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TRAIN PARKING OR MOVEMENT
VERIFICATION AND MONITORING
SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

[0001] Field of the Invention

[0002] This invention relates generally to verification and
monitoring processes related to vehicle systems, such as
railway systems including trains travelling in a track or rail
network, and in particular to improved train parking or
movement verification and monitoring systems and meth-
ods.

[0003] Description of Related Art

[0004] Vehicle systems and networks exist throughout the
world, and, at any point in time, a multitude of vehicles, such
as cars, trucks, buses, trains, and the like, are travelling
throughout the system and network. With specific reference
to trains travelling in a track network, the locomotives of
such trains are typically equipped with or operated using
train control, communication, and management systems
(e.g., positive train control (PTC) systems), such as the
I-ETMS® of Wabtec Corp. Such train control systems
normally include at least one on-board computer (or con-
troller) that is used to manage and control the various actions
of the train through interaction with the operator.

[0005] As is known, braking systems and arrangements
are required for slowing and stopping vehicles, such as cars,
trucks, trains, railcars, railway vehicles, locomotives, and
the like. With specific respect to trains and other railway
vehicles, the braking system is normally in the form of a
pneumatically-driven arrangement (or “air brake arrange-
ment”) having mechanisms and components that interact
with each railcar. A known air brake system (BA) is illus-
trated in schematic form in FIG. 1.

[0006] With reference to FIG. 1, and as is known, the
operator of a train (TR) has control over the braking system
(BA) through the use of an operator control valve (CV).
Through the movement of a handle associated with the
control valve (CV), the operator can adjust the amount of
braking to be applied in the air brake system (BA). The
higher the braking force selected, the faster the braking
system (BA) will slow and stop the train TR. Alternatively,
and as discussed in more detail hereinafter, the air brake
system (BA) for each railcar may also be controlled by the
operator from an on-board computer (OBC) (which may be
in the form of a control system, a train management com-
puter, a computing device, a processor, and/or the like) in the
locomotive that transmits data signals over a trainline (TL)
(or cable extending between the locomotive and the rail-
cars), which may be referred to as an electronically-con-
trolled pneumatic (ECP) air brake arrangement.

[0007] In order to provide the appropriately compressed
air to the system, and in certain conventional air brake
applications, the air brake system (BA) also includes a
compressor (C) for providing compressed air to a main
reservoir (MR). Further, an equalizing reservoir (ER) is also
in communication with the control valve (CV). Whether
through the main reservoir (MR) or the equalizing reservoir
(ER), compressed air is supplied through the control valve
(CV) to a brake pipe (BP) that extends along and is asso-
ciated with each railcar. Each railcar includes an arrange-
ment that allows an auxiliary reservoir (AR) to be charged
with air via a valve (V), as well as an air brake arrangement
(ABB), which includes a brake cylinder (BC) in communi-
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cation with the valve (V). The brake cylinder (BC) is
operable to move a brake beam (BB), which is operationally
connected to one or more brake shoes (BS), towards and/or
against a surface of a wheel (W).

[0008] In operation, the brake pipe (BP) is continually
charged to maintain a specific pressure, e.g., 90 psi, and each
of the auxiliary reservoir (AR) and emergency reservoir
(ER) (which may be combined into a single volume, or main
reservoir) are similarly charged from the brake pipe (BP). In
order to brake the train (TR), the operator actuates the
control valve (CV) and removes air from the brake pipe
(BP), thereby reducing pressure to a lower level, e.g., 80 psi.
The valve arrangement (V) quits charging the auxiliary
reservoir (AR) and transfers air from the auxiliary reservoir
(AR) to the brake cylinder (BC). Normally, using piston-
operable arrangement, the brake cylinder (BC) moves the
brake beam (BB) (and, accordingly, the brake shoe (BS))
towards and against the wheel (W). As discussed, in con-
ventional, non-ECP air brake systems, the operator may
adjust the level of braking using the control valve (CV),
since the amount of pressure removed from the brake pipe
(BP) results in a specific pressure in the brake cylinder (BC),
which results in a specific application force of the brake shoe
(BS) against the wheel (W). Alternatively, in the ECP air
brake systems, the brake commands are electronic and
transmitted over the ECP trainline (TL) to each railcar.
Using the above-described air brake system (BA), the train
can be slowed and/or stopped during operation and as it
traverses the track. Further, each railcar is normally
equipped with a (typically manual) hand brake arrangement
(HB) for securing each car when parked or stopped, and in
order to ensure that the train (TR) does not move or shift.

[0009] In order to provide further control to the air brake
arrangement (BA), and as discussed above, ECP brake
arrangements can be used. In such ECP systems, control
signals can be transmitted from the on-board computer
(OBC), typically located in the cabin of the locomotive and
in communication with a display mechanism (i.e., the opera-
tor interface), to one or more of the railcars over the trainline
(TL). Each railcar is normally equipped with a local con-
troller (L.C), which is used to monitor and/or control certain
operating parameters in the air brake arrangement (ABB),
such as in the air reservoirs and/or the valve arrangement
(V). In this manner, the operator can broadcast brake com-
mands to the railcars to ensure a smooth, efficient, and
effective braking operation. This local controller (LC) typi-
cally includes the appropriate processor and components to
monitor and/or control various components of the air brake
system (BA) and/or the specific air brake arrangement
(ABB).

[0010] As discussed above, conventional freight cars
include hand brake arrangements (HB), which provide a
mechanical locking of brakes, normally based upon user
operation of a wheel (W) to apply force to a chain connected
to a brake lever system (which is connected to the brake
beam (BB)). Actuation of these hand brake arrangements
(HB) cause the brake shoes (BS) to contact the wheels (W)
via movement of the brake beams (BB). Operating rules
have been established by railroads, which require applica-
tion of the hand brake arrangement (HB) under a variety of
conditions. The most common condition is when “setting a
car off” from the train (TR) in order to park it in a yard or
siding track. However, as referred to above, the hand brake
arrangements (HB) are also used to secure the train (TR)
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under failure (or emergency) conditions when in mainline
operation. For example, these hand brake arrangements
(HB) may be used when the train (TR) failure exists, where
the locomotives are no longer able to maintain brake pipe
(BP) pressure. Another such condition exists when a crew
needs to secure the train (TR) and leave the locomotive
unmanned. A still further condition arises when the train
(TR) suffers a “break-in-two” event, leaving a group of cars
without a locomotive.

[0011] The “break-in-two” event and other conditions
requiring the stopping of a train (TR) are addressed through
exhausting the brake pipe (BP), which will lead to an
emergency brake application. Typical air brake systems,
even if maintained to AAR standards, can have a brake
cylinder leak rate of up to 1 psi per minute, which are
considered to be within acceptable leakage rates. This level
is normally used to provide a time guideline for train crews
to gauge when to manually apply the hand brake arrange-
ments (HB) and secure the train (TR). The number of cars
that require this hand brake arrangement (HB) application
may vary based on the number of cars in the train consist,
the train weight, the track location, the average grade of the
track, and similar factors and conditions. Crews normally
need to apply the hand brake arrangements (HB) within
about one-half hour after the condition arises, and after the
hand brake arrangements (HB) are applied, the brake cyl-
inder BC can leak to zero, such that the car will be secured.
[0012] As discussed above, it is important that there is
some verification that all (or a specified set) of the hand
brake arrangements are activated or set prior to leaving the
train (TR) unmanned. For example, and as discussed, due to
leakage of the reservoirs of the railcars, it is possible that
such leakage will lead to a disengagement between the brake
shoes (BS) and the wheels (W) (such that the train (or
railcar) is free to move, which demonstrates the need to
ensure that the hand brake arrangements (HB) are set.
Similarly, when a parked train (TR) is ready to be put back
in active service, the reverse steps are taken.

[0013] The more monitoring and verification information
that the operator obtains with respect to the parameters of the
train, the greater the ability to effectively control and man-
age the operation of the train (TR). In addition, the ability to
automate some or all of these monitoring and verification
processes or procedures leads to a safer operation and
environment. Accordingly, there is a need in the art to
provide monitoring features with respect to detecting or
monitoring the movement or non-movement of the train
(TR). There is also a need in the art to provide a verification
process associated with the parking of the train (TR) and/or
the subsequent movement of the train (TR).

SUMMARY OF THE INVENTION

[0014] Generally, provided are improved train parking or
movement verification and monitoring systems and methods
for use in connection with trains travelling in a track
network. Preferably, provided are train parking or movement
verification and monitoring systems and methods that pro-
vide monitoring and verification features that result in
computer-implemented processes for use in connection with
a train. Preferably, provided are train parking or movement
verification and monitoring systems and methods that pro-
vide an automated process that improves safe parking and
movement of the train. Preferably, provided are train parking
or movement verification and monitoring systems and meth-
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ods that facilitate crew interaction and input to ensure safe
parking and operation of a train.

[0015] According to one preferred and non-limiting
embodiment or aspect, provided is a parking verification
system for a train having a braking a system, at least one
locomotive, and at least one railcar, wherein the at least one
locomotive and/or the at least one railcar is equipped with at
least one manually-operated parking assembly, the system
comprising: at least one on-board computer associated with
the train and programmed or configured to: (a) when the
train is not moving, generate braking system test data related
to at least one braking system parameter; (b) based at least
partially on the braking system test data: (i) generate alarm
data or (ii) initiate a non-parked mode for the train; (c) after
initiating non-parked mode and movement of the train,
determine whether the train has subsequently stopped mov-
ing; and (d) repeat steps (a) and (b).

[0016] In one preferred and non-limiting embodiment or
aspect, the parking verification system further comprises at
least one operator interface programmed or configured to
receive operator input. In another preferred and non-limiting
embodiment or aspect, the on-board computer is further
programmed or configured to generate at least one query
requesting the input of train data. In another preferred and
non-limiting embodiment or aspect, the train data comprises
at least one of the following: operator name, operator
identification, identification data, contact data, locomotive
data, consist data, railcar data, location data, weight data,
speed data, time data, grade data, payload data, braking
system data, or any combination thereof. In another pre-
ferred and non-limiting embodiment or aspect, the on-board
computer is further programmed or configured to generate at
least one query requesting the input of braking system data.
In another preferred and non-limiting embodiment or aspect,
the braking system test data is at least partially based on at
least a portion of the braking system data. In another
preferred and non-limiting embodiment or aspect, at least a
portion of the alarm data is visually displayed on the at least
one operator interface.

[0017] In one preferred and non-limiting embodiment or
aspect, the alarm data comprises at least one of the follow-
ing: visual data, aural data, tactile data, braking system test
data, braking system data, train data, braking system param-
eter data, or any combination thereof.

[0018] In one preferred and non-limiting embodiment or
aspect, provided is a parking verification system for a train
having a braking system, at least one locomotive, and at least
one railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the system comprising: at least
one on-board computer associated with the train and pro-
grammed or configured to: (a) initiate a parking verification
process; (b) determine or receive train data; (c) verify at least
one train parameter; (d) generate at least one prompt to
activate at least one manually-operated parking assembly of
at least one locomotive and/or at least one railcar; and (e)
based upon operator input related to the at least one prompt,
generate at least one prompt to activate or deactivate at least
one component of the braking system.

[0019] In one preferred and non-limiting embodiment or
aspect, the train data comprises at least one of the following:
operator name, operator identification, identification data,
contact data, locomotive data, consist data, railcar data,



US 2017/0066458 Al

location data, weight data, speed data, time data, grade data,
payload data, braking system data, or any combination
thereof.

[0020] In one preferred and non-limiting embodiment or
aspect, the at least one train parameter comprises at least one
of the following: locomotive data, braking system parameter
data, or any combination thereof. In one preferred and
non-limiting embodiment or aspect, step (c) further com-
prises: (c)(1) verification that the speed of the at least one
locomotive is zero; (c)(2) verification that brake pipe pres-
sure has been reduced; and (c¢)(3) verification that locomo-
tive cylinder pressure has been applied.

[0021] In one preferred and non-limiting embodiment or
aspect, step (d) further comprises determining, by the at least
one on-board computer, specific locomotives and/or specific
railcars on which the manually-operated braking assembly
should be activated. In another preferred and non-limiting
embodiment or aspect, the determination is at least partially
based upon the grade of the track upon which the train is
parked.

[0022] In one preferred and non-limiting embodiment or
aspect, prior to step (e), the at least one on-board computer
is further programmed or configured to wait for a specified
period of time. In another preferred and non-limiting
embodiment or aspect, the specified period of time is at least
partially based upon at least one of the following: a number
of manually-operated braking assemblies to be activated, a
position of at least one manually-operated braking assembly
to be activated, train data, track data, environment data,
weather data, or any combination thereof.

[0023] In one preferred and non-limiting embodiment or
aspect, the at least one on-board computer is further pro-
grammed or configured to verify the activation or deactiva-
tion of the at least one component of the braking system.

[0024] In one preferred and non-limiting embodiment or
aspect, the at least one on-board computer is further pro-
grammed or configured to: (f) generate at least one prompt
to activate at least one throttle control component; (g) verify
that the at least one throttle control component has been
activated; and (h) determine whether the train has moved in
response to the activation of the throttle control component.
In another preferred and non-limiting embodiment or aspect,
step (f) comprises at least one prompt to activate the at least
one throttle control component to cause the train to move in
at least one of a forward direction and a reverse direction. In
another preferred and non-limiting embodiment or aspect,
the at least one prompt further comprises an instruction to
continue activating the at least one throttle control compo-
nent for a specified period of time.

[0025] In another preferred and non-limiting embodiment
or aspect, step (g) comprises at least one of the following: (i)
receiving feedback from at least one component of the train;
(ii) receiving feedback from at least one sensor of the train;
or any combination thereof. In one preferred and non-
limiting embodiment or aspect, step (h) comprises at least
one of the following: (i) determining movement data at least
partially based upon feedback from at least one component
of'the train; (i) determining movement data at least partially
based upon feedback from at least one sensor of the train;
(iii) determining movement data at least partially based upon
determined or sensed motor current; (iv) determining move-
ment data at least partially based upon user input; or any
combination thereof.
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[0026] In one preferred and non-limiting embodiment or
aspect, the at least one on-board computer is programmed or
configured to enter at least one parked mode. In another
preferred and non-limiting embodiment or aspect, the at
least one on-board computer is programmed or configured
to: (i) terminate the at least one parked mode; and (ii)
communicate or cause the communication of at least one
message that the at least one parked mode has been or will
be terminated. In another preferred and non-limiting
embodiment or aspect, the at least one on-board computer is
programmed or configured to communicate or cause the
communication of at least one message to activate or deac-
tivate at least one component of the braking system or at
least one manually-operated braking assembly.

[0027] In one preferred and non-limiting embodiment or
aspect, at least one step of a procedure directed to or
associated with parking verification process is stored in at
least one database. In one preferred and non-limiting
embodiment or aspect, and while the train is parked, the at
least one on-board computer is further programmed or
configured to: determine or detect whether the train is
moving; and if train movement is determined or detected,
generate alarm data. In another preferred and non-limiting
embodiment or aspect, the determination or detection of
movement comprises at least one of the following: sensing
or determining rotation or movement of an independent
rotating structure; sensing or determining movement of at
least one railcar; sensing or determining movement of at
least one end-of-train device; collecting and processing
visual data; collecting and processing radar data; collecting
and processing position data; collecting and processing
accelerometer data; or any combination thereof.

[0028] In one preferred and non-limiting embodiment or
aspect, and while the train is parked, at least one computer
is programmed or configured to determine or detect at least
one of the following: (i) activation of or interaction with at
least one throttle control component; (ii) operation of or
interaction with at least one manual release rod; (iii) opera-
tion of or interaction with at least one hand brake arrange-
ment; (iv) operation of or interaction with at least one
component of the braking system; (v) operation of or
interaction with at least one component of a manifold; (vi)
operation of or interaction with at least one actuator; (vii) a
pressure change in at least one component of the braking
system; (viii) a pressure drop in at least one component of
the braking system; or any combination thereof. In one
preferred and non-limiting embodiment or aspect, and while
the train is parked, the at least one on-board computer is
programmed or configured to: determine or detect activation
of or interaction with at least one component of the braking
system or the manually-operated parking assembly; and if
activation or interaction is determined or detected, generate
alarm data. In one preferred and non-limiting embodiment
or aspect, and while the train is parked, the at least one
on-board computer is programmed or configured to: deter-
mine or detect a change in at least one braking system
parameter; and if change is determined or detected, generate
alarm data.

[0029] In a further preferred and non-limiting embodiment
or aspect, provided is a parked train monitoring system for
a train having a braking a system, at least one locomotive,
and at least one railcar, wherein the at least one locomotive
and/or the at least one railcar is equipped with at least one
manually-operated parking assembly, the system compris-
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ing: at least one on-board computer associated with the train
and programmed or configured to: (a) when the train is not
moving, determine or detect at least one of the following: (i)
the length of time that the train has not moved, (ii) the length
of time that at least one component of the braking system has
been activated, (iii) whether a specified process or procedure
has been initiated or completed, or any combination thereof;,
and (b) based at least partially on the determination or
detection, generate alarm data.

[0030] In one preferred and non-limiting embodiment or
aspect, and based at least partially on at least a portion of the
alarm data, the at least one on-board computer is pro-
grammed or configured to implement or cause at least one of
the following: an audible alarm in the at least one locomo-
tive; activation of a horn or bell of the train; powering of at
least one light associated with the train; communication of
at least one message to at least one user; communication of
at least one message to a remote server; or any combination
thereof.

[0031] In another preferred and non-limiting embodiment
or aspect, provided is a movement detection system for a
train having at least one locomotive and at least one railcar,
comprising: at least one visual data collection device pro-
grammed or configured to generate visual data based at least
partially on visual signals collected by the at least one visual
data collection device; and at least one computer associated
with the at least one locomotive or the at least one railcar that
is programmed or configured to: process at least a portion of
the visual data; and at least partially based upon the pro-
cessing, determine at least one parameter associated with
movement of at least a portion of the train.

[0032] In one preferred and non-limiting embodiment or
aspect, the processing step comprises: separating the visual
data into a plurality of discrete sequential frames; detecting
at least one feature in in at least two of the plurality of
discrete sequential frames; and based at least partially on a
change in the position of the at least one feature in the at
least two of the plurality of discrete sequential frames,
generating movement data. In another preferred and non-
limiting embodiment or aspect, the at least one feature
comprises at least one rail tie. In another preferred and
non-limiting embodiment or aspect, the system further com-
prises: converting the at least two discrete sequential frames
into a high contrast image; processing the high contrast
image to determine edge data associated with the at least one
feature; and determining movement data based at least
partially on a comparison of at least a portion of the edge
data. In another preferred and non-limiting embodiment or
aspect, the at least one visual data collection device is
positioned on or associated with at least one end-of-train
device.

[0033] In one preferred and non-limiting embodiment or
aspect, provided is a parking verification method for a train
having a braking a system, at least one locomotive, and at
least one railcar, wherein the at least one locomotive and/or
the at least one railcar is equipped with at least one manu-
ally-operated parking assembly, the method comprising: (a)
when the train is not moving, generating braking system test
data related to at least one braking system parameter; (b)
based at least partially on the braking system test data: (i)
generating alarm data or (ii) initiating a non-parked mode
for the train; (c) after initiating non-parked mode and
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movement of the train, determining whether the train has
subsequently stopped moving; and (d) repeating steps (a)
and (b).

[0034] In one preferred and non-limiting embodiment or
aspect, provided is a parking verification method for a train
having a braking system, at least one locomotive, and at least
one railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the method comprising: (a)
initiating a parking verification process; (b) determining or
receiving train data; (c) verifying at least one train param-
eter; (d) generating at least one prompt to activate at least
one manually-operated parking assembly of at least one
locomotive and/or at least one railcar; and (e) based upon
operator input related to the at least one prompt, generating
at least one prompt to activate or deactivate at least one
component of the braking system.

[0035] In one preferred and non-limiting embodiment or
aspect, provided is a parked train monitoring method for a
train having a braking a system, at least one locomotive, and
at least one railcar, wherein the at least one locomotive
and/or the at least one railcar is equipped with at least one
manually-operated parking assembly, the method compris-
ing: (a) when the train is not moving, determining or
detecting at least one of the following: (i) the length of time
that the train has not moved, (ii) the length of time that at
least one component of the braking system has been acti-
vated, (iii) whether a specified process or procedure has been
initiated or completed, or any combination thereof; and (b)
based at least partially on the determination or detection,
generating alarm data.

[0036] In one preferred and non-limiting embodiment or
aspect, provided is a movement detection method for a train
having at least one locomotive and at least one railcar,
comprising: generating visual data based at least partially on
visual signals collected by at least one visual data collection
device; and processing at least a portion of the visual data;
and at least partially based upon the processing, determining
at least one parameter associated with movement of at least
a portion of the train.

[0037] Various further preferred and non-limiting embodi-
ments or aspects are included as set forth in the following
numbered clauses:

[0038] Clause 1: A parking verification system for a train
having a braking a system, at least one locomotive, and at
least one railcar, wherein the at least one locomotive and/or
the at least one railcar is equipped with at least one manu-
ally-operated parking assembly, the system comprising: at
least one on-board computer associated with the train and
programmed or configured to: (a) when the train is not
moving, generate braking system test data related to at least
one braking system parameter; (b) based at least partially on
the braking system test data: (i) generate alarm data or (ii)
initiate a non-parked mode for the train; (c) after initiating
non-parked mode and movement of the train, determine
whether the train has subsequently stopped moving; and (d)
repeat steps (a) and (b).

[0039] Clause 2. The parking verification system of clause
1, further comprising at least one operator interface pro-
grammed or configured to receive operator input.

[0040] Clause 3. The parking verification system of clause
2, wherein the on-board computer is further programmed or
configured to generate at least one query requesting the input
of train data.
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[0041] Clause 4. The parking verification system of clause
3, wherein the train data comprises at least one of the
following: operator name, operator identification, identifi-
cation data, contact data, locomotive data, consist data,
railcar data, location data, weight data, speed data, time data,
grade data, payload data, braking system data, or any
combination thereof.

[0042] Clause 5. The parking verification system of any of
clauses 2-4, wherein the on-board computer is further pro-
grammed or configured to generate at least one query
requesting the input of braking system data.

[0043] Clause 6. The parking verification system of clause
5, wherein the braking system test data is at least partially
based on at least a portion of the braking system data.
[0044] Clause 7. The parking verification system of any of
clauses 2-6, wherein at least a portion of the alarm data is
visually displayed on the at least one operator interface.
[0045] Clause 8. The parking verification system of any of
clauses 1-7, wherein the alarm data comprises at least one of
the following: visual data, aural data, tactile data, braking
system test data, braking system data, train data, braking
system parameter data, or any combination thereof.

[0046] Clause 9. A parking verification system for a train
having a braking system, at least one locomotive, and at least
one railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the system comprising: at least
one on-board computer associated with the train and pro-
grammed or configured to: (a) initiate a parking verification
process; (b) determine or receive train data; (c) verify at least
one train parameter; (d) generate at least one prompt to
activate at least one manually-operated parking assembly of
at least one locomotive and/or at least one railcar; and (e)
based upon operator input related to the at least one prompt,
generate at least one prompt to activate or deactivate at least
one component of the braking system.

[0047] Clause 10. The parking verification system of
clause 9, wherein the train data comprises at least one of the
following: operator name, operator identification, identifi-
cation data, contact data, locomotive data, consist data,
railcar data, location data, weight data, speed data, time data,
grade data, payload data, braking system data, or any
combination thereof.

[0048] Clause 11. The parking verification system of
clause 9 or 10, wherein the at least one train parameter
comprises at least one of the following: locomotive data,
braking system parameter data, or any combination thereof.
[0049] Clause 12. The parking verification system of
clause 11, wherein step (c) further comprises: (c)(1) verifi-
cation that the speed of the at least one locomotive is zero;
(¢)(2) verification that brake pipe pressure has been reduced;
and (c)(3) verification that locomotive cylinder pressure has
been applied.

[0050] Clause 13. The parking verification system of any
of clauses 9-12, wherein step (d) further comprises deter-
mining, by the at least one on-board computer, specific
locomotives and/or specific railcars on which the manually-
operated braking assembly should be activated.

[0051] Clause 14. The parking verification system of
clause 13, wherein the determination is at least partially
based upon the grade of the track upon which the train is
parked.

[0052] Clause 15. The parking verification system of any
of clauses 9-14, wherein, prior to step (e), the at least one
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on-board computer is further programmed or configured to
wait for a specified period of time.

[0053] Clause 16. The parking verification system of
clause 15, wherein the specified period of time is at least
partially based upon at least one of the following: a number
of manually-operated braking assemblies to be activated, a
position of at least one manually-operated braking assembly
to be activated, train data, track data, environment data,
weather data, or any combination thereof.

[0054] Clause 17. The parking verification system of any
of clauses 9-16, wherein the at least one on-board computer
is further programmed or configured to verify the activation
or deactivation of the at least one component of the braking
system.

[0055] Clause 18. The parking verification system of any
of clauses 9-17, wherein the at least one on-board computer
is further programmed or configured to: (f) generate at least
one prompt to activate at least one throttle control compo-
nent; (g) verify that the at least one throttle control compo-
nent has been activated; and (h) determine whether the train
has moved in response to the activation of the throttle
control component.

[0056] Clause 19. The parking verification system of
clause 18, wherein step (f) comprises at least one prompt to
activate the at least one throttle control component to cause
the train to move in at least one of a forward direction and
a reverse direction.

[0057] Clause 20. The parking verification system of
clause 19, wherein the at least one prompt further comprises
an instruction to continue activating the at least one throttle
control component for a specified period of time.

[0058] Clause 21. The parking verification system of any
of clauses 18-20, wherein step (g) comprises at least one of
the following: (i) receiving feedback from at least one
component of the train; (ii) receiving feedback from at least
one sensor of the train; or any combination thereof.

[0059] Clause 22. The parking verification system of any
of clauses 18-21, wherein step (h) comprises at least one of
the following: (i) determining movement data at least par-
tially based upon feedback from at least one component of
the train; (ii) determining movement data at least partially
based upon feedback from at least one sensor of the train;
(iii) determining movement data at least partially based upon
determined or sensed motor current; (iv) determining move-
ment data at least partially based upon user input; or any
combination thereof.

[0060] Clause 23. The parking verification system of any
of clauses 9-22, wherein the at least one on-board computer
is programmed or configured to enter at least one parked
mode.

[0061] Clause 24. The parking verification system of
clause 23, wherein the at least one on-board computer is
programmed or configured to: (i) terminate the at least one
parked mode; and (i) communicate or cause the communi-
cation of at least one message that the at least one parked
mode has been or will be terminated.

[0062] Clause 25. The parking verification system of
clause 24, wherein the at least one on-board computer is
programmed or configured to communicate or cause the
communication of at least one message to activate or deac-
tivate at least one component of the braking system or at
least one manually-operated braking assembly.

[0063] Clause 26. The parking verification system of any
of clauses 9-25, wherein at least one step of a procedure
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directed to or associated with parking verification process is
stored in at least one database.

[0064] Clause 27. The parking verification system of any
of clauses 9-26, wherein, while the train is parked, the at
least one on-board computer is further programmed or
configured to: determine or detect whether the train is
moving; and if train movement is determined or detected,
generate alarm data.

[0065] Clause 28. The parking verification system of
clause 27, wherein the determination or detection of move-
ment comprises at least one of the following: sensing or
determining rotation or movement of an independent rotat-
ing structure; sensing or determining movement of at least
one railcar; sensing or determining movement of at least one
end-of-train device; collecting and processing visual data;
collecting and processing radar data; collecting and process-
ing position data; collecting and processing accelerometer
data; or any combination thereof.

[0066] Clause 29. The parking verification system of any
of clauses 9-28, wherein, while the train is parked, at least
one computer is programmed or configured to determine or
detect at least one of the following: (i) activation of or
interaction with at least one throttle control component; (ii)
operation of or interaction with at least one manual release
rod; (iii) operation of or interaction with at least one hand
brake arrangement; (iv) operation of or interaction with at
least one component of the braking system; (v) operation of
or interaction with at least one component of a manifold; (vi)
operation of or interaction with at least one actuator; (vii) a
pressure change in at least one component of the braking
system; (viii) a pressure drop in at least one component of
the braking system; or any combination thereof.

[0067] Clause 30. The parking verification system of any
of clauses 9-29, wherein, while the train is parked, the at
least one on-board computer is programmed or configured
to: determine or detect activation of or interaction with at
least one component of the braking system or the manually-
operated parking assembly; and if activation or interaction is
determined or detected, generate alarm data.

[0068] Clause 31. The parking verification system of any
of clauses 9-30, wherein, while the train is parked, the at
least one on-board computer is programmed or configured
to: determine or detect a change in at least one braking
system parameter; and if change is determined or detected,
generate alarm data.

[0069] Clause 32. A parked train monitoring system for a
train having a braking a system, at least one locomotive, and
at least one railcar, wherein the at least one locomotive
and/or the at least one railcar is equipped with at least one
manually-operated parking assembly, the system compris-
ing: at least one on-board computer associated with the train
and programmed or configured to: (a) when the train is not
moving, determine or detect at least one of the following: (i)
the length of time that the train has not moved, (ii) the length
of time that at least one component of the braking system has
been activated, (iii) whether a specified process or procedure
has been initiated or completed, or any combination thereof;,
and (b) based at least partially on the determination or
detection, generate alarm data.

[0070] Clause 33. The parked train monitor system of
clause 32, wherein, based at least partially on at least a
portion of the alarm data, the at least one on-board computer
is programmed or configured to implement or cause at least
one of the following: an audible alarm in the at least one
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locomotive; activation of a horn or bell of the train; pow-
ering of at least one light associated with the train; commu-
nication of at least one message to at least one user;
communication of at least one message to a remote server;
or any combination thereof.

[0071] Clause 34. A movement detection system for a train
having at least one locomotive and at least one railcar,
comprising: at least one visual data collection device pro-
grammed or configured to generate visual data based at least
partially on visual signals collected by the at least one visual
data collection device; and at least one computer associated
with the at least one locomotive or the at least one railcar that
is programmed or configured to: process at least a portion of
the visual data; and at least partially based upon the pro-
cessing, determine at least one parameter associated with
movement of at least a portion of the train.

[0072] Clause 35. The movement detection system of
clause 34, wherein the processing step comprises: separating
the visual data into a plurality of discrete sequential frames;
detecting at least one feature in in at least two of the plurality
of discrete sequential frames; and based at least partially on
a change in the position of the at least one feature in the at
least two of the plurality of discrete sequential frames,
generating movement data.

[0073] Clause 36. The movement detection system of
clause 35, wherein the at least one feature comprises at least
one rail tie.

[0074] Clause 37. The movement detection system of
clause 35 or 36, further comprising: converting the at least
two discrete sequential frames into a high contrast image;
processing the high contrast image to determine edge data
associated with the at least one feature; and determining
movement data based at least partially on a comparison of at
least a portion of the edge data.

[0075] Clause 38. The movement detection system of any
of clauses 34-37, wherein the at least one visual data
collection device is positioned on or associated with at least
one end-of-train device.

[0076] These and other features and characteristics of the
present invention, as well as the methods of operation and
functions of the related elements of structures and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the invention. As
used in the specification and the claims, the singular form of
“a”, “an”, and “the” include plural referents unless the
context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0077] FIG. 1 is a schematic view of an air brake system
for use on a train in accordance with the prior art;

[0078] FIG. 2 is a schematic view of a train parking or
movement verification and monitoring system according to
the principles of the present invention; and

[0079] FIG. 3 is a schematic view of a movement or
motion detection system according to the principles of the
present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0080] For purposes of the description hereinafter, the
terms “upper”, “lower”, “right”, “left”, “vertical”, “horizon-
tal”, “top”, “bottom”, “lateral”, “longitudinal” and deriva-
tives thereof shall relate to the invention as it is oriented in
the drawing figures. It is to be understood that the invention
may assume various alternative variations and step
sequences, except where expressly specified to the contrary.
It is also to be understood that the specific devices and
processes illustrated in the attached drawings, and described
in the following specification, are simply exemplary
embodiments or aspects of the invention. Hence, specific
dimensions and other physical characteristics related to the
embodiments or aspects disclosed herein are not to be
considered as limiting.

[0081] As used herein, the terms “communication” and
“communicate” refer to the receipt, transmission, or transfer
of one or more signals, messages, commands, or other type
of data. For one unit or device to be in communication with
another unit or device means that the one unit or device is
able to receive data from and/or transmit data to the other
unit or device. A communication may use a direct or indirect
connection, and may be wired and/or wireless in nature.
Additionally, two units or devices may be in communication
with each other even though the data transmitted may be
modified, processed, routed, etc., between the first and
second unit or device. For example, a first unit may be in
communication with a second unit even though the first unit
passively receives data, and does not actively transmit data
to the second unit. As another example, a first unit may be
in communication with a second unit if an intermediary unit
processes data from one unit and transmits processed data to
the second unit. It will be appreciated that numerous other
arrangements are possible. Any known electronic commu-
nication protocols and/or algorithms may be used such as,
for example, TCP/IP (including HTTP and other protocols),
WLAN (including 802.11 and other radio frequency-based
protocols and methods), analog transmissions, and/or the
like. It is to be noted that a “communication device” includes
any device that facilitates communication (whether wire-
lessly or hard-wired (e.g., over the rails of a track)) between
two units, such as two locomotive units or control cars. In
one preferred and non-limiting embodiment or aspect, the
“communication device” is a radio transceiver programmed,
configured, or adapted to wirelessly transmit and receive
radio frequency signals and data over a radio signal com-
munication path.

[0082] The navigation system and computer-implemented
communication method described and claimed herein may
be implemented in a variety of systems and vehicular
networks; however, the systems and methods described
herein are particularly useful in connection with a railway
system and network. Accordingly, the presently-invented
methods and systems can be implemented in various known
train control and management systems, e.g., the [-[ETMS®
of Wabtec Corp. The systems and methods described herein
are useful in connection with and/or at least partially imple-
mented on one or more locomotives or control cars that
make up a train (TR), such as a train (TR) in a “push-pull”
arrangement. It should be noted that multiple locomotives or
control cars may be included in the train (TR) to facilitate
the reduction of the train (TR) to match with passenger (or
some other) demand or requirement. Further, the method and
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systems described herein can be used in connection with
commuter trains, freight train, and/or other train arrange-
ments and systems.

[0083] Accordingly, and in one preferred and non-limiting
embodiment or aspect, and as illustrated in FIG. 2, the
system architecture used to support the functionality of at
least some of the methods and systems described herein
includes a train management computer or on-board com-
puter 10 (which performs calculations for or within the
Positive Train Control (PTC) system, including navigation
calculations and is typically located in one or more of the
locomotives or control cars (L)), a communication device 12
or data radio (which may be used to facilitate the commu-
nications between the on-board computers 10 in one or more
of the locomotives or control cars (L) of a train (TR),
communications with a wayside device, e.g., signals, switch
monitors, and the like, and/or communications with a remote
server, e.g., a back office server, a central controller, central
dispatch, and/or), at least one database 14 (which may
include information about the train or its operating param-
eters, track positions or locations, switch locations, track
heading changes, e.g., curves, distance measurements, train
information, e.g., the number of locomotives, the number of
cars, the number of conventional passenger cars, the number
of control cars, the total length of the train, the specific
identification numbers of each locomotive or control car (L)
where PTC equipment (e.g., an on-board computer 10) is
located, and the like), and a navigation system 16 (optionally
including a positioning system 18 (e.g., a Global Positioning
System (GPS)) and/or a wheel tachometer/speed sensor 20).
In addition, an operator interface 22 (e.g., an interactive
display, a computer screen, a computer monitor, a display in
communication with an input device, a display device, a
display mechanism, and the like) is provided and in direct or
indirect communication with the on-board computer 10 for
displaying information and data to the operator/user. With
continued reference to the embodiment or aspect of FIG. 2,
and as discussed above, the locomotive or control car (L) is
communication with the railcars (R) over the Trainline (TL)
and/or through wireless communication. As further dis-
cussed, some or all of the railcars (R) are equipped with an
air brake arrangement (ABB), which includes a hand brake
arrangement (HB).

[0084] As illustrated in schematic form in FIG. 2, and
according to one preferred and non-limiting embodiment or
aspect, provided is a parking verification system 100 for a
train (TR) having a braking system, e.g., air brake system
(BA), at least one locomotive or control car (L), and at least
one railcar (R). The at least one locomotive or control car (L)
and/or the at least one railcar (R) is equipped with at least
one manually-operated parking assembly, e.g., the above-
discussed hand brake arrangement (HB). The system further
includes at least one on-board computer 10 associated with
the train (TR), and, in this embodiment or aspect and when
the train (TR) is not moving (e.g., after the operator applies
the air brake arrangements (ABB) on the locomotive (L) and
railcars (R)), the on-board computer 10 is programmed or
configure to: (a) generate braking system test data related to
at least one braking system parameter; (b) based at least
partially on the braking system test data: (i) generate alarm
data or (ii) initiate a non-parked mode for the train (TR); and
(c) after initiating this non-parked mode and movement of
the train, determine whether the train (TR) has subsequently
stopped moving; and (d) repeat steps (a) and (b).
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[0085] In a preferred and non-limiting embodiment or
aspect, the operator/user, e.g., the crew, interacts with the
operator interface 22 (which is controlled by the on-board
computer 10), which is programmed or configured to receive
operator input. The operator may initiate the parking veri-
fication method, process, or procedure using operator inter-
face 22. In this embodiment or aspect, the on-board com-
puter is further programmed or configured to generate at
least one query requesting the input of train data. For
example, the train data includes at least one of the following:
operator name, operator identification, identification data
(e.g., an electronic identification card, such as those
described in U.S. Pat. No. 5,816,541 (which is incorporated
herein by reference)), contact data (e.g., cell phone infor-
mation), locomotive data (e.g., the number of locomotives or
control cars (L) in the consist), consist data, railcar data
(e.g., the number of railcars (R) in the train (TR), location
data (e.g., milepost location), weight data, speed data (e.g.,
locomotive (L) speed, end-of-train device speed, verification
that the speed is zero, and the like), time data (e.g., the
approximate number of hours the train (TR) is expected to
remain parked), grade data (e.g., the approximate grade of
the track), payload data (e.g., hazardous materials, etc.),
braking system data (e.g., brake pipe (BP) pressure, loco-
motive brake cylinder pressure, etc.), or any combination
thereof. Further, it is recognized that at least a portion of
these data points can be automatically generated or deter-
mined by the on-board computer 10, e.g., sensing that the
speed of the locomotive (L) and/or the end-of-train device is
zero, determining that the brake pipe (BP) pressure has been
reduced, such that the air brake arrangements (ABB) are
applied, and/or determining that the locomotive brake cyl-
inder pressure is applied.

[0086] In another preferred and non-limiting embodiment
or aspect, the on-board computer 10 is further programmed
or configured to generate at least one query requesting the
input of braking system data, and the braking system test
data may be at least partially based on at least a portion of
the braking system data. For example, the query may request
a confirmation that the terminal air brake tests have been
successfully complete, at which point the operator interface
22 may display a “Start Trip” message. This entire process,
including the data entries and determination, may be
recorded and stored in the database 14 (or transmitted to
some remote server 24, e.g., central dispatch, a central
controller, a wayside device, a remote computer, and the
like). In addition, the on-board computer 10 may perform
this confirmation process automatically and/or indepen-
dently of the operator. After confirmation, the on-board
computer 10 may place the train (TR) in a “Non-parked
Mode”. At subsequent stops, e.g., stops where railcars (R)
are added (and another air brake test is required), the process
is repeated and/or recorded. Further, at these intermediate
stops, the on-board computer 10 can be programmed or
configured to display a “Re-Start Trip”” message after receiv-
ing confirmation (or independently and/or automatically
determining) that the air brake test was successfully com-
pleted.

[0087] Ifitis determined from the air brake data (whether
sensed, determined, or input) that the appropriate air brake
test has not been completed, or has been completed but
indicates a problem or fault is present, the on-board com-
puter 10 may generate alarm data. Similarly, if the operator
does not respond to the query for a specified period of time,
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or with improper input, such alarm data will be generated.
This alarm data is used to generate an alarm to the operator
and/or crew, and in one-preferred and non-limiting embodi-
ment or aspect, the train (TR) will be prevented from
moving. In this embodiment or aspect, at least a portion of
the alarm data is visually displayed on the operator interface
22. Further, this alarm data be in the form of or include at
least one of the following: visual data, aural data, tactile
data, braking system test data, braking system data, train
data, braking system parameter data, or any combination
thereof.

[0088] In another preferred and non-limiting embodiment
or aspect, the parking verification system 100 includes the
on-board computer 10, which is programmed or configured
to: (a) initiate a parking verification process; (b) determine
or receive train data; (c) verify at least one train parameter;
(d) generate at least one prompt to activate at least one
manually-operated parking assembly of at least one loco-
motive (L) and/or at least one railcar (R); and (e) based upon
operator input related to the at least one prompt, generate at
least one prompt to activate or deactivate at least one
component of the braking system.

[0089] In this embodiment or aspect, the operator may
have applied or activated the air brake system (BA) and
brought the train (TR) to a stop. At that point, the verification
process is initiated (and, as discussed above, optionally
recorded and/or stored in the database 14 or at the remote
server 24). As discussed, the train data may include at least
one of the following: operator name, operator identification,
identification data, contact data, locomotive data, consist
data, railcar data, location data, weight data, speed data, time
data, grade data, payload data, braking system data, or any
combination thereof. Further, the at least one train parameter
may include or be in the form of at least one of the
following: locomotive data (e.g., data or information related
to or associated with the locomotive or control car (L),
braking system parameter data (e.g., data or information
related to or associated with any component of the air brake
system (BA)), or any combination thereof. This train data
may be automatically determined, selected from data in the
database 14, input by the operator at the operator interface
22, received from the remote server 24, and/or the like.

[0090] In another preferred and non-limiting embodiment
or aspect, the train parameter verification step includes one
or more of the following: verification that the speed of the
locomotive (L) is zero; verification that brake pipe pressure
has been reduced (indicating that the air brake system (BA)
has been activated; and/or verification that the locomotive
brake cylinder pressure has been applied. These verifications
can be accomplished in an automated process, e.g., a process
using sensors or other feedback devices, by the on-board
computer 10.

[0091] In another preferred and non-limiting embodiment
or aspect, the on-board computer 10 is programmed or
configured to determine specific locomotives (L) and/or
specific railcars (R) on which the hand brake arrangement
(HB), e.g., the manually-operated braking assembly, should
be activated. This determination can be used to generate a
message for display on the operator interface 22. For
example, the message may instruct the operator to apply the
hand brake arrangement (HB) on each locomotive (L) and
ever X railcar (R), where X is dependent upon the grade data
for the track upon which the train (TR) is parked.
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[0092] In another preferred and non-limiting embodiment
or aspect, and prior to prompting the operator activate or
deactivate a component of the air brake system (BA), the
one on-board computer 10 is further programmed or con-
figured to wait for a specified period of time, and this
specified period of time may at least partially be based upon
at least one of the following: a number of hand brake
arrangements (HB) to be activated, a position of at least one
hand brake arrangement (HB) to be activated, train data,
track data, environment data, weather data, or any combi-
nation thereof. For example, the on-board computer 10 may
lock-out the operator or somehow prevent further operations
for a specified period of time that is at least partially based
upon an estimate of the time it should take to activate the
specified hand brake arrangements (HB) on the specified
locomotives (L) and/or railcars (R). This eliminates any
perceived benefit of avoiding setting all of the required hand
brake arrangements (HB) to “save time” in the parking
process. Further, a countdown may be displayed to the
operator during the waiting period, e.g., “Waiting XX sec-
onds while hand brakes are being applied,” “Locked for XX
seconds while X hand brakes are being applied,” or the like.
After the specified period of time, the on-board computer 10
may generate a query to the operator asking whether all of
the specified hand brake arrangements (HB) have been
applied. Once the operator has confirmed proper application,
the on-board computer 10 may generate a prompt to the
operator to activate or deactivate one or more components of
the air brake system (BA), e.g., “You may now release the
air brakes.”

[0093] In another preferred and non-limiting embodiment
or aspect, the on-board computer 10 is further programmed
or configured to verity the activation or deactivation of the
at least one component of the braking system. For example,
and preferably using sensors or other feedback devices or
arrangements, the on-board computer 10 can verify whether
the air brake system (BA) has been deactivated or released,
e.g., by determining or sensing the pressures in the brake
pipe (BP), locomotive brake cylinder, end-of-train device
brake pipe, and/or the like.

[0094] In a further preferred and non-limiting embodiment
or aspect, the on-board computer 10 is further programmed
or configured to: generate at least one prompt to activate at
least one throttle control component; verify that the at least
one throttle control component has been activated; and
determine whether the train (TR) has moved in response to
the activation of the throttle control component. Such a test
or process may be referred to as a “push-pull test” or
“simulated wind nudge test.” In one preferred and non-
limiting embodiment or aspect, the prompt to the operator
may be a message to activate the at least one throttle control
component to cause the train (TR) to move in at least one of
a forward direction and a reverse direction, may further
indicate that the operator should continue activating the at
least one throttle control component for a specified period of
time. For example, the message may request that the opera-
tor move the throttle to a first position for X seconds, after
which, the on-board computer 10 is programmed or config-
ured to verify that the throttle was in the first position (in a
non-neutral direction, i.e., in a forward or reverse direction)
for X seconds, and that no motion has occurred. The
on-board computer 10 may also be programmed to verify
that a minimum amount of motor current was also detected
or sensed. Accordingly, the verification process may include
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receiving feedback from at least one component of the train
(TR) and/or receiving feedback from at least one sensor of
the train (TR).

[0095] In another preferred and non-limiting embodiment
or aspect, the verification process includes at least one of the
following: (i) determining movement data at least partially
based upon feedback from at least one component of the
train (TR); (ii) determining movement data at least partially
based upon feedback from at least one sensor of the train
(TR); (iii) determining movement data at least partially
based upon determined or sensed motor current; (iv) deter-
mining movement data at least partially based upon user
input, e.g., displaying a message to the operator to confirm
that no motion has occurred in response to activation of the
throttle component; or any combination thereof. Still further,
the on-board computer 10 may be programmed or config-
ured to generate a message to the operator to move into a
position that is opposite the previous throttle position, i.e.,
from forward to reverse or from reverse to forward, for a
specified period of time. The same automatic or manual
feedback information, i.e., movement data, is again deter-
mined to ensure that the train (TR) has not moved. Still
further, a message may be then generated asking that the
operator move the throttle back to the idle position, and the
reverser back to neutral. Optionally, a message may indicate
to the operator to reapply the air brake system (BA). It
should also be recognized that any feedback (whether auto-
matic or manually entered) that indicates movement may
lead to additional steps to ensure that the hand brake
arrangements (HB) have been properly applied, or require
additional attention or maintenance.

[0096] Once complete, the on-board computer 10 is pro-
grammed or configured to enter at least one parked mode.
Entry into the “parked mode” may be displayed on the
operator interface 22, and the operator can confirm this
message. After confirmation, a message can be displayed
indicating additional details about the parked mode, e.g.,
“This locomotive is in PARKED mode by John Smith at
11:25 PM on 7/5/2015, and his cell phone number is
555-1212. BEFORE ANYONE RELEASES THE AIR
BRAKES ON THIS TRAIN, PLEASE PRESS HERE.”
When the train (TR) is ready to again be moved, the operator
must terminate the parked mode. When activating (or
attempting to activate or move) the train (TR), a message
may be transmitted to the listed operator, to the remote
server 24, to some other control user, stored in the database
14, and/or the like. Further, after the parking procedure has
been terminated, the on-board computer 10 is programmed
or configured to generate and display messages relating to
the release of the applied hand brake arrangements (HB)
and/or recharge the brake pipe (BP). As discussed above,
some or all of these steps in the process can be monitored,
logged, recorded, and/or communicated to any computer or
user in the system.

[0097] In one preferred and non-limiting embodiment or
aspect, the on-board computer 10 is programmed or config-
ured to: (i) terminate the at least one parked mode; and (ii)
communicate or cause the communication of a message that
the parked mode has been or will be terminated. As dis-
cussed, this communication or message may be imple-
mented with respect to the operator interface 22, recorded or
logged to the database 14, and/or transmitted to the remote
server 24. In addition, the on-board computer 10 may be
programmed or configured to communicate or cause the
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communication of a message to activate or deactivate at
least one component of the air brake system (BA) or at least
one hand brake arrangement (HB). As discussed, any of the
steps of the process or procedure directed to or associated
with parking verification process may be stored in the
database 14.

[0098] As is recognized, an unattended train (TR) is more
dangerous than a train controlled by or operated by an
operator. Accordingly, and when the operator leaves the train
unattended, the on-board computer 10 may be programmed
or configured to implement additional monitoring actions.
Accordingly, and in one preferred and non-limiting embodi-
ment or aspect, while the train (TR) is parked (or in parked
mode), the on-board computer 10 is programmed or con-
figured to: determine or detect whether the train (TR) is
moving; and if train (TR) movement is determined or
detected, generate alarm data. This alarm data may be
communicated to the operator interface 22 in the locomotive
or control car (L) and/or transmitted to the remote server 24
(or some other wayside or remote device or system). Further,
the determination or detection of movement may include
one or more of the following: sensing or determining
rotation or movement of an independent rotating structure;
sensing or determining movement of at least one railcar (R);
sensing or determining movement of at least one end-of-
train device; collecting and processing visual data; collect-
ing and processing radar data; collecting and processing
position data; collecting and processing accelerometer data;
or any combination thereof. For example, and while the train
(TR) is parked, and if movement (e.g., a non-zero speed) of
the train (TR) is detected or determined, an alarm is initiated,
and the brake pipe (BP) is vented to initiate an emergency
brake application. As discussed, this non-zero speed may be
detected at the front of the train (TR), e.g., at the locomotive
(L), or at the back of the train (TR), e.g., at the end-of-train
device.

[0099] As discussed, if movement or motion is detected
while the train (TR) is parked, whether before or after the
generation of the alarm data, an emergency brake applica-
tion may be implemented, such as by venting the brake pipe
(BP) at the locomotive (L), at the end-of-train device (i.e.,
the last railcar (R)), and/or at both ends of the train (TR)
(e.g., at the locomotive (L) and the last railcar (R) (which
may occur through communication with the end-of-train
device)). As also discussed above, the motion or movement
of the train (TR) may be detected by or at the locomotive
(L), by or at the end-of-train device, and/or by or at the
equipment (e.g., a component of the electronically-con-
trolled pneumatic (ECP) air brake arrangement) on any of
the railcars (R). After detection, and in one preferred and
non-limiting embodiment or aspect, the on-board computer
10, the end-of-train device, and/or the local controller (LC)
may determine that the train (TR) is a “runaway” train, at
which point an emergency brake application can be imple-
mented.

[0100] In one preferred and non-limiting embodiment or
aspect, if the on-board computer 10 determines or receives
information that the train (TR) is in motion or is moving
when it should be parked, the on-board computer 10 may
cause an emergency brake application at the locomotive (L)
by quickly venting the brake pipe (BP), and at the same time,
communicate with the end-of-train device to cause an emer-
gency brake application at the last railcar (R) by venting the
brake pipe (BP) at the end-of-train location. In addition, and
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in another preferred and non-limiting embodiment or aspect,
when the train (TR) is placed or identified as being in parked
mode, the end-of-train device will be notified as such.
Accordingly, the end-of-train device may also determine or
receive information that the train (TR) is in motion or is
moving when it should be parked, the end-of-train device
may cause an emergency brake application at the last railcar
(R) by quickly venting the brake pipe (BP), and at the same
time, communication with the on-board computer 10 to
cause an emergency brake application at the locomotive (L)
by venting the brake pipe (BP) at the head-of-train location.

[0101] In another preferred and non-limiting embodiment
or aspect, and while the train (TR) is parked, the on-board
computer 10 is programmed or configured to: determine or
detect activation of or interaction with at least one throttle
control component; and if activation or interaction is deter-
mined or detected, generate alarm data. Specifically, if a
person attempts to move the train by activating or actuating
the throttle handle or the reverser handle before terminating
the required parking procedure, the system may initiate an
alarm sequence and/or initiate an emergency braking action.
Similarly, and in another preferred and non-limiting embodi-
ment or aspect, and while the train (TR) is parked, the
on-board computer 10 is programmed or configured to:
determine or detect activation of or interaction with at least
one component of the air brake system (BA) or a hand brake
arrangement (HB); and if activation or interaction is deter-
mined or detected, generate alarm data. Therefore, if a
person releases the train brakes or the independent brake in
the locomotive (L) without terminating the required parking
procedure, the system may initiate an alarm sequence and/or
initiate an emergency braking action. Still further, in a
further preferred and non-limiting embodiment or aspect,
and while the train is parked, the on-board computer 10 is
programmed or configured to: determine or detect a change
in at least one braking system parameter; and if change is
determined or detected, generate alarm data. For example, if
the pressure in the brake pipe (BP) increases or decreases
suddenly (which is a possible indication of tampering or
some other failure), the system may initiate an alarm
sequence and/or initiate an emergency braking action. The
pressure that is monitored may include the brake cylinder in
the locomotive (L), the brake pipe (BP) near the front of the
train (TR), and/or the brake pipe (BP) near the rear of the
train (TR). In addition, this alarm sequence and/or emer-
gency braking action may be triggered by the sensing or
determination that one or more of the angle cocks have been
tampered with.

[0102] Ina further preferred and non-limiting embodiment
or aspect, the on-board computer 10 is programmed or
configured to: (a) when the train (TR) is not moving,
determine or detect at least one of the following: (i) the
length of time that the train (TR) has not moved, (ii) the
length of time that at least one component of the air brake
system (BA) has been activated, (iii) whether a specified
process or procedure has been initiated or completed, or any
combination thereof, and (b) based at least partially on the
determination or detection, generate alarm data. For
example, after a train (TR) has started a trip and placed in
the un-parked mode, the on-board computer 10 enters a
monitoring mode. Accordingly, if a train (TR) is left with the
air brake system (BA) active for a specified period of time,
e.g, about 1 to about 4 hours, and the parking procedure was
not initiated, an alarm sequence may be implemented. The
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stop time of the train (TR) may be determined by monitoring
a brake application followed by no movement, i.e., zero
speed. This non-zero speed may initiate a stopped-train
timer, and when the stopped-train timer exceed a specified
set point, the alarm sequence will be initiated.

[0103] In one preferred and non-limiting embodiment or
aspect, and based at least partially on at least a portion of the
alarm data, the one on-board computer 10 is programmed or
configured to implement or cause at least one of the follow-
ing: an audible alarm in the at least one locomotive (L);
activation of a horn or bell of the train (TR); powering of at
least one light associated with the train (TR); communica-
tion of at least one message to at least one user; communi-
cation of at least one message to the remote server 24; or any
combination thereof. For example, the alarm sequence may
include initiating a call or text to a cellular phone, initiating
an email to a person, such as the operator, initiating a
message to a remote server 24, initiating a message to a
wayside device, e.g., in a manner similar to the hot box
detector. Further, a message may be sent to the ATCS or
ETMS.

[0104] In another preferred and non-limiting embodiment
or aspect, and as discussed, the on-board computer 10 will
maintain or log (in the database 14 or at the remote server
24) an electronic record of the parking procedure, and these
records may be evaluated periodically. It is envisioned that
these records may be used in addressing any issues with
operators that have not followed the required procedures.
[0105] In another preferred and non-limiting embodiment
or aspect, and as illustrated in FIG. 3, provided is a move-
ment (or motion) detection system 200 for a train (TR)
having at least one locomotive (L) and at least one railcar
(R). In this embodiment or aspect, the system 200 includes
at least one visual data collection device 26 programmed or
configured to generate visual data based at least partially on
visual signals collected or obtained by the visual data
collection device 26 (which may be positioned on or asso-
ciated with the at least one locomotive (L) or the at least one
railcar (R)). The system 200 further includes at least one
computer 27 associated with the at least one locomotive (L)
or the at least one railcar (R) that is programmed or
configured to: process at least a portion of the visual data;
and, at least partially based upon the processing, determine
at least one parameter associated with movement of at least
a portion of the train (TR). The computer 27 may be in the
form of the above-discussed on-board computer 10, a com-
puter positioned on or associated with one or more of the
railcars (R), a computer positioned on or associated with
electronically-controlled pneumatic braking equipment
(such as the local controller (L.C)), a computer programmed
or configured to communicate wirelessly and/or over the
Trainline (TL), and/or a computer associated or integrated
with an end-of-train device (EOT). While it is recognized
that the speed sensor 20 and/or axle tachometer connected to
a locomotive wheel can be sensed, if that wheel has the hand
brake arrangement (HB) engaged, zero angular speed may
be sensed even if the train (TR) is moving with the wheels
locked. Therefore, this system 200 may be designed to
determine movement separate and apart from the existing
speed sensor 20.

[0106] In one preferred and non-limiting embodiment or
aspect, the visual data collection device 26 is in direct or
indirect communication with (or includes or is integrated
with) at least one video camera 28. This video camera may
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be positioned or oriented towards the track (T), e.g., the rail
ties of the track (T), such that a count of the rail ties can be
determined, or train movement otherwise detected. Simi-
larly, a video camera or recording device that is already
positioned on the train (TR), e.g., a video recorder associ-
ated with the end-of-train device (EOT) can be positioned or
oriented to achieve this function, or alternatively, pro-
grammed or configured to collect the desired visual data. For
example, the video camera 28 (or the visual data collection
device 26) may also be programmed or configured to collect
data regarding or used to sense train motion, as opposed to
objects in its field-of-vision.

[0107] In another preferred and non-limiting embodiment
or aspect, one or more rotating devices 30, such as a bicycle
wheel riding on a rail of the track (T) and fitted with a
tachometer to sense or determine movement, is provided,
which also represents an improved method of calibrating
train speed independent of wheel slip/slide. In another
preferred and non-limiting embodiment or aspect, the sys-
tem 200 includes one or more radar devices 32 that may be
positioned or oriented with respect to the rail ties, e.g., at an
angle with respect thereto, such that the motion can be
detected at least partially based on the radar signals. Still
further, the train movement or motion may be detected based
upon determinations or data derived from a positioning
system 34, such as a positioning system 34 (e.g., a GPS
device) associated or integrated with the end-of-train device
(EOT). The sensed, raw, and/or processed data from any of
these devices, e.g., rotating device 30, radar device 32,
positioning system 34, and the like, may be transmitted,
directly or indirectly, to the at least one computer 27, which
may be in the form of the above-discussed on-board com-
puter 10, a computer positioned on or associated with one or
more of the railcars (R), a computer positioned on or
associated with electronically-controlled pneumatic braking
equipment (such as the local controller (LC)), a computer
programmed or configured to communicate wirelessly and/
or over the Trainline (TL), and/or a computer associated or
integrated with an end-of-train device (EOT).

[0108] Inastill further preferred and non-limiting embodi-
ment or aspect, one or more accelerometer devices 33 can be
positioned on or associated with the at least one locomotive
(L) and/or the at least one railcar (R), or any of the
equipment or systems positioned thereon or associated
therewith. The accelerometer data may be transmitted,
directly or indirectly, to the at least one computer 27, which
may be in the form of the above-discussed on-board com-
puter 10, a computer positioned on or associated with one or
more of the railcars (R), a computer positioned on or
associated with electronically-controlled pneumatic braking
equipment (such as the local controller (LC)), a computer
programmed or configured to communicate wirelessly and/
or over the Trainline (TL), and/or a computer associated or
integrated with an end-of-train device (EOT). This acceler-
ometer device 33 may be in the form of a piezo-electric
device, a piezo-resistive device, a capacitive device, a device
that converts mechanical motion into electrical signals, a
gyroscope, and the like. In one preferred and non-limiting
embodiment or aspect, the accelerometer device 33 is a
MEMS (micro-electromechanical system) accelerometer is
used, such that the acceleration in one, two, or three axes can
be measured or detected.

[0109] In another preferred and non-limiting embodiment
or aspect, the accelerometer device 33 is programmed or
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configured to output data and information associated with all
three axes. The at least one computer 27 receives and
processes this output to make a determination of movement
or motion of all or a portion of the train (TR), where the
outputs of the accelerometer device 33 includes the hori-
zontal axis parallel to the track, the horizontal axis perpen-
dicular to the track, and the vertical axis. The output/signal
associated with the horizontal axis parallel to the track
results from a detection of a slow, steady acceleration in
either direction of the track, and the output/signal on this
axis would be in the form of a small, step shape (up or down)
if the train brakes (whether the air brake arrangement (ABB)
or the hand brake arrangements (HB)) were released and the
train (TR) were to drift down a hill. The output/signal
associated with the horizontal axis perpendicular to the track
results from a detection any periodic acceleration data
generated from the harmonic rocking of the railcar (R) as it
moves along staggered rails or successive low joints. It may
be recognized that the amplitude of the acceleration due to
rocking is most pronounced between 13-25 miles per hour.
The output/signal associated with the vertical axis may be
used in detecting higher speeds, e.g., above about 50 miles
per hour, since vertical signals result from the railcar (R)
bouncing periodically over square joints, as opposed to
staggered joints.

[0110] It should be recognized that any of these outputs/
signals from the accelerometer device 33 can be used alone
or in combination with the other output/signals of the
accelerometer device 33. One advantage of using a MEMS
accelerometer is that such accelerometer devices 33 are low
in cost, have low power demands, are small in size, and can
be enclosed, such as in a portion of the end-of-train device
(EOT), thereby being protected from the outside environ-
ment. Another benefit of using the accelerometer device 33
is that it can also be helpful in detecting tampering or theft
of the end-of-train device (EOT) (if the accelerometer
device 33 is positioned on or in the end-of-train device
(EOT)). If someone or something disturbs or removes the
end-of-train device (EOT) from a parked train (TR) or a train
(TR) in motion, then, based upon the output/signals of the
accelerometer device 33, an alarm condition may be initi-
ated.

[0111] It should be recognized that the output/signals from
any of the above-discussed motion-sensing devices (e.g., the
visual data collection device 26, the rotating device 30, the
radar device 32, the positioning system 34, the accelerom-
eter device 33, and the like) can be used alone or in
combination with the output/signals associated with one or
more other devices. In this manner, and by using more than
one device or device type/technology, a redundant system
can be implemented. The at least one computer 27 can
receive all of these outputs/signals and determine which
device or devices indicate motion or movement of all or a
portion of the train (TR).

[0112] As is known, if the air brake arrangement (ABB) on
a small number of railcars (R) fail to release on a train (TR)
having many railcars (R) (e.g., 100 or more railcars (R)), and
in order to prevent loud, hot, wheel (W) sliding on the rails
of the track (T) for many miles, the AAR rules permit those
specific air brake arrangements (ABB) to be “cut out”. This
“cut out” procedure includes turning the cut-out cock so that
the brake pipe (BP) is isolated from the valve arrangement
(V), then the manual release rod (MRR) is pulled on the
valve arrangement (V). This process drains the brake cyl-
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inder (BC), releasing the brakes on that particular railcar
(R), and further drains the auxiliary reservoir (AR). This
may lead to a situation where a person may accidentally or
intentionally pull the manual release rods (MRR) when the
train (TR) is parked, leading to an unsafe situation. Further,
by pulling the manual release rods (MRR), this may indicate
that the person will also accidentally or intentionally release
the hand brake arrangement (HB), which will certainly lead
to an unsafe situation where the train (TR) may start to
move.

[0113] In an electronically-controlled pneumatic braking-
enable train (TR), the railcar (R) equipment (e.g., the local
controller (L.C) or the computer 27) is connected to, and
maintains constant communications with, the on-board com-
puter (OBC), typically via data communications over the
trainline (TL). In one preferred and non-limiting embodi-
ment or aspect, the accelerometer device 33 may be posi-
tioned on or associated with one or more components of the
ECP systems and arrangement. Based upon the accelerom-
eter data, if the local controller (LC) and/or the computer 27
on the railcar (R) determines that the railcar (R) is in motion,
a message, a data transmission (e.g., over the Trainline
(TL)), an alarm condition, or the like will be sent to the
on-board computer 10, the computer 27 on the locomotive
(L), or the like. The on-board computer 10 or computer 27
may then initiate an alarm or initiate any other safety or
communication processes.

[0114] In another preferred and non-limiting embodiment
or aspect, if a person were to tamper with the manual release
rod (MRR), the local controller (L.C) and/or the computer 27
on the railcar (R) may sense a significant drop in pressure in
the brake cylinder (BC) and/or the auxiliary reservoir (AR).
If this drop in pressure (the value of which may be configu-
rable, predetermined, adjustable, or the like) is sensed or
determined (e.g., while the train (TR) is parked), the local
controller (L.C) and/or the computer 27 may be programmed
or configured to send a message, a data transmission (e.g.,
over the Trainline (TL)), an alarm condition, or the like to
the on-board computer 10, the computer 27 on the locomo-
tive (L), or the like. The on-board computer 10 or computer
27 may then initiate an alarm or initiate any other safety or
communication processes. It is also envisioned that the local
controller (LC) and/or the computer 27 on the railcar (R) can
sense or determine that some other actuator (e.g., an actuator
on an ECP manifold, a manual release pushbutton, a button
or switch, or the like) has been actuated or activated. If this
actuation or activation is associated with a potentially unsafe
condition for the air brake arrangement (ABB) of the railcar
(R), this condition or event may be communicated, such as
via a message, a data transmission (e.g., over the Trainline
(TL)), an alarm condition, or the like sent to the on-board
computer 10, the computer 27 on the locomotive (L), or the
like.

[0115] This system 200 may be used or implemented to
sense and address a “runaway” train (TR), which may be
caused by a “break-in-two” event. For example, if someone
tampers with a train (TR) by turning off angle cocks, and
decoupling the railcars (R) from the locomotive (L), and/or
releasing the hand brake arrangements (HB), the system 200
could be used to detect or determine motion and/or speed,
such as speed at or near the end-of-train device (EOT), and
an emergency braking sequence may be implemented (e.g.,
via the locomotive (L) and/or via the end-of-train device
(EOT)). Various alarm sequences may also be initiated.
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[0116] In another preferred and non-limiting embodiment
or aspect, the processing step includes: separating the visual
data into a plurality of discrete sequential (video) frames;
detecting at least one feature in in at least two of the plurality
of discrete sequential frames; and based at least partially on
a change in the position of the at least one feature in the at
least two of the plurality of discrete sequential frames,
generating movement data. For example, the detected fea-
tures may be in the form of one or more rail ties. The system
200 may then convert the at least two discrete sequential
frames into a high contrast image; process the high contrast
image to determine edge data associated with the at least one
feature; and determine movement data based at least par-
tially on a comparison of at least a portion of the edge data.
[0117] In one exemplary embodiment or aspect, a video
camera 28 is used and oriented in a downward facing
direction. Optionally, one or more infrared lights and/or
LEDs may also be projecting downwards for nighttime
operations. As discussed, the speed or movement may be
determined by the computer 27 that analyzes every video
frame and counts the rail ties that pass its field-of-view.
Assuming that the rail tie spacing is about 19.5 inches, a
speed measurement may be made. At high speeds, where the
rail ties are passing too quickly for effective detection/
measurement, other detection features may be used. Also,
and since in some embodiment or aspect only a binary
determination of “motion”/*no motion”, the precise speed
may not be required. Also, and as discussed, the video
camera 28 may be associated with or integrated with the
end-of-train device (EOT), such that extra connections are
not required by the installer of the end-of-train device
(EOD).

[0118] In another preferred and non-limiting embodiment
or aspect, provided is a parking verification method for a
train having a braking system, at least one locomotive, and
at least one railcar, wherein the at least one locomotive
and/or the at least one railcar is equipped with at least one
manually-operated parking assembly, the method compris-
ing: (a) when the train is not moving, generating braking
system test data related to at least one braking system
parameter; (b) based at least partially on the braking system
test data: (i) generating alarm data or (ii) initiating a non-
parked mode for the train; (c¢) after initiating non-parked
mode and movement of the train, determining whether the
train has subsequently stopped moving; and (d) repeating
steps (a) and (b).

[0119] In a further preferred and non-limiting embodiment
or aspect, provided is a parking verification method for a
train having a braking system, at least one locomotive, and
at least one railcar, wherein the at least one locomotive
and/or the at least one railcar is equipped with at least one
manually-operated parking assembly, the method compris-
ing: (a) initiating a parking verification process; (b) deter-
mining or receiving train data; (c) verifying at least one train
parameter; (d) generating at least one prompt to activate at
least one manually-operated parking assembly of at least one
locomotive and/or at least one railcar; and (e) based upon
operator input related to the at least one prompt, generating
at least one prompt to activate or deactivate at least one
component of the braking system.

[0120] In another preferred and non-limiting embodiment
or aspect, provided is a parked train monitoring method for
a train having a braking system, at least one locomotive, and
at least one railcar, wherein the at least one locomotive
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and/or the at least one railcar is equipped with at least one
manually-operated parking assembly, the method compris-
ing: (a) when the train is not moving, determining or
detecting at least one of the following: (i) the length of time
that the train has not moved, (ii) the length of time that at
least one component of the braking system has been acti-
vated, (iii) whether a specified process or procedure has been
initiated or completed, or any combination thereof; and (b)
based at least partially on the determination or detection,
generating alarm data.

[0121] Inastill further preferred and non-limiting embodi-
ment or aspect, provided is a movement detection method
for a train having at least one locomotive and at least one
railcar, comprising: generating visual data based at least
partially on visual signals collected by at least one visual
data collection device; processing at least a portion of the
visual data; and at least partially based upon the processing,
determining at least one parameter associated with move-
ment of at least a portion of the train.

[0122] In this manner, the present invention provides
improved system and methods for train parking or move-
ment verification or monitoring.

[0123] Although the invention has been described in detail
for the purpose of illustration based on what is currently
considered to be the most practical and preferred embodi-
ments or aspects, it is to be understood that such detail is
solely for that purpose and that the invention is not limited
to the disclosed embodiments or aspects, but, on the con-
trary, is intended to cover modifications and equivalent
arrangements that are within the spirit and scope of the
appended claims. For example, it is to be understood that the
present invention contemplates that, to the extent possible,
one or more features of any embodiment or aspect can be
combined with one or more features of any other embodi-
ment or aspect.

What is claimed is:

1. A parking verification system for a train having a
braking system, at least one locomotive, and at least one
railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the system comprising:

at least one on-board computer associated with the train
and programmed or configured to:

(a) when the train is not moving, generate braking system
test data related to at least one braking system param-
eter;

(b) based at least partially on the braking system test data:
(1) generate alarm data or (ii) initiate a non-parked
mode for the train;

(c) after initiating non-parked mode and movement of the
train, determine whether the train has subsequently
stopped moving; and

(d) repeat steps (a) and (b).

2. The parking verification system of claim 1, further
comprising at least one operator interface programmed or
configured to receive operator input.

3. The parking verification system of claim 2, wherein the
on-board computer is further programmed or configured to
generate at least one query requesting the input of train data.

4. The parking verification system of claim 3, wherein the
train data comprises at least one of the following: operator
name, operator identification, identification data, contact
data, locomotive data, consist data, railcar data, location
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data, weight data, speed data, time data, grade data, payload
data, braking system data, or any combination thereof.

5. The parking verification system of claim 2, wherein the
on-board computer is further programmed or configured to
generate at least one query requesting the input of braking
system data.

6. The parking verification system of claim 5, wherein the
braking system test data is at least partially based on at least
a portion of the braking system data.

7. The parking verification system of claim 2, wherein at
least a portion of the alarm data is visually displayed on the
at least one operator interface.

8. The parking verification system of claim 1, wherein the
alarm data comprises at least one of the following: visual
data, aural data, tactile data, braking system test data,
braking system data, train data, braking system parameter
data, or any combination thereof.

9. A parking verification system for a train having a
braking system, at least one locomotive, and at least one
railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the system comprising:

at least one on-board computer associated with the train

and programmed or configured to:

(a) initiate a parking verification process;

(b) determine or receive train data;

(c) verify at least one train parameter;

(d) generate at least one prompt to activate at least one
manually-operated parking assembly of at least one
locomotive and/or at least one railcar; and

(e) based upon operator input related to the at least one
prompt, generate at least one prompt to activate or
deactivate at least one component of the braking sys-
tem.

10. The parking verification system of claim 9, wherein
the train data comprises at least one of the following:
operator name, operator identification, identification data,
contact data, locomotive data, consist data, railcar data,
location data, weight data, speed data, time data, grade data,
payload data, braking system data, or any combination
thereof.

11. The parking verification system of claim 9, wherein
the at least one train parameter comprises at least one of the
following: locomotive data, braking system parameter data,
or any combination thereof.

12. The parking verification system of claim 11, wherein
step (c) further comprises:

(c)(1) verification that the speed of the at least one

locomotive is zero;

(c)(2) verification that brake pipe pressure has been

reduced; and

(c)(3) verification that locomotive cylinder pressure has

been applied.

13. The parking verification system of claim 9, wherein
step (d) further comprises determining, by the at least one
on-board computer, specific locomotives and/or specific
railcars on which the manually-operated braking assembly
should be activated.

14. The parking verification system of claim 13, wherein
the determination is at least partially based upon the grade
of the track upon which the train is parked.

Mar. 9, 2017

15. The parking verification system of claim 9, wherein,
prior to step (e), the at least one on-board computer is further
programmed or configured to wait for a specified period of
time.

16. The parking verification system of claim 15, wherein
the specified period of time is at least partially based upon
at least one of the following: a number of manually-operated
braking assemblies to be activated, a position of at least one
manually-operated braking assembly to be activated, train
data, track data, environment data, weather data, or any
combination thereof.

17. The parking verification system of claim 9, wherein
the at least one on-board computer is further programmed or
configured to verity the activation or deactivation of the at
least one component of the braking system.

18. The parking verification system of claim 9, wherein
the at least one on-board computer is further programmed or
configured to:

() generate at least one prompt to activate at least one

throttle control component;

(g) verify that the at least one throttle control component

has been activated; and

(h) determine whether the train has moved in response to

the activation of the throttle control component.

19. The parking verification system of claim 18, wherein
step (f) comprises at least one prompt to activate the at least
one throttle control component to cause the train to move in
at least one of a forward direction and a reverse direction.

20. The parking verification system of claim 19, wherein
the at least one prompt further comprises an instruction to
continue activating the at least one throttle control compo-
nent for a specified period of time.

21. The parking verification system of claim 18, wherein
step (g) comprises at least one of the following:

(1) receiving feedback from at least one component of the

train;

(i) receiving feedback from at least one sensor of the

train;

or any combination thereof.

22. The parking verification system of claim 18, wherein
step (h) comprises at least one of the following:

(1) determining movement data at least partially based

upon feedback from at least one component of the train;

(i1) determining movement data at least partially based

upon feedback from at least one sensor of the train;

(ii1) determining movement data at least partially based

upon determined or sensed motor current;

(iv) determining movement data at least partially based

upon user input;

or any combination thereof.

23. The parking verification system of claim 9, wherein
the at least one on-board computer is programmed or
configured to enter at least one parked mode.

24. The parking verification system of claim 23, wherein
the at least one on-board computer is programmed or
configured to:

(1) terminate the at least one parked mode; and

(i) communicate or cause the communication of at least

one message that the at least one parked mode has been
or will be terminated.

25. The parking verification system of claim 24, wherein
the at least one on-board computer is programmed or
configured to communicate or cause the communication of



US 2017/0066458 Al
15

at least one message to activate or deactivate at least one
component of the braking system or at least one manually-
operated braking assembly.

26. The parking verification system of claim 9, wherein at
least one step of a procedure directed to or associated with
parking verification process is stored in at least one database.

27. The parking verification system of claim 9, wherein,
while the train is parked, the at least one on-board computer
is further programmed or configured to:

determine or detect whether the train is moving; and

if train movement is determined or detected, generate

alarm data.

28. The parking verification system of claim 27, wherein
the determination or detection of movement comprises at
least one of the following:

sensing or determining rotation or movement of an inde-

pendent rotating structure;

sensing or determining movement of at least one railcar;

sensing or determining movement of at least one end-of-

train device;

collecting and processing visual data;

collecting and processing radar data;

collecting and processing position data;

collecting and processing accelerometer data;

or any combination thereof.

29. The parking verification system of claim 9, wherein,
while the train is parked, at least one computer is pro-
grammed or configured to determine or detect at least one of
the following:

(1) activation of or interaction with at least one throttle

control component;

(ii) operation of or interaction with at least one manual

release rod;

(iii) operation of or interaction with at least one hand

brake arrangement;

(iv) operation of or interaction with at least one compo-

nent of the braking system;

(v) operation of or interaction with at least one component

of a manifold;

(vi) operation of or interaction with at least one actuator;

(vil) a pressure change in at least one component of the

braking system;

(viil) a pressure drop in at least one component of the

braking system;

or any combination thereof.

30. The parking verification system of claim 9, wherein,
while the train is parked, the at least one on-board computer
is programmed or configured to:

determine or detect activation of or interaction with at

least one component of the braking system or the
manually-operated parking assembly; and

if activation or interaction is determined or detected,

generate alarm data.

31. The parking verification system of claim 9, wherein,
while the train is parked, the at least one on-board computer
is programmed or configured to:

determine or detect a change in at least one braking

system parameter; and

if change is determined or detected, generate alarm data.

32. A parked train monitoring system for a train having a
braking a system, at least one locomotive, and at least one
railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the system comprising:
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at least one on-board computer associated with the train
and programmed or configured to:

(a) when the train is not moving, determine or detect at
least one of the following: (i) the length of time that the
train has not moved, (ii) the length of time that at least
one component of the braking system has been acti-
vated, (iii) whether a specified process or procedure has
been initiated or completed, or any combination
thereof; and

(b) based at least partially on the determination or detec-
tion, generate alarm data.

33. The parked train monitor system of claim 32, wherein,
based at least partially on at least a portion of the alarm data,
the at least one on-board computer is programmed or
configured to implement or cause at least one of the follow-
ing:

an audible alarm in the at least one locomotive;

activation of a horn or bell of the train;

powering of at least one light associated with the train;

communication of at least one message to at least one
user;

communication of at least one message to a remote server;

or any combination thereof.

34. A movement detection system for a train having at
least one locomotive and at least one railcar, comprising:

at least one visual data collection device programmed or
configured to generate visual data based at least par-
tially on visual signals collected by the at least one
visual data collection device; and

at least one computer associated with the at least one
locomotive or the at least one railcar that is pro-
grammed or configured to:

process at least a portion of the visual data; and

at least partially based upon the processing, determine at
least one parameter associated with movement of at
least a portion of the train.

35. The movement detection system of claim 34, wherein

the processing step comprises:

separating the visual data into a plurality of discrete
sequential frames;

detecting at least one feature in in at least two of the
plurality of discrete sequential frames; and

based at least partially on a change in the position of the
at least one feature in the at least two of the plurality of
discrete sequential frames, generating movement data.

36. The movement detection system of claim 35, wherein
the at least one feature comprises at least one rail tie.

37. The movement detection system of claim 35, further
comprising:

converting the at least two discrete sequential frames into
a high contrast image;

processing the high contrast image to determine edge data
associated with the at least one feature; and

determining movement data based at least partially on a
comparison of at least a portion of the edge data.

38. The movement detection system of claim 34, wherein
the at least one visual data collection device is positioned on
or associated with at least one end-of-train device.

39. A parking verification method for a train having a
braking system, at least one locomotive, and at least one
railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the method comprising:
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(a) when the train is not moving, generating braking
system test data related to at least one braking system
parameter,

(b) based at least partially on the braking system test data:
(1) generating alarm data or (ii) initiating a non-parked
mode for the train;

(c) after initiating non-parked mode and movement of the
train, determining whether the train has subsequently
stopped moving; and

(d) repeating steps (a) and (b).

40. A parking verification method for a train having a
braking system, at least one locomotive, and at least one
railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the method comprising:

(a) initiating a parking verification process;

(b) determining or receiving train data;

(c) verifying at least one train parameter;

(d) generating at least one prompt to activate at least one
manually-operated parking assembly of at least one
locomotive and/or at least one railcar; and

(e) based upon operator input related to the at least one
prompt, generating at least one prompt to activate or
deactivate at least one component of the braking sys-
tem.
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41. A parked train monitoring method for a train having
a braking system, at least one locomotive, and at least one
railcar, wherein the at least one locomotive and/or the at
least one railcar is equipped with at least one manually-
operated parking assembly, the method comprising:

(a) when the train is not moving, determining or detecting
at least one of the following: (i) the length of time that
the train has not moved, (ii) the length of time that at
least one component of the braking system has been
activated, (iii) whether a specified process or procedure
has been initiated or completed, or any combination
thereof; and

(b) based at least partially on the determination or detec-
tion, generating alarm data.

42. A movement detection method for a train having at

least one locomotive and at least one railcar, comprising:
generating visual data based at least partially on visual
signals collected by at least one visual data collection
device;

processing at least a portion of the visual data; and

at least partially based upon the processing, determining
at least one parameter associated with movement of at
least a portion of the train.

#* #* #* #* #*



