on an axle), which requires accu-
rate identification of paired wheels and their corresponding
measurements; and/or the like.

[0044] By automatically detecting and evaluating the roll-
ing stock for the presence of one or more defects, processing
system 20 can implement one or more additional functions.
For example, management component 24 can: automatically
route a vehicle that is evaluated as including one or more
defects to maintenance tracks 18 (FIG. 1) without requiring
additional human intervention; automatically prepare and/or
verify a work order for a vehicle (e.g., including a vehicle
identification, particular wheel(s) with defect(s), identifica-
tion of defect and/or severity of defect, etc.), and forward the
work order to the correct personnel (e.g., wheel shop) that
will perform the work; automatically upload potential prob-
lem cars/wheels to inspector(s) for further evaluation, thereby
providing an inspector with a schedule of his/her day’s work;
automatically update vehicle data based on further evaluation
(e.g., manual evaluation by an inspector using, for example, a
handheld gauge 34C); automatically update and accumulate a
maintenance history of wheel(s) and rolling stock, which can
comprise, for example: for each car, a time/type of inspection,
location of inspection, wheel/axle/vehicle identifier(s), spe-
cific track/direction of car, vehicle speed during inspection,
maintenance record, etc.; for each axle, an angle of attack, a
back-to-back measurement, etc.; and for each wheel, a rim
thickness, diameter, flange width, flange height, detected flaw
(s) and flaw data (e.g., how detected, certainty, etc.), etc.
Further, management component 24 can enable a user to
update a condition of a vehicle/vehicle part after repair,
update a part identifier (e.g., when a part is replaced), sched-
ule and/or route the repaired vehicle to an outbound track 16
(FIG. 1) based on its destination, etc.

[0045] In order to enable the automated/semi-automated
routing and re-routing of rolling stock, it is important to
accurately identify each individual rail vehicle in the rolling
stock as it moves along rail line 14. For example, when rail
wheels 2 are evaluated for the presence of one or more
defects, it is important to accurately identify the correspond-
ing rail vehicle on which a potentially defective wheel 2 is
located so that the correct rail vehicle is re-routed for main-
tenance. In an embodiment, an RFID tag is located on each
rail vehicle, and is read by wayside measurement component
26 as the rail vehicle passes using any solution. In another
embodiment, wayside measurement component 26 captures
and processes image data to identify each rail vehicle as it
passes using any solution. For example, wayside measure-
ment component 26 can perform segmentation, blob detec-
tion, template comparison, and/or the like on image data to
enumerate and identify rail vehicles. The decomposition and
analysis of images from video in this fashion makes it pos-
sible to detect, track, and identify objects of interest within a
video image stream. To this extent, an embodiment of way-
side measurement component 26 can implement one or more
aspects of the monitoring solution shown and described in
U.S. Patent Application Publication No. 2005/0258943,
which is incorporated by reference.

[0046] However, current implementations of each of these
identification approaches are limited to some degree. For
example, wayside measurement component 26 may fail to
activate/read an RFID tag, an RFID tag may not be present/
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functioning on a rail vehicle, and/or the like. In field obser-
vations, the inventors have found an error rate with RFID tags
of'approximately one percent or more, which is significant for
many applications. Similarly, the accuracy with which way-
side measurement component 26 can perform image data
processing may be susceptible to various environmental con-
ditions (e.g., fog, night vs. day, obstructions, etc.), the speed
of the rail vehicles, etc. Still further, manual solutions are
susceptible to operator inattentiveness and human error.
[0047] For this purpose, it is preferable to have a self-
contained identification solution that can detect the passage
of all forms of rail vehicles. Additionally, the identification
solution can self-diagnose to assure that it remains opera-
tional. To this extent, FIG. 3 shows an illustrative wayside
measurement component 26 as rolling stock (rail vehicles
4A-C) moves past according to an embodiment. Wayside
measurement component 26 is shown including a vehicle
sensing module 40, a wheel sensing module 42, wheel mea-
surement modules 44, and an RFID reader module 46.
[0048] In general, as rolling stock, which includes one or
more rail vehicles 4A-C, moves toward wayside measure-
ment component 26, a start of a rail vehicle 4A is detected by
vehicle sensing module 40, and wayside measurement com-
ponent 26 can assign a unique identifier to the rail vehicle 4A,
which is utilized to manage all data collected for the rail
vehicle 4A using any solution. Atthis time, wayside measure-
ment component 26 can prepare one or more modules, such as
wheel measurement modules 44, for data acquisition (e.g.,
open protective doors, activate lasers or other energy-inten-
sive devices, etc.). Subsequently, wheel sensing module 42
detects the presence of a rail wheel and assigns the detected
rail wheel (wheel axle) to the currently detected vehicle 4A
using any solution. Wayside measurement component 26 also
can assign a unique (at least with respect to each vehicle)
identifier for each rail wheel/wheel axle detected for a corre-
sponding rail vehicle 4A using any solution. In any event,
wayside measurement component 26 will include measure-
ment and/or evaluation data acquired for each part, such as
rail wheel 2, in the data for the corresponding rail vehicle
4A-C using any solution.

[0049] As the rolling stock continues to move through way-
side measurement component 26, vehicle sensing module 40
will detect an end of rail vehicle 4 A and the start of rail vehicle
4B. As aresult, wheel sensing module 42 will begin to assign
each detected rail wheel to the next vehicle 4B, and a total
number of axles for rail vehicle 4A will be known. This
process continues for all rail vehicles 4A-C in the rolling
stock that pass through wayside measurement component 26.
In order to ensure proper operation between vehicle sensing
module 40 and rail wheel sensing module 42, it is understood
that the various devices should be co-located such that a rail
wheel for a previous rail vehicle, e.g., rail vehicle 4A, will not
be detected after vehicle sensing module 40 detects the begin-
ning of a subsequent rail vehicle, e.g., rail vehicle 4B.
[0050] In any event, as rail vehicles 4A-C move through
wayside measurement component 26, RFID reader module
46 can attempt to read RFID tag(s) that may be associated
with each rail vehicle 4A-C. If successful, the RFID data can
be stored with the other data for the corresponding rail vehicle
4A-C using any solution. Similarly, while not shown, wayside
measurement component 26 can incorporate other types of
sensing devices, such as an imaging device that is situated
such that it has a clear and normally unobstructed view of a
rail segment of interest, and which can capture and store
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visible, infrared, and/or the like, based image data for the rail
vehicles 4A-C as they move along the rail segment. Wayside
measurement component 26 can process the image data to
detect, identify, and/or track rail vehicles 4A-C, acquire addi-
tional data, such as markings (e.g., identification serial num-
bers/words), and/or the like, which can be utilized to verify
the identity, ownership, and general nature of the passing rail
vehicles 4A-C.

[0051] Further, vehicle sensing module 40, wheel sensing
module 42, and/or one or more other modules (e.g., an image
processing module) can be configured to obtain additional
data on rail vehicle 4A, such as its speed, direction of travel,
and/or the like. To this extent, using the speed and a known
distance of travel, wayside measurement component 26 can
calculate an approximate time at which the first wheels of rail
vehicle 4A will arrive at wheel measurement modules 44. In
this manner, wheel measurement modules 44 can begin
operations, such as illuminating an area through which rail
wheels will be imaged, in a just-in-time fashion. In any event,
once within measurement range, wheel measurement mod-
ules 44 can acquire measurement data for the rail wheels
using any solution, which wayside measurement component
26 can store with the remaining data for the corresponding
vehicle/axle/wheel. It is understood that while two wheel
measurement modules 44 are shown, wayside measurement
component 26 can include any number of zero or more such
measurement modules 44. Further, it is understood that each
measurement module 44 can comprise an in-ground system,
a wayside system, and/or the like, such as a wheel profiling
system, optical wheel flaw detection system, an EMAT wheel
flaw detection system, and/or the like.

[0052] In an embodiment, vehicle sensing module 40 uses
a set of electromagnetic beams that are emitted and detected
across the rail(s) on which the rail vehicles 4A-C are moving
to identify the beginning/end of each individual connected
rail vehicle 4A-C. With such a solution, the electromagnetic
beams should be configured in such a manner as to enable the
reliable detection of the beginning/end of all types of rail
vehicles, including empty flatbeds, regular freight cars,
tanker cars, etc. In particular, it is desirable to ensure either
that at least one electromagnetic beam path will be clear
whenever there is a separation between rail vehicles 4A-C
and that no electromagnetic beam path will remain clear
whenever a rail vehicle 4A-C of any design is passing through
vehicle sensing module 40, or that all electromagnetic beam
paths will be clear whenever there is a separation between rail
vehicles 4A-C and at least one electromagnetic beam path
will be blocked whenever a rail vehicle 4A-C of any design is
passing through vehicle sensing module 40.

[0053] As many rail vehicles 4A-C have hoses and other
accoutrements placed below them, and as the number of
wheels on rail vehicles 4A-C may vary (e.g., a tanker may
have eight axles, while a flatbed may have four), mounting the
emitter and detector at very low levels is not reliable. Further,
as the height of a flatbed car can be less than the support
structure for other rail vehicles 4A-C such as a tanker, mount-
ing the detectors at a moderately high level is also not reliable.
Placing the devices at a level of the lowest rail vehicles 4A-C
is also not practical, because the coupler assembly is at the
same level, which will also block the beams, resulting in a
failure to detect the transition between one rail vehicle 4A-C
and the next.

[0054] To this extent, FIG. 4 shows more detailed top, front,
and side views of an illustrative vehicle sensing module 40
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according to an embodiment. As illustrated, vehicle sensing
module 40 includes a first support 50A, e.g., a pole, on a first
side of the rails and a second support 50B on an opposite side
of'the rails. Each support 50A-B is shown including an emit-
ter 52A-B and a detector 54A-B, although it is understood
that any arrangement and number of one or more emitter/
detector pairs can be utilized. In operation, each emitter/
detector pair is configured such that the emitter 52A-B emits
a narrow focus electromagnetic beam 56A-B that directly
impinges the corresponding detector 54A-B on the opposite
side of the rails, which detects the electromagnetic beam
56A-B using any solution. In particular, emitter 52A emits
beam 56A, which is detected by detector 54 A, while emitter
52B emits beam 56B which is detected by detector 54B using
any solution. Each detector 54A-B can generate a different
signal/data based on whether the corresponding beam 56 A-B
is being detected using any solution, which can be processed
to determine if there is an obstruction in the path of electro-
magnetic beam 56 A-B. In an embodiment, electromagnetic
beams 56 A-B comprise narrow focus beams of visible light.
However, it is understood that any type of detectable electro-
magnetic beams can be utilized (e.g., near-infrared, infrared,
etc.).

[0055] As illustrated, each support S0A-B holds the corre-
sponding devices (emitters 52A-B and detectors 54A-B) at
different heights. In particular, support 50B mounts devices
52B, 54A relatively close to the ground, while support S0A
mounts devices 52A, 54B relatively high from the ground.
Due to the widely varying profiles and accoutrements of rail
vehicles, such as rail vehicles 4A-B, the heights and angles of
beams 56 A-B need to be selected such that they are within a
range of heights of beams 56A-B at a center line of the
passing rail vehicles 4A-B and a range of angles of beams
56A-B that enable the reliable detection of a gap between two
of'any of various types of rail vehicles 4A-B. The correspond-
ing heights and distances between supports S0A-B can be
selected to both ensure that supports S0A-B and the devices
mounted thereon, are not in the path of any rail vehicles 4A-B
and ensure that the beams 56A-B pass the center line of rail
vehicles 4A-B at a height and with an angle that enables the
reliable detection of gaps between rail vehicles 4A-B.

[0056] As illustrated, beams 56 A-B pass the center line of
rail vehicles 4 A-B at aheight that is sufficient so that a coupler
assembly between rail vehicles 4A-B does not block either
beam 56 A-B. However, the angle of beams 56 A-B is such that
an outer portion of even a lower profile rail vehicle 4A-B,
such as a flatbed 4A, will block the paths of beams 56A-B.
Since all coupler assemblies should be able to couple with all
others on a given railroad, the height of the beams 56A-B as
they pass the coupler assembly can be selected based on the
known height of the assemblies (e.g., to travel a few inches
above the assembly). Similarly, since the dimensions (includ-
ing height and width) of the lowest/narrowest possible rail
vehicle 4A-B is known, the angle of the beams 56 A-B can be
selected to impinge the rail vehicle 4A-B after passing over
the coupler assembly at the selected height using any solu-
tion.

[0057] It is understood that vehicle sensing module 40 can
utilize any number of one or more beams 56 A-B to detect rail
vehicles 4A-B. When two or more horizontally spaced beams
56A-B are used, vehicle sensing module 40 can acquire addi-
tional data on rail vehicles 4A-B, such as a direction of travel,
a speed, and/or the like. Additionally, when available, it is
understood that additional data can be combined with the data
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acquired using vehicle sensing module 40 to verify proper
operation of wayside measurement component 26. For
example, wayside measurement component 26 can imple-
ment multiple solutions (e.g., image-based, RFID tag-based,
and/or the like) to individually identify rail vehicles 4A-B,
determine a speed, direction of travel, type of vehicle, etc., the
results of which wayside measurement component 26 can
cross-reference and compare. When different results are
acquired, wayside measurement component 26 can deter-
mine a most likely result, flag the discrepancy for human
review, and/or the like, using any solution. To this extent,
wayside measurement component 26 can use a minimum
blockage time to filter/ignore false readings due to a passage
of a bird flying, animal walking, hose above the coupler
assembly, and/or the like.

[0058] Returning to FIG. 3, as discussed herein, wayside
measurement component 26 can be implemented as part of a
classification yard. To this extent, rail vehicles 4A-B may be
moving at a slow speed (e.g., approximately 1.5 miles/hour or
less), may temporarily stop, and may change direction in
travel while they are being processed through the classifica-
tion yard. The slow speed operation also enables rail vehicles
4A-C to undergo greater changes in speed as compared to
higher speed operation for the same distance, making a pre-
diction of an arrival of a rail wheel at measurement module(s)
44 less certain. In order to acquire accurate data on each rail
vehicle 4A-B (e.g., number of axles, operating condition of
rail wheels, etc.) in this operating environment, it is important
for wayside measurement component 26 to be able to account
for these motion changes when processing the rail vehicles
(e.g., identifying individual vehicles, acquiring data on each
vehicle, processing each vehicle, etc.).

[0059] An embodiment of vehicle sensing module 40 can
account for the change in direction by determining an order in
which beams 56A-B (FIG. 4) are blocked by a passing rail
vehicle 4A-C. However, changes in the direction of move-
ment may be only temporary, and may not cause rail vehicles
4A-C to move sufficiently for a gap between two rail vehicles
4A-C to be detected by vehicle sensing module 40. While
image data, RFID data, and the like, also can be used to
determine the direction of travel of rail vehicles 4A-C, it may
be desirable for wheel sensing module 42 to be able to deter-
mine the direction that rail vehicles 4A-C are traveling to
reduce the risk of assigning a detected rail wheel to an incor-
rect rail vehicle 4A-C.

[0060] To this extent, FIG. 5 shows operation of an illus-
trative wheel sensing module 42 according to an embodi-
ment. In particular, FIG. 5 shows a head on and side perspec-
tive view of wheel sensing module 42 as well as an illustrative
output 62 generated by a pair of proximity sensors 60A-B
included in wheel sensing module 42. In an embodiment,
each proximity sensor 60A-B comprises an inductive sensor.
However, any type of sensor capable of detecting the
approach and movement of rail wheel 2 (e.g., the flange ofrail
wheel 2) through a sensing range 64A-B can be used, such as,
but not limited to sensors that operate based on electromag-
netic, optical, or mechanical principles. Further, it is under-
stood that such sensors can be selected and/or designed to
compensate for and/or be unaffected by, the various electro-
magnetic fields present in the railroad environment (such as
those generated by the AC systems of locomotives) using any
solution.

[0061] Wheelsensing module 42 can determine when a rail
wheel 2 of any of a range of circumferences, as indicated by
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rail wheels 2A-B, is at an exact position, e.g., “top dead
center”, over proximity sensors 60A-B. Further, wheel sens-
ing module 42 can determine a direction of travel of the rail
wheel 2. As illustrated, as rail wheel 2 rides along a rail, its
flange will pass over proximity sensors 60A-B. Each prox-
imity sensor 60A-B has a sensing range 64A-B, which is
sufficient to sense flanges of a wide range of sizes. Further,
since the corresponding sensing ranges 64A-B encompass a
volume of space, not merely a line, proximity sensors 60A-B
can be used to detect a relative location of rail wheel 2 with
respect to proximity sensors 60A-B. While sensing ranges
64A-B are shown as having a spherical shape centered on the
corresponding proximity sensor 60A-B, it is understood that
proximity sensors 60A-B could have a sensing range 64A-B
of any shape.

[0062] Regardless, proximity sensors 60A-B are posi-
tioned such that as a rail wheel 2 passes through the center of
the sensor range, such as sensor range 64B, of one proximity
sensor 60B, it begins to enter the sensor range 64A of the
other proximity sensor 60A. A rail wheel 2 entering and
leaving the sensor range 64A-B of either proximity sensor
60A-B will generate a symmetric signal curve. To this extent,
as a rail wheel 2 moves in direction D over proximity sensors
60A-B, curves 66 A-B will be generated by proximity sensors
60A-B. In particular, curve 66B is generated by proximity
sensor 60B and is shown from the point at which rail wheel 2
has passed the center of sensor range 64B to the point at which
rail wheel 2 moves out of sensor range 64B. Similarly, curve
66A is generated by proximity sensor 60 A and is shown from
the point at which rail wheel 2 enters sensor range 64A to the
point at which rail wheel 2 is at the center of sensor range
64A. In this case, the centers of proximity sensors 60A-B are
separated by the sensor range to generate the two curves,
which coincide exactly in time.

[0063] Since curves 66A-B are substantially identical (as
may be permitted by physical design limitations) and are
symmetrical, the point 68 at which curves 66A-B intersect
corresponds to the time when rail wheel 2 is precisely in
between the two proximity sensors 60A-B. Consequently,
wheel sensing module 42 can determine the time at which rail
wheel 2 is at an exact position, e.g., top dead center, by
plotting curves 66A-B and noting the intersection point 68.
Further, by determining which sensor range 64A-B that rail
wheel 2 enters first, wheel sensing module 42 can determine
a direction of travel of rail wheel 2 using any solution. Using
this information, wayside measurement component 26 can
increment and/or decrement a count of axles no matter how
many times rolling stock may reverse direction, thereby pro-
ducing an accurate axle count for the rolling stock. Still
further, curve(s) 66A-B will have a substantially horizontal
(non-zero) portion when rail wheel 2 stops within a corre-
sponding sensor range(s) 64A-B, which wayside measure-
ment component 26 can utilize to adjust the operation of one
or more modules, such as turning off or pausing the operation
of measurement module(s) 44 (FIG. 3).

[0064] Returning to FIG. 3, each measurement module 44
can acquire various types of data for each rail vehicle 4A-C
and/or one or more parts thereof using any solution. To this
extent, measurement module(s) 44 can obtain various mea-
surements of the rail wheels for each rail vehicle 4A-C, which
can be used to evaluate the rail wheel for at least one defect.
For example, measurement module 44 can acquire rail wheel
data that includes: a circumference, a flange height/width,



US 2009/0055043 Al

etc., using any solution, such as the projection and imaging of
a number of laser/light lines on the rail wheel.

[0065] FIG. 6 shows an illustrative solution for measuring a
diameter of a rail wheel 2 using a single camera 70 according
to an embodiment. In this case, wheel 2 is shown located at
three locations L1, L2, L3 as it moves in direction D. At each
location [.1-3, wheel 2 is imaged by a high-speed camera 70
and the location (e.g., height) of an edge (e.g., flange) of
wheel 2 with respect to a centerline of camera 70 is measured.
By obtaining a speed of wheel 2 as it passes over camera 70
using any solution and a time interval between the captured
images, measurement module 44 (FIG. 3) can determine a
distance traveled by wheel 2 between consecutive images
captured by camera 70. Using the distance and the location of
wheel 2 with respect to the centerline of camera 70, measure-
ment module 44 can generate a plot 72 that includes points
P1, P2, P3, each of which corresponds to location .1, 1.2, .3,
respectively. Measurement module 44 can use a curve fitting
algorithm to fit points Pi-3 (or additional points, if available)
to a curve, which measurement module 44 can use to obtain a
diameter measurement of rail wheel 2 using any solution.
Since rail wheel 2 is round by default, and very few normal
wear defects will change this in the case of the flange (which
can comprise the imaged portion), measurement module 44
can assume a circular profile fitted to the known plotted points
P1-3 to yield a good value for the diameter of the rail wheel 2.
While wheel 2 is shown being imaged at top dead center of the
center line (location L.2), it is understood that any sequence of
images in which an appropriate set of points can be located
can provide sufficient data to implement the curve fitting
algorithm.

[0066] Measurement module 44 may use the diameter of
rail wheel 2, if of sufficient accuracy (e.g., dependent on the
resolution and speed of camera 70), as a measured attribute of
rail wheel 2 and/or use it to confirm the measurements and/or
adjust the operation of other devices/modules in measuring
attribute(s) of rail wheel 2. For example, measurement mod-
ule 44 may implement an image-based measurement solution
that projects laser lines that are configured to pass radially
through a center of a 36" diameter rail wheel 2. However, for
a40" diameter rail wheel 2, the projected lines will pass below
the center of the wheel, while the projected lines will pass
above the center of a 33" diameter rail wheel 2. By knowing
an approximate diameter of rail wheel 2, measurement mod-
ule 44 can adjust the expected geometry of the measured
wheel 2, which can yield a more reliable and accurate mea-
surement than would otherwise be possible.

[0067] In order to successfully obtain accurate measure-
ment(s) of various wheel parameters, measurement module
44 can construct a mathematically accurate model of the
wheel from image data. For example, FIG. 7 shows an illus-
trative solution for acquiring image data of a rail wheel 2,
which measurement module 44 can use to construct a math-
ematically accurate model of rail wheel 2, according to an
embodiment. In general, a pair of identical cameras 74A-B
are fixed in a known physical relationship to one another, e.g.,
a known distance apart and imaging in a coplanar fashion
with overlapping fields of view FOVA, FOVB. In this manner,
cameras 74A-B will image the same scene in the overlapping
portion, from slightly differing viewpoints. As a result,
objects 6 that are located in the overlapping area of fields of
view FOVA, FOVB, will appear in different locations and/or
have different sizes in the corresponding images 78 A-B cap-
tured by cameras 74A-B, respectively. As the distances
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between the cameras’ 74A-B viewpoints are known exactly,
measurement module 44 can use triangulation and mapping,
to determine from these “stereo” images the actual position in
space that objects 6 occupy in order to result in images 78A-
B

[0068] The same principles can be applied by measurement
module 44 when acquiring measurement data for rail wheel 2.
In particular, measurement module 44 can include cameras
74A-B, which are configured to acquire images 76A-B,
respectively, of rail wheel 2 as it moves along the rail. As
illustrated, cameras 74A-B can be located on an opposite side
of' the rail as the flange of rail wheel 2, which can enable the
tread surface of rail wheel 2 to be imaged. Further, cameras
74A-B can be placed a known distance apart, and simulta-
neously capture images 76A-B in a coplanar fashion with
overlapping fields of view. Measurement module 44 can per-
form the appropriate calculations (e.g., triangulation and
mapping) based on the known geometry to yield a mathemati-
cal model of rail wheel 2, which measurement module 44 can
use to determine the measurements for rail wheel 2.

[0069] Similarly, measurement module 44 canuse multiple
images captured by a single camera to construct a mathemati-
cal model of rail wheel 2. To this extent, FIG. 8 shows another
illustrative solution for acquiring image data of a rail wheel 2,
which measurement module 44 can use to construct a math-
ematically accurate model of rail wheel 2, according to an
embodiment. In this embodiment, camera 80 can be located
on an opposite side of the rail as the flange of rail wheel 2 in
aknown position with respect to the rail and a known field and
direction of view. Camera 80 acquires two images 82A-B of
rail wheel 2 as it moves along the rail. The movement of rail
wheel 2 between the time that the two images 82A-B are
acquired, causes the field and direction of view of camera 80
in the second image 82B to impinge upon rail wheel 2 in a
location farther along rail wheel’s 2 side as compared to the
first image 82A. Measurement module 44 can obtain a speed
of rail wheel 2 and a time between images 82A-B to deter-
mine a distance traveled by rail wheel 2 between images
82A-B. Using this distance, measurement module 44 can
perform the appropriate calculations (e.g., triangulation and
mapping) to yield a mathematical model of rail wheel 2,
which measurement module 44 can use to determine the
measurements for rail wheel 2. It is understood that while two
images are shown and described in FIGS. 7 and 8, measure-
ment module 44 can use any number of two or more images to
improve and refine the mathematical model of rail wheel 2.

[0070] When measurement module 44 projects lines onto
rail wheel 2 to obtain image data for wheel measurements of
rail wheel 2, measurement module 44 can project the lines
along a side of rail wheel 2 and obtain measurement data
using any solution. Further, measurement module 44 can
project lines at an oncoming rail wheel 2 in a manner such that
an incidence of the lines is primarily along/across a tread
(contact) surface of rail wheel 2. To this extent, FIG. 9 shows
side and front views of an illustrative solution for illuminating
a tread surface of a rail wheel 2 with lines 86 according to an
embodiment. As illustrated, a set of laser generators 84 pro-
duce a plurality of parallel laser lines 86 having a known
angular separation, which is the same for each pair of adjacent
laser lines 86. When projected onto rail wheel 2, the angle and
separation of the lines 86 will be distorted in a manner that is
mathematically related to the degree and nature of the curve
and slant of rail wheel 2 as illustrated in the front view of rail
wheel 2.
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[0071] Whenimaged by acamera (not shown) located adja-
centto laser generator(s) 84, the separation of the lines 86 will
differ based on the curve of the tread surface of rail wheel 2.
In particular, the lines 86 toward an upper portion of rail
wheel 2 will be further separated than the lines 86 toward a
bottom portion of rail wheel 2. Further, the lines 86 will be
angled due to the slant of rail wheel 2. Since the intersection
of lines 86 with rail wheel 2 varies in a known geometric
manner, and the projection and imaging of laser lines can be
done with known geometric relationships between laser gen-
erator(s) 84, rail wheel 2, and the camera, measurement mod-
ule 44 can use the image data to generate a mathematical
model of the tread surface of rail wheel 2 using any solution.

[0072] While a single laser generator 84 is shown produc-
ing the laser lines 86, it is understood that any number of laser
generators 84, each of which generates one or more laser lines
86, can be utilized. Further, while laser lines 86 are substan-
tially parallel and have the same separation angle, it is under-
stood that any configuration of lines 86 can be utilized. To this
extent, FIG. 10 shows side and front views of another illus-
trative solution for illuminating a tread surface of a rail wheel
2 with lines 90 according to an embodiment. In this embodi-
ment, laser generators 88 A-B are shown projecting horizontal
sets of substantially parallel lines, while laser generator 88C
projects a vertical set of substantially parallel lines. In this
manner, laser generators 88A-C project laser lines 90 that
form a grid pattern on the tread surface of rail wheel 2. As
discussed above, measurement module 44 can use the distor-
tion and spacing of the grid pattern to calculate the shape of
the illuminated portion of rail wheel 2 and generate a math-
ematical model of rail wheel 2, which measurement module
44 can use to derive a set of measurements for rail wheel 2.

[0073] It is understood that measurement module 44 can
utilize lines having any of various geometric forms, including
for example, cross hair(s). Further, measurement module 44
can include any of various numbers of laser generators, posi-
tioning and aiming of laser generators, geometric forms pro-
duced by laser generators, and/or the like. Still further, mea-
surement module 44 can use other non-laser illumination
solutions, including use of ambient radiation (e.g., visible
light, near-infrared, infrared, ultraviolet, and/or the like),
non-coherent light (e.g., diffuse constant illumination, strobe/
flash lighting, and/or the like), and/or the like, in combination
with or alternatively to the use of laser light. Still further,
measurement module 44 can utilize modification(s) to the
rail, such as inclusion of a reflective material, or other aspects
of the imaging environment to enhance a contrast between
rail wheel 2 and the remainder of the imaged area.

[0074] Returning to FIGS. 1-3, while wayside measure-
ment component 26 has been primarily shown and described
as including measurement module(s) 44 for capturing image
data on rail wheels of rail vehicles 4A-C, it is understood that
measurement module(s) 44 can capture other types of data on
rail vehicles 4A-C in addition to or alternatively to image data
on rail wheels. For example, a measurement module 44 can:
acquire data (e.g., using an under-track video system) for
evaluating an operating condition of various suspension com-
ponents; acquire data (e.g., using an acoustic analysis system)
for detecting failing bearings; and/or the like. To this extent,
in an embodiment, measurement module 44 can include a
system as shown and described in U.S. patent application Ser.
No. 11/748714, titled “Vehicle evaluation using infrared
data”, which was filed on 15 May 2007, and which is incor-
porated by reference. In this case, measurement module 44
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can evaluate brake components, bearings, brake leakage, and/
or the like, by identifying anomaly(ies) in the infrared data.
Similarly, measurement module 44 can include various sen-
sors that enable the detection of over height/extra wide loads
(e.g., using light beam(s), metal sensor(s), image processing,
and/or the like).

[0075] Further, wayside measurement component 26 can
acquire other data on the rail environment. For example,
wayside measurement component 26 can include a set of
video cameras (visible light, near-infrared, infrared, or the
like), which can acquire video data that management compo-
nent 24 can process to provide security and/or safety moni-
toring using any solution. As processing system 20 would
already be tracking the approach of trains, processing system
20 can further utilize video information, especially in remote
areas or critical locations, to detect potential unauthorized
activity in the neighborhood of the track. For example, the
camera(s) could monitor the switches in the area, and man-
agement component 24 can alert relevant authorities, if image
analysis detects a potentially unauthorized person or vehicle
at or near the switch. Processing system 20 could identify
authorized personnel in a number of ways, e.g., by carrying a
“smart 1D tag which could be detected by a reader in the
vicinity of the critical rail components. Additionally, mea-
surement module 44 can implement automated/semi-auto-
mated/manual inspections of additional features of rail
vehicles 4A-C, such as safety appliances (e.g., ladders), based
on the video/image data using any solution.

[0076] Further, it is understood that wayside measurement
component 26 can be implemented in any location and/or in
any manner. For example, measurement module(s) 44 may
already be utilized at a classification yard, or the like. In this
case, additional module(s), such as vehicle sensing module
40 and/or wheel sensing module 42, component(s), such as
management component 24, and/or the like, can be added and
integrated with measurement module(s) 44 to enable the
functionality described herein.

[0077] The inspection of connected rail vehicles can
include an inspection of the various coupling mechanisms
between two rail vehicles. Additionally, diverting a vehicle
from a consist to another track requires that the vehicle be
detached from the other vehicles in the consist. Further, the
repair can include a repair of one or more minor defects (e.g.,
reattachment of a brake line) with the couplings. These tasks
are inherently dangerous, as they may require that a worker
get between two vehicles in a consist, which may be moving
constantly, or suddenly stop or start without warning in clas-
sification yard 10. Even a very small movement by a 300,000
pound rail vehicle can be potentially lethal for a worker
between two vehicles at that moment. To date, it remains
necessary for human workers to step between the vehicles and
detach/attach various connectors (coupling mechanisms,
brake hoses, etc.) when assembling or disassembling a con-
sist, performing a repair, detaching a bad-ordered vehicle,
and/or the like.

[0078] To this extent, FIG. 11 shows side and top views of
an illustrative rail-based robotic device 92 according to an
embodiment. In an embodiment, robotic device 92 is imple-
mented as part of processing system 20 (FIG. 1), and per-
forms evaluation, repair, and/or decoupling functions.
Robotic device 92 can move on a set of rails 94, which run
parallel to arail line, such as rail line 14 (FIG. 1), on which rail
vehicles 4A-B are moving. The set of rails 94 can be situated
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a sufficient distance from rail vehicles 4A-B so that robotic
device 92 does not interfere with other operations.

[0079] Processing system 20 can align robotic device 92
with a coupling mechanism between two rail vehicles 4A-B
so that it can perform one or more actions using any solution.
For example, robotic device 92 can include an ability to move
itself along the set of rails 94 and include machine vision
technology or the like, to align itself with the coupling. Once
aligned, robotic device 92 can extend an attachment 96 into
the gap between rail vehicles 4A-B to perform one or more
actions. In order to avoid damaging one or more components,
robotic device 92 can disengage its gears to allow robotic
device 92 to move with any movement by rail vehicles 4A-B.
Additionally, attachment 96 and/or robotic device 92 can
include a stabilizer, which stabilizes a position of attachment
96 and/or robotic device 92 with respect to rail vehicles 4A-B
using any solution.

[0080] Use of robotic device 92 and attachment 96 can
remove and/or reduce the need for individuals to enter the
area between two rail vehicles 4A-B. To this extent, an opera-
tor can operate robotic device 92 from a location remote from
the area between rail vehicles 4A-B, thereby not exposing the
operator to danger due to moving rail vehicles 4A-B, adverse
weather conditions, and/or the like. Further, attachment 96
can bring a set of components 98 in proximity to the coupling
mechanism between rail vehicles 4A-B. The set of compo-
nents 98 can include, for example: one or more imaging
devices (e.g., cameras) for performing an inspection and/or
assisting with a repair, coupling, decoupling, or the like; one
or more sensors (e.g., infra-red sensor, chemical sensor, and/
or the like) for performing an inspection; one or more illumi-
nation devices (e.g., lights); and/or one or more manipulators
for manipulating one or more rail components, such as pull-
ing or inserting a pin on the coupler, supporting or tying up a
dangling hose, connecting or disconnecting a brake hose,
and/or the like. In any event, when intended for outdoor
operation, the set of components 98 should be configured to
operate adequately in a wide variety of conditions.

[0081] In an embodiment, robotic device 92 can perform
one or more tasks in a fully automated manner. In this case,
individuals can be freed from performing relatively simple
tasks, and can spend additional time on more demanding
tasks. In order to perform automated operations, robotic
device 92 should be capable of performing recognition tasks
relating to locating the set of components 98 in relation to rail
vehicles 4A-B and components thereof, performing opera-
tions therewith, and determining when a flaw may be present
on rail vehicles 4A-B and/or components thereof.

[0082] Fully automated operation can be implemented
using a combination of machine vision systems and “smart
video” systems. Such systems can be implemented as part of
processing system 20 using any solution. To this extent, a
well-characterized and determined positioning of robotic
device 92 in conjunction with rail vehicles 4A-B, along with
movement sensors on attachment 96 and/or the set of com-
ponents 98, can permit an accurate determination of distances
and angles of components with respect to rail vehicles 4A-B.
Since the area between rail vehicles 4A-B is a relatively
defined volume of space, and the locations of components in
the area, such as the coupling mechanism, coupler release
handle(s), brake hoses, etc., will be found in a relatively
restricted and defined volume of space, processing system 20
and/or robotic device 92 can readily perform the necessary
operations to locate component(s) 98 with respect to the
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components ofrail vehicles 4A-B. Further, processing system
20 and/or robotic device 92 can automatically track relation-
ships between two or more components of rail vehicles 4A-B
using any solution, e.g., to determine when rail vehicles 4A-B
have been successfully decoupled, brake hoses have been
successfully attached or detached, and/or the like.

[0083] The presence of attachment 96 and a corresponding
set of components 98 between rail vehicles 4A-B poses a
potential for a collision between rail vehicles 4A-B and
attachment 96 and/or component(s) 98. In this case, such a
collision may cause damage or impediment to rail vehicles
4A-B and/or attachment 96 and/or component(s) 98. Accord-
ingly, attachment 96 and/or component(s) 98 can be equipped
with “breakaway” linkages at strategic points in the assembly.
Such linkages can both prevent the mechanism from ever
exerting too much force on any component of rail vehicles
4A-B, and also minimize damage to robotic device 92, attach-
ment 96, and/or component(s) 98 in the case of a collision.
The location and implementation of the breakaway linkages
can be selected using any solution. Further, robotic device 92
can include a set of operating requirements to prevent colli-
sions. For example, robotic device 92 can prevent extension
of attachment 96 unless robotic device 92 is aligned and/or
stabilized between two rail vehicles 4A-B with the gears
disengaged. Similarly, robotic device 92 can prevent lateral
movement of robotic device 92 while attachment 96 is
extended.

[0084] FIG. 12 shows an illustrative coupling mechanism
120, which is commonly incorporated to couple rail vehicles
4A-B, according to an embodiment. Rail vehicles 4A-B are
connected attwo points: amain coupler assembly 122 and the
brake hoses 126A-B. In particular, coupler assembly 122
automatically engages when a forward component 124A of a
rail vehicle 4B encounters a rear component 124B of another
rail vehicle 4A. While coupling mechanism 120 provides for
automatic coupling (although brake hoses 126A-B are
coupled manually), decoupling continues to be performed
manually, which can be dangerous. In particular, a human
must go between rail vehicles 4A-B, which be moving and/or
move at any time, to perform the decoupling. In fact, the
decoupling often relies on the movement of one of the rail
vehicles 4A-B once coupler assembly 122 has been
decoupled (e.g., due to gravity when rail vehicles 4A-B are on
an incline, such as at a classification yard).

[0085] To decouple rail vehicles 4A-B, a coupler release
handle 128 is moved a relatively small amount in a direction
perpendicular to the handle’s axis to operate a coupler release
mechanism 130. That is, release handle 128 is moved verti-
cally when release handle 128 extends horizontally or hori-
zontally when release handle 128 is substantially vertical in
orientation, as shown. Operation of release handle 128 in this
manner causes coupler release mechanism 130 to release the
components 124A-B of coupler assembly 122. An operator
will determine whether rail vehicles 4A-B have separated,
and if not, may need to operate release handle 128 again.
Brake hoses 126A-B are generally connected to a corre-
sponding portion of coupler assembly 122 by a wire or chain
harness 132. As rail vehicles 4A-B separate, harness 132
exerts angular force upon the brake hose connection, causing
the brake hoses 126 A-B to separate. It is understood that
coupling mechanism 120 can include mirrored components
ofrelease handle 128 and brake hoses 126 A-B on an opposite
side, which are not shown for clarity.
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[0086] A pair of illustrative manipulators are shown and
described herein. However, it is understood that these
manipulators and the functionality described therewith are
only illustrative of numerous types of manipulation devices,
which can be utilized to perform a wide variety of tasks. As
discussed above, operation of these manipulators can be per-
formed by an operator, by processing system 20 and/or
robotic device 92 in an automated manner, and/or some com-
bination thereof.

[0087] FIGS. 13A-D show operation of an illustrative
manipulator 100, which can be located at an end of attach-
ment 96, according to an embodiment. FIGS. 13A-B show a
top view and front view, respectively, of manipulator 100.
Manipulator 100 includes a pair of restraining rods 102A-B
and a contact component 104. Contact component 104 can be
moved up/down with respect to restraining rods 102A-B viaa
piston 106 or the like. Restraining rods 102A-B are posi-
tioned above a low point of contact component 104 via a pair
of vertical supports 108A-B that are spaced apart using a
spacer 110, which is attached to attachment 96 using any
solution. Each component of manipulator 100 that contacts
one or more components of a rail vehicle 4A-B (FIG. 11) can
have a smooth rounded cross section to reduce the risk of wear
or damage to one or more components that are manipulated
using manipulator 100.

[0088] Robotic device 92 can operate manipulator 100 to
detach a pair of connectors 8A-B for a standard rail brake
hose 126 A-B (FIG. 12) on rail vehicles 4A-B. To this extent,
FIGS. 13C-D show manipulator 100 being used to detach
connectors 8A-B. Initially, robotic device 92 can locate
manipulator 100 so that each restraining rod 102A-B is
located above the brake hose adjacent to a corresponding
connector 8A-B, respectively, while contact component 104
is located below connectors 8A-B. The spacing between
restraining rods 102A-B can be selected such that each
restraining rod 102A-B can be located near where connectors
8A-B meet the brake hose. Further, robotic device 92 can
adjust a width of spacer 110 using any solution to enable the
corresponding locations of restraining rods 102A-B to be
adjusted. Similarly, a distance between a top of contact com-
ponent 104 and a bottom of restraining rods 102A-B can be
selected such that connectors 8A-B will readily fit between.
Further, robotic device 92 can adjust the distance by adjusting
a length of vertical supports 108 A-B and/or a height of con-
tact component 104 (e.g., via piston 106) using any solution.
[0089] Once manipulator 100 is positioned appropriately,
robotic device 92 can move contact component 104 upward
toward connectors 8A-B using piston 106. Contact compo-
nent 104 will force connectors 8A-B to move upward, while
the brake hose 126 A-B is prevented from moving upward by
restraining rods 102A-B. As a result, connectors 8A-B will
swivel away from one another, resulting in the hoses 126 A-B
(FIG. 12) becoming separated.

[0090] FIGS. 14A-D show operation of another illustrative
manipulator 140, which can be located at an end of attach-
ment 96 (FIG. 11), according to an embodiment. FIGS.
14A-B show a front view and top view, respectively, of
manipulator 140. Manipulator 140 includes a manipulator
attachment 142, a rotation mechanism 144, a gripping mecha-
nism 146, and a plurality of fingers 148A-C. Each finger
148A-C can be equipped with a set of sensors, which can, for
example, provide information on an amount of force being
exerted on the finger 148A-C. Gripping mechanism 146
includes a plurality of tracks 150A-C along which fingers
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148A-C can move. Further, rotation mechanism 144 can
enable gripping mechanism 146 and fingers 148A-C to be
rotated about its axis. Further, as illustrated in FIG. 14C,
manipulator 140 can be attached to an arm 152, which is
attached to a movement mechanism 154, and can provide
horizontal and/or vertical movement of manipulator 140.
[0091] FIGS. 14C-D illustrate use of manipulator 140 to
operate release handle 128 in order to detach rail vehicles
4A-B (FIG.12). In particular, robotic device 92 (FIG. 11) can
operate attachment 96 (FIG. 11), movement mechanism 154,
and/or manipulator 140 to engage release handle 128. To this
extent, release handle 128 can be positioned such that mul-
tiple fingers, such as fingers 148A, 148C are on one side of
release handle 128, while at least one finger, such as finger
148B is on the other side of release handle 128. Robotic
device 92 can determine that fingers 148A-C are properly
aligned using, for example, data acquired from a sensor on
each finger 148A-C that measures an amount of force being
exerted. Once manipulator 140 is engaged, movement
mechanism 154 can move (e.g., shake) manipulator 140 in the
direction/distance required to release components 124A-B
(FIG. 12). Robotic device 92 can determine whether rail
vehicles 4A-B have been successfully released from one
another. If so, fingers 148A-C can disengage from release
handle 128. Otherwise, robotic device 92 can move manipu-
lator 140 again to seek to release components 124A-B.
[0092] During operation of release handle 128, robotic
device 92 can use data from the force sensors on fingers
148A-C to determine, for example, whether any unusual/
abnormal resistance or lack of resistance occurs while the
release handle 128 is being moved. Further, robotic device 92
can determine various other faults using any solution. For
example, robotic device 92 can determine a fault due to a
failure to release rail vehicles 4A-B after a predetermined
number of tries, a broken (e.g., stuck or missing) component
in coupling mechanism 120 (FIG. 12), and/or the like. In this
case, robotic device 92 can generate an alarm, which can be
presented to a user for action.

[0093] Robotic device 92 also can include a manipulator to
perform automated/semi-automated coupling of brake hoses
126 A-B. For example, an illustrative manipulator could com-
prise a combination of manipulators 100 (FIGS. 13A-D), 140
(FIGS. 14A-D) in which restraining rods 102A-B (FIG. 13A)
can be replaced with paired fingers 148A-B (FIG. 14A) to
hold the brake hose 126 A-B. Further, the contact component
104 (FIG. 13b) can be replaced with two fingers, each of
which operates as a third “finger” of each pair of fingers and
would move along a track with an arc calculated to corre-
spond to the arc of engagement for the two halves of the brake
hose connector. Robotic device 92 can operate each gripper
deviceto locate and grasp the appropriate brake hose 126 A-B,
and the two devices would be brought together to engage as a
single unit. By retracting the contact component halves,
robotic device 92 would cause the two brake hose connector
components to engage.

[0094] FIG. 15 shows an illustrative process for processing
rail vehicles through a classification yard according to an
embodiment, which can be implemented by processing sys-
tem 20 (FIG. 1). Referring to FIGS. 1 and 15, in process 201,
processing system 20 can detect rolling stock using any solu-
tion. In process 202, processing system 20 can clean equip-
ment on the rolling stock as it moves along rail line 14. For
example, as shown in FIG. 4, processing system 20 (FIG. 1)
can comprise a cleaning module 48, which includes one or
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more devices for cleaning rail vehicles 4A-B, which manage-
ment component 24 (FIG. 1) can operate to clean various
equipment on vehicles 4A-B. Cleaning module 48 is shown
including a set of sprays 58 A-C that can spray high pressure
fluid (e.g., water) at the sides, wheels, suspension, and/or the
like of vehicle 4A-B. Additionally, while not shown, it is
understood that cleaning module 48 can include other types
of cleaning devices, such as one or more brushes, or the like.
Management component 24 can adjust operation of the vari-
ous devices in cleaning module 48 based on a type of rail
vehicle 4A-B passing through. For example, when multiple
devices are configured to clean a side of rail vehicles 4A-B,
one or more of the higher devices can be turned off when a low
rail vehicle, such as rail vehicle 4A, is moving through.
[0095] Returning to FIGS. 1 and 15, in process 203, pro-
cessing system 20 can acquire various types of measurement
data for each rail vehicle 4A-C (FIG. 3) and/or one or more
parts thereof using any solution. The measurement data can
include data to determine the identity of the vehicle 4A-C
(e.g., RFID data), image data of rail vehicle 4A-C or one or
more components thereof, and/or other types of data (e.g.,
electromagnetic), which processing system 20 can use in
evaluating and processing each vehicle 4A-C.

[0096] In process 204, processing system 20 can analyze
the measurement data for each rail vehicle 4A-C to determine
whether one or more defects are present on a rail vehicle
4A-C using any solution. For example, processing system 20
can determine whether a wheel, axle, brakes, or the like,
remain within safe operating limits, detect an anomaly in a
flaw detection signal that indicates a problem with a piece of
equipment, etc. Processing system 20 can implement various
types of analysis processes, such as rule sets (e.g., defining
safe tolerance ranges with error limits), neural nets, expert
systems, waveform analysis, and/or the like in order to deter-
mine whether one or more defects may be present on a vehicle
4A-C. In decision 205, processing system 20 determines
whether the vehicle 4 A-C passed the inspection. For example,
processing system 20 can determine whether one or more
defects were present. If the vehicle 4A-C passed inspection,
in process 206, processing system 20 can route the vehicle
4A-C to one of the outbound (e.g., classification/consist
assembly) tracks 16 based on its destination.

[0097] When a vehicle 4A-C does not pass the inspection
(e.g., includes one or more defects), in decision 207, process-
ing system 20 can determine whether the defect(s) is (are) of
the type that can be repaired locally (e.g., in-situ or on local
track). For example, defects such as loose/hanging equipment
(e.g., a hose) or material, over-height/over-width loads, and/
or the like, may be able to be fixed without re-routing the rail
vehicle 4A-C and/or routing the vehicle locally, e.g., via a
loop-backrail line 15. If so, in process 208, processing system
20 can generate an on-site repair order. In process 209, one or
more personnel can perform the repair, and indicate to pro-
cessing system 20 one or more details of the repair (e.g., time,
materials, etc.) as well as whether the repair was successful or
not. In decision 210, processing system 20 can determine
whether the repair was successful. If so, in process 211,
processing system 20 can generate a repair bill for the repair
(s) performed on the rail vehicle 4A-C, and in process 212,
processing system 20 can route the rail vehicle 4A-C for
re-inspection, e.g., via a loop-back rail line 15.

[0098] When processing system 20 determines in decision
207 that one or more defects on a vehicle 4A-C cannot be
performed in-situ or determined in decision 210 that one or
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more repairs were unsuccessful, in process 213, processing
system 20 can route the vehicle 4A-C to one of a set of
maintenance tracks 18. Processing system 20 can route the
vehicle 4A-C to the maintenance track 18 via rail line 14 or
via rail line 17, e.g., when a repair was first attempted on
loop-back rail line 15. In any event, in process 214, process-
ing system 20 can generate a repair order for personnel at a
maintenance shop 19. In process 215, one or more mainte-
nance personnel can perform the repair, and indicate to pro-
cessing system 20 one or more details of the repair (e.g., time,
materials, etc.). In process 211, processing system 20 can
generate a repair bill for the repair(s) performed on the rail
vehicle 4A-C, and in process 212, processing system 20 can
route the rail vehicle 4A-C forre-inspection, e.g., viarail lines
15,17.

[0099] In an embodiment, processing system 20 can com-
prise a routing component 25, which provides for the routing
of vehicles 4A-C through classification yard 10, and a sepa-
rate inspection component 27 that implements the inspection
actions described herein. Routing component 25 and inspec-
tion component 27 can interact with one another to process
vehicles 4A-C through classification yard 10. For example, an
existing classification yard 10 may include a management
component 24 that includes a routing component 25. Subse-
quently, management component 24 can be modified to
include inspection component 27, and routing component 25
can be modified to interact with inspection component 27.
[0100] FIG. 16 shows an illustrative process that illustrates
interaction between routing component 25 and inspection
component 27 according to an embodiment. Referring to
FIGS. 1 and 16, in process 301, routing component 25 can
determine that rolling stock has entered rail line 14 using any
solution. In process 302, routing component 25 can send an
“activate” signal to inspection component 27 to notify it that
vehicles 4A-C (FIG. 2) are approaching. It is understood that
while not shown for clarity, various other signals can be
exchanged between routing component 25 and inspection
component 27. For example, inspection component 27 and/or
routing component 25 can send an acknowledgment signal in
response to a signal received from the other component. Fur-
ther, when not active, routing component 25 and inspection
component 27 can periodically exchange readiness signals
(e.g., heartbeat signals) indicating that inspection component
27 is ready to perform an inspection. In either case, should a
component not respond to a signal, the sending component
can resend the signal, generate an error that can be addressed
by personnel, and/or the like.

[0101] After receiving an activate signal from routing com-
ponent 25, in process 401, inspection component 27 can
change to an active mode. For example, inspection compo-
nent 27 can turn on one or more emitting/sensing devices,
open one or more protective shutters, and/or the like. In pro-
cess 402, inspection component 27 can identify a rail vehicle
as it approaches evaluation component 22 on rail line 14 using
any solution. For example, inspection component 27 can
acquire an RFID, determine identifying markings on the side
of the rail vehicle, identify the location of the rail vehicle in
the train that entered classification yard 10, and/or the like.
[0102] In process 403, inspection component 27 can
inspect the rail vehicle, e.g., using a process described herein.
The inspection can include evaluation of one or more of
various components of the rail vehicle including, but not
limited to, the wheels, brakes, axles, over height/width, etc. In
process 404, inspection component 27 can send an inspection
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result for processing by routing component 25. The inspec-
tion result can indicate whether the vehicle passed or failed
the inspection and indicate what, if any, defects may be
present on the vehicle. Subsequently, in decision 405, inspec-
tion component 27 can wait for another vehicle to approach
evaluation component 22. When a vehicle approaches evalu-
ation component 22, inspection component 27 can return to
process 402 to inspect the vehicle.

[0103] In process 310, routing component 25 can receive
the inspection information. In process 311, routing compo-
nent 25 can determine whether the rail vehicle should be
diverted to a repair track. For example, routing component 25
can divert a rail vehicle that fails an inspection and includes
one or more defects that require servicing at maintenance
shop 19 to a maintenance track 18. Further, routing compo-
nent 25 can divert a rail vehicle that fails an inspection, but
only includes defect(s) that can be repaired in-situ to rail line
15. Still further, defect(s) on a rail vehicle can be repaired
while it remains connected to one or more other vehicles on
line 14, without diverting the vehicle. If the rail vehicle is to
be diverted, then in process 312, routing component 25 can
change the routing for the vehicle. In either case, routing
component 25 can route the vehicle in process 313, e.g., either
to an outbound track 16, maintenance track 18, rail line 15,
and/or the like.

[0104] Theinspection/routing process described herein can
continue until all vehicles have been processed. To this extent,
after signaling inspection component 27 in process 302, rout-
ing component 25 can monitor the progress of the rolling
stock along rail line 14. In process 303, routing component 25
can determine that all of the rolling stock has exited rail line
14 using any solution, and in process 304, routing component
25 can signal inspection component 27 to change to stand by
mode. Upon receiving a stand by signal, in process 406,
inspection component 27 can change to inactive mode. For
example, inspection component 27 can turn off one or more
emitting/sensing devices, close one or more protective shut-
ters, and/or the like. In process 407, inspection component 27
can finalize and store data (e.g., bad order dispositions,
vehicle information, and/or the like), and prepare for the next
consist/train. For example, inspection component 27 can
verify the functionality of various devices, calibrate and/or
clean one or more devices, and/or the like. Upon completion,
inspection component 27 can return to an inactive/waiting
status.

[0105] Routing component 25 can implement one or more
of various decision making solutions to determine whether a
rail vehicle should be diverted off rail line 14, and therefore
out of a consist, in decision 311. In an embodiment, routing
component 25 can automatically route any vehicle that
inspection component 27 indicates has one or more defects to
maintenance track 18, rail line 15, and/or the like. However,
re-routing a vehicle may require that the vehicle be discon-
nected from one or two other vehicles. Further, maintenance
shop 19 may require several hours to perform the work (e.g.,
switching out a wheel, turning a wheel, and/or the like) to
return the vehicle to service. To minimize the re-routing of
vehicles, routing component 25 can utilize an expert system
(e.g., a set of rules) to consider an overall condition of a
component (e.g., multiple attributes of the component) when
one parameter may affect whether another parameter is
deemed safe. For example, a flange height measurement for a
wheel may be safe when the rim thickness is sufficient, but
may be unsafe if the rim thickness is below a threshold value.
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To this extent, routing component 25 can utilize an expert
system for determining whether the wheel is unsafe, which
accounts for the relationship between a flange height and a
rim thickness. By considering the overall condition of a com-
ponent, routing component 25 can avoid re-routing and
repairing a vehicle that remains safe to operate.

[0106] Routing component 25 can implement a more
advanced adaptive model that relies on tracking “Quality of
Measurement” (QoM). Processing system 20 can create a
QoM model using any solution. For example, processing
system 20 can include metrology software that tracks various
measurement certainties and anomalies. Each measurement
produced by measurement component 22 can be graded
based on these statistics. Processing system 20 can aggregate
these statistics into an overall QoM model for measurement
component 22. Further, processing system 20 can perform
data mining on the measurements for specific characteristics,
such as measurement percentage, system fault rates, repeat
measurement correlation, and/or the like, which processing
system 20 can use to create a QoM model using any solution.
Regardless, if processing system 20 determines that the sys-
tem QoM has decreased, processing system 20 can increase
the margin of error. Similarly, if processing system 20 deter-
mines that the system QoM has increased (e.g., due to favor-
able versus unfavorable weather), processing system 20 can
reduce the margin of error. Routing component 25 can
account for the margin of error prior to determining whether
to re-route a vehicle. Additionally, if the system QoM falls
below a predefined threshold, processing system 20 can gen-
erate an alert that maintenance/recalibration may be required
for measurement component 22.

[0107] When evaluation component 25 receives a measure-
ment that is at or near (e.g., within a margin of error) a given
safety limit, it must decide whether to flag the measurement
as indicating a defect. For example, a flange height may have
a minimum height requirement of two inches, and measure-
ment component 22 may have a margin of error of a sixteenth
of'an inch. If measurement component 22 returns a measure-
ment of exactly two inches, the actual flange height is likely to
be between one and fifteen-sixteenths inches (below the limit)
and two and one-sixteenth (over the limit). To this extent,
evaluation component 25 can adjust the defect limit to reflect
the limits of error, e.g., by widening or narrowing the band in
which a defect is evaluated. In this case, evaluation compo-
nent 25 can make it more/less likely that a vehicle that
includes a defect is evaluated as passing the inspection.
Evaluation component 25 can make the adjustment based on
a severity of the defect (e.g., increased noise in operation
versus likely derailment). Regardless, the adjustment will
directly affect (e.g., increase or decrease) the number of
vehicles that are evaluated as failing inspection.

[0108] Over time, processing system 20 can gather a con-
siderable amount of data on vehicles that are inspected on a
regular basis. Processing system 20 can analyze the data to
produce a reliable model of wear characteristics and patterns
through a railroad system, particularly when the railroad sys-
tem is a “captive fleet” system, such as a transit rail system, an
industrial private rail system (e.g., for mining), and/or the
like. Processing system 20 can use analysis of the wear char-
acteristics and patterns to reduce unexpected bad-ordering of
a vehicle, perform predictive maintenance, and/or the like.
Further, processing system 20 can produce a model for certain
components that are measured as being close to the end of
their safe use without further maintenance. For example, pro-
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cessing system 20 can determine that a vehicle should remain
usable for another 10,000 miles, and therefore maintenance
can be performed at a destination rather than at the current
classification yard 10 (FIG. 1), which may already have a
busy repair schedule and therefore have less ability to accom-
modate repair(s) that are not of an emergency nature.

[0109] FIG.17 shows an illustrative process for forecasting
maintenance requirements, which can be implemented by
processing system 20 (FIG. 1), according to an embodiment.
In process 501, processing system 20 can obtain vehicle data
for a vehicle and/or a set of related vehicles. The vehicle data
can include inspection data obtained from, for example,
evaluation component 27, management component 24, and/
or one or more other systems external to processing system
20. Further, the data can include operating data for the
vehicle, such as data on the operating conditions over a period
of time since a previous inspection, weather conditions, a
mileage (total and/or since last inspection, and/or the like.
[0110] In process 502, processing system 20 can perform
data mining on the vehicle data. In particular, processing
system 20 can perform any combination of various statistical,
heuristic, and/or other analytical/correlative solutions that
can derive causal and/or associative connections between
aspects of the data. For example, processing system 20 may
determine that vehicles that travel over a particular section of
track in the winter are more prone to flat spots (e.g., ice may
cause more slippage and brakes may be more prone to lock).
Similarly, processing system 20 may determine that wear on
various components is higher for vehicles traveling through a
particular area of the country, e.g., possibly due to rougher
track. Further, processing system 20 may determine that
hoses degrade more quickly when traveling during winter in
areas where salt is commonly used on roads and where the
tracks are near public roads. It is understood that these results
are only illustrative of numerous types of causal and/or asso-
ciative connections that processing system 20 may determine.
[0111] Inprocess503,processing system 20 can create a set
of wear models for the vehicle based on the results of the data
mining using any solution. In process 504, processing system
20 can generate measurement and maintenance forecasts for
known vehicle(s), e.g., vehicles that have been previously
inspected and/or are periodically inspected, using the wear
model(s). For example, processing system 20 can apply mea-
surement data that was recently obtained for the vehicle and
data on the future destinations and corresponding operating
conditions for the vehicle to the maintenance/wear model(s)
and project what future measurement(s) should be and/or
when maintenance on the vehicle will be required.

[0112] In process 505, processing system 20 can compare
the forecast results with the results of a subsequent inspection
of the vehicle. In process 506, processing system 20 can
determine whether the forecast results had a desired reliabil-
ity (e.g., within an acceptable margin of error). If not, in
process 5-7, processing system 20 can examine the model(s)
and determine likely source(s) of error. Flow can return to
process 501 to restart the process with the current inspection
results and the likely source(s) of error forming a background
for processing system 20 to make adjustment(s) to the model
(s).

[0113] When processing system 20 determines that the
forecast results have a sufficient reliability in process 506,
processing system 20 can generate forecasts for maintenance
of the vehicle, and compare the forecasts with scheduling
demands for utilizing the maintenance resources in process
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508. In process 509, processing system 20 can determine
whether there exists a near-term problem (e.g., the mainte-
nance forecast indicates that there will be insufficient
resources to perform the expected repair(s), indicates that
there will be a significant reduction in available transportation
resources due to a high demand for repairs, and/or the like). If
an alert is present, in process 510, processing system 20 can
recommend changes/additions to the maintenance schedule
and generate system reports indicating the problem(s). In
either case, processing system 20 can continually repeat the
process. In this manner, processing system 20 will increas-
ingly obtain and be able to utilize reliable forecasts, which
processing system 20 can confirm and/or adjust by the addi-
tional data collection, data mining, model generation and
testing to insure that the models remain accurate and up-to-
date.

[0114] While processing system 20 has been shown and
described as implementing various processes/actions using
illustrative configurations of components, modules, and
devices, it is understood that these configurations are only
illustrative and that the invention is not limited to any particu-
lar combination of components, modules, and/or devices. To
this extent, any of the various processes/actions shown and
described herein can be implemented by another component/
module shown and described herein, or by a separate compo-
nent/module that is not expressly shown and described
herein. As used herein, the terms component and module
mean any configuration of hardware, with or without soft-
ware, which is configured to implement the functionality
described in conjunction therewith using any solution.
Regardless, it is understood that two or more components/
modules/systems may share some/all of their respective hard-
ware.

[0115] Still further, some or all of processing system 20
could be implemented apart from a classification yard, e.g., as
part of a rail line (e.g., a high-speed rail line) that handles a
significant amount of rail traffic. In this embodiment, some or
all of management component 24 can be located remote from
wayside measurement component 26. In any event, in this
embodiment, processing system 20 can evaluate the passing
rolling stock in a similar fashion, and automatically send the
evaluations forward to a destination of the train. An evalua-
tion that indicates a hazard can be routed directly to system(s)
connected to individual(s) responsible for safety and mainte-
nance of the railroad or railroads in the relevant area, for
immediate action. To this extent, the safety/maintenance per-
sonnel can contact an engineer or other personnel on board
the train via a wireless terminal on-board the train, or the like,
as to the nature and severity of any detected anomalies. Fur-
ther, when necessary, the engineer can be instructed to and/or
independently take action, such as slowing a speed of the
train, in response to the detected anomaly(ies).

[0116] While shown and described herein as a method and
system for processing rail vehicles, it is understood that
aspects of the invention further provide various alternative
embodiments. For example, in one embodiment, the inven-
tion provides a method of generating a system for processing
rail vehicles. In this case, zero or more of the programs,
devices, modules, components, etc., of a computer system,
such as processing system 20 (FIG. 2), can be obtained (e.g.,
created, maintained, made available, etc.) and one or more
programs, devices, modules, components, etc., for perform-
ing a process described herein can be obtained (e.g., created,
purchased, used, modified, etc.) and deployed to the com-
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puter system. To this extent, the deployment can comprise one
ormore of: (1) installing program code on a computing device
from a computer-readable medium; (2) adding and/or config-
uring one or more devices (e.g., computing, communications,
sensors, emitters, etc.) to the computer system; and (3) incor-
porating and/or modifying the computer system to enable it to
perform a process described herein.

[0117] Itis understood that aspects of the invention can be
implemented as part of a business method that performs a
process described herein on a subscription, advertising, and/
or fee basis. That is, a service provider could offer to process
rail vehicles as described herein. In this case, the service
provider can manage (e.g., create, maintain, support, etc.) a
computer system, such as processing system 20 (FIG. 2), that
performs a process described herein for one or more custom-
ers. In return, the service provider can receive payment from
the customer(s) under a subscription and/or fee agreement,
receive payment from the sale of advertising to one or more
third parties, and/or the like.

[0118] The foregoing description of various aspects of the
invention has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and obviously, many
modifications and variations are possible. Such modifications
and variations that may be apparent to an individual in the art
are included within the scope of the invention as defined by
the accompanying claims.

What is claimed is:

1. A method of processing rail vehicles, the method com-
prising:

identifying each individual rail vehicle as a plurality of

attached rail vehicles move along a set of rails using data
acquired by at least one sensing device;

acquiring measurement data for each identified rail vehicle

asitmoves along the set of rails from at least one sensing
device;

analyzing the measurement data for each identified rail

vehicle; and

automatically routing each identified rail vehicle based on

the analyzing.

2. The method of claim 1, wherein the automatically rout-
ing includes routing a rail vehicle to an outbound track based
on a destination for the rail vehicle when the analyzing indi-
cates that no repair will be performed.

3. The method of claim 1, wherein the analyzing indicates
that at least one defect is present for a rail vehicle.

4. The method of claim 3, wherein the automatically rout-
ing includes:

determining whether each of the at least one defect can be

repaired locally; and

routing the rail vehicle based on the determining.

5. The method of claim 3, further comprising:

generating a repair order for the at least one defect;

repairing the at least one defect; and

generating a repair bill for the at least one defect based on

the repairing.

6. The method of claim 3, wherein the analyzing includes:

determining an overall condition of a component of the rail

vehicle having a defect based on a plurality of attributes
of the component; and

determining that the at least one defect does not require

repair based on the overall condition.
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7. The method of claim 1, further comprising:

obtaining inspection data and operating data for a plurality
of related rail vehicles;

creating a wear model for at least one component of the
plurality of related rail vehicles based on the inspection
data and operating data; and

forecasting at least one of: maintenance requirements or
measurement data for a rail vehicle using the wear
model, wherein the analyzing is based on the forecast-
ing.

8. The method of claim 1, wherein the automatically rout-
ing includes detaching a first rail vehicle from a second rail
vehicle using a robotic device.

9. A system for processing rail vehicles, the system com-
prising:

at least one sensing device configured to acquire data as a
plurality of attached rail vehicles move along a set of
rails;

a component configured to identify each individual rail
vehicle in the plurality of attached rail vehicles using the
data acquired by the at least one sensing device;

a component configured to analyze measurement data
acquired by the at least one sensing device for each
identified rail vehicle; and

a component configured to automatically route each iden-
tified rail vehicle based on the analyzed measurement
data.

10. The system of claim 9, wherein the component config-
ured to automatically route is configured to route arail vehicle
to an outbound track based on a destination for the rail vehicle
when the analyzed measurement data indicates that no repair
will be performed.

11. The system of claim 9, wherein the analyzed measure-
ment data indicates that at least one defect is present for a rail
vehicle.

12. The system of claim 11, wherein the component con-
figured to automatically route is configured to:

determine whether each of the at least one defect can be
repaired locally; and

route the rail vehicle based on the determination.

13. The system of claim 11, further comprising a compo-
nent configured to generate a repair order for the at least one
defectand generate a repair bill for the atleast one defect after
the at least one defect is repaired.

14. The system of claim 11, wherein the component con-
figured to analyze measurement data is configured to:

determine an overall condition of a component of the rail
vehicle having a defect based on a plurality of attributes
of the component; and

determine that the at least one defect does not require repair
based on the overall condition.

15. The system of claim 9, further comprising a component
configured to create a wear model for at least one component
of the plurality of related rail vehicles based on inspection
data and operating data for the plurality of related rail
vehicles, and forecast at least one of: maintenance require-
ments or measurement data for a rail vehicle using the wear
model, wherein the component configured to analyze mea-
surement data uses the forecast.

16. The system of claim 9, wherein the component config-
ured to automatically route includes a robotic device config-
ured to detach a first rail vehicle from a second rail vehicle.
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17. A system for processing rail vehicles, the system com-
prising:

at least one sensing device configured to acquire data as a
plurality of attached rail vehicles move along a set of
rails;

a component configured to identify each individual rail
vehicle in the plurality of attached rail vehicles using the
data acquired by the at least one sensing device; and

a component configured to automatically route each iden-
tified rail vehicle to an outbound track based on a desti-
nation for the rail vehicle, wherein the component con-
figured to automatically route includes a robotic device
configured to detach a first rail vehicle from a second rail
vehicle in the plurality of attached rail vehicles.

18. The system of claim 17, further comprising a compo-
nent configured to analyze measurement data acquired by the
at least one sensing device for each identified rail vehicle to
determine a presence of at least one defect for each identified
rail vehicle, wherein the component configured to automati-
cally route is configured to route an identified rail vehicle for
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repair when the analyzed measurement data indicates the
presence of at least one defect that requires repair and can be
repaired locally.

19. The system of claim 18, wherein the component con-
figured to analyze measurement data is configured to:

determine an overall condition of a component of the rail

vehicle having a defect based on a plurality of attributes
of the component; and

determine that the at least one defect does not require repair

based on the overall condition.

20. The system of claim 18, further comprising a compo-
nent configured to create a wear model for at least one com-
ponent of the plurality of related rail vehicles based on inspec-
tion data and operating data for the plurality of related rail
vehicles, and forecast at least one of: maintenance require-
ments or measurement data for a rail vehicle using the wear
model, wherein the component configured to analyze mea-
surement data uses the forecast.

sk sk sk sk sk
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