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A hazardous event alert system for a train includes a sensor, a communication device, a positioning system, and a computer. The
sensor is positioned on or associated with the train and configured to sense or monitor at least one parameter or condition. The
computer is programmed or configured to determine that a hazardous event occurred based at least partially on data generated by
the at least one sensor, determine or receive the location or position of the at least a portion of the train from the at least one
positioning system, generate a hazardous event notification based at least partially on the at least one condition and the location or
position of the at least a portion of the train, and communicate the hazardous event notification to at least one of a back office
system and at least one remote server associated with at least one specified entity.
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ABSTRACT

A hazardous event alert system for a train includes a sensor, a communication device, a
positioning system, and a computer. The sensor is positioned on or associated with the train and
configured to sense or monitor at least one parameter or condition. The computer is programmed
or configured to determine that a hazardous event occurred based at least partially on data
generated by the at least one sensor, determine or receive the location or position of the at least a
portion of the train from the at Ieast one positioning system, generate a hazardous event
notification based at least partially on the at least one condition and the location or position of
the at least a portion of the train, and communicate the hazardous event notification to at least
one of a back office system and at least one remote server associated with at least one specified
entity. ’



HAZARDOUS EVENT ALERT SYSTEMS AND METHODS
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to hazardous event alert systems and methods,
and, in particular, hazardous event alert systems and methods for trains.

Description of Related Art

[0002]  There is a rapidly growing movement to transport more crude oil by rail as production
exceeds the capacity of pipelines and existing rail networks. Additional transport by rail has
enhanced concern of the potential for catastrophic events, such as train derailments.

[0003] The Federal Railroad Administration (FRA) has worked with the Pipelines and
Hazardous Materials Safety Administration (PHMSA) to improve the safety of such shipments.
The FRA has issued an Order and Safety Advisory changing how hazardous materials are
transported. Currently, railroads are required to develop and implement risk assessments and
security plans when transporting hazardous materials. The US Department of Transportation has
also been working to ensure that first responders are trained to properly handle incidents
involving the transportation of hazardous materials.

[0004] Despite these efforts, first responders to hazardous events may be unaware of what
types of hazardous materials may be present in the event of a derailment or other event. The
engineer of the train is responsible to ensure that the crew is safe and to follow the railroad's
emergency response plan. In the event of a hazardous event, the engineer would typically contact
911 and a dispatch office to inform them of the event. The dispatch office would then contact
other trains on the network to inform them of the event. In such situations, neither the engineer
nor the dispatch office has much time available to contact first responders or to provide
instruction to those responding to the event.

[0005]  Thus, there are efforts to improve the safety of such shipments, including development
and implementation of risk assessments and security plans for transporting hazardous materials
and training of first responders to properly handle incidents involving the transportation of

hazardous materials.
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SUMMARY OF THE INVENTION

[0006] In preferred and non-limiting embodiments or aspects, provided are hazardous event
alert systems, computer-implemented hazardous event alerting methods, and computer program
products for a train. Preferably, provided are improved systems, methods, and computer
program products that overcome certain deficiencies and drawbacks associated with existing
hazardous event alert systems, methods, and computer program products.

[0007] According to a preferred and non-limiting embodiment or aspect, provided is a
hazardous event alert system for a train, the hazardous event alert system comprising: at least one
sensor positioned on or associated with the train and configured to sense or monitor at least one
parameter or condition; at least one communication device positioned on or associated with the
train and programmed or configured to receive, process, and/or transmit data; at least one
positioning system programmed or configured to detect a location or position of at least a portion
of the train; and at least one computer positioned on or associated with the train and in
communication with the at least one sensor, the at least one communication device, and the at
least one positioning system, wherein the at least computer is programmed or configured to:
determine that a hazardous event occurred based at least partially on data generated by the at
least one sensor; determine or receive the location or position of the at least a portion of the train
from the at least one positioning system; generate a hazardous event notification based at least
partially on the at least one condition and the location or position of the at least a portion of the
train; and communicate the hazardous event notification to at least one of a back office system
and at least one remote server associated with at least one specified entity.

[0008] According to another preferred and non-limiting embodiment or aspect, provided is a
computer-implemented hazardous event alerting method for a train having at least one sensor, at
least one communication device, at least one positioning system, and at least one processor, the
method comprising: detecting at least one parameter or condition associated with a hazardous
event with the at least one sensor; detecting a position or location of the train with the at least
one positioning system; determining, with the at least one processor, that the hazardous event
occurred based at least partially on at least one of the following: determining that a manual
confirmation input is received from the operator of the train, determining that a manual
confirmation input is not received from the operator of the train within a predetermined time

period, determining a communication error between an on-board computer and at least one of an
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end-of-train computer and the at least one sensor, or any combination thercof, generating a
hazardous event notification based at least partially on the at least one condition and the position
or location of the train; and transmitting the hazardous event notification to at least one remote
server.

[0009] According to a further preferred and non-limiting embodiment or aspect, provided is a
computer program product comprising at least one non-transitory computer-readable medium
including program instructions that, when executed by at least one computer including at least
one processor, causes the at least one computer to: detect at least one parameter or condition
associated with a hazardous event with at least one sensor; determine a position or location of the
train with at least one positioning system; determine that the hazardous event occurred based at
least partially on at least one of the following: (a) determining that a manual confirmation input
is received from the operator of the train, (b) determining that a manual confirmation input is not
received from the operator of the train within a predetermined time period, (¢) determining a
communication error between an on-board computer and at least one of an end-of-train computer
and the at least one sensor, or (d) any combination thereof; generate a hazardous event
notification based at least partially on the at least one parameter or condition and the position or
location of the train; and transmit the hazardous event notification to at least one remote server.
[0010] According to a further preferred and non-limiting embodiment or aspect, provided is a
system for generating a hazardous event notification on a train, comprising: (a) an end-of-train
computer in communication with at least one sensor, the end-of-train computer programmed or
configured to: (i) detect, with the at least one sensor, at least one parameter or condition
associated with a hazardous event; and (ii) transmit an alert to an on-board computer in response
to detecting the at least one parameter or condition; and (b) the on-board computer programmed
or configured to: (i) receive the alert from the end-of-train computer; (i) display an indication of
the alert to an operator of the train in response to receiving the alert; and (iii) receive, from the
operator of the train, an input confirming the alert or cancelling the alert; wherein at least one of
the end-of-train computer and the on-board computer is further programmed or configured to: (1)
determine that the hazardous event occurred in response to: determining that the input confirmed
the alert, determining that the input is not received within a predetermined time period, or
determining that the end-of-train computer did not receive a confirmation from the on-board

computer after transmitting the alert; (ii) generate a hazardous event notification based at least
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partially on the at least one condition and a location or position of the train when the at least one
condition is detected; and (iii) transmit the hazardous event notification to at least one remote
SCIver.

[0011] According to a further non-limiting embodiment or aspect, provided is a hazardous
event alert system including: at least one sensor positioned on or associated with the train and
configured to sense or determine at least one condition associated with a hazardous event; at
least one communication device positioned on or associated with the train and programmed or
configured to receive, process, and/or transmit data; at least one positioning system programmed
or configured to sense or determine a location or position of at least a portion of the train; and at
least one computer positioned on or associated with the train and in direct or indirect
communication with the at least one sensor, the at least one communication device, and the at
least one positioning system. The at least one computer may be programmed or configured to:
generate or receive a notification based at least partially on the at least one condition sensed or
determined by the at least one sensor; determine or receive a location or position of at least a
portion of the train based at least partially on the location or position sensed or determined by the
at least one positioning system; and directly or indirectly communicate a notification of a
hazardous event to at least one of the following: an on-board computer located in or associated
with the at least one locomotive of the train; an end-of-train computer located in or associated
with at least one railcar of the train; a remote server associated with a specified entity; or any
combination thereof.

[0012] According to a further non-limiting embodiment or aspect, provided is a computer-
implemented hazardous event alerting method for a train having at least one sensor, at least one
communication device, at least one positioning system, and at least one computer. The method
may include: sensing or determining, by the at least one sensor, at least one condition associated
with a hazardous event; sensing or determining, by the at least one positioning system, a location
or position of at least a portion of the train; generating or receiving, by the at least one computer,
a notification based at least partially on the at least one condition sensed or determined by the at
least one sensor; and directly or indirectly communicating, by the at least one communication
device, a notification of a hazardous event to at least one of the following: an on-board computer

located in or associated with the at least one locomotive of the train; an end-of-train computer
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located in or associated with at least one railcar of the train; a remote server associated with a
specified entity; or any combination thereof.

[0013] According to a further non-limiting embodiment or aspect, provided is a computer
program product comprising at least one non-transitory computer-readable medium including
program instructions that, when executed by at least one computer including at least one
processor, causes the at least one computer to: generate or receive a notification based at least
partially on the at least one condition associated with a hazardous event; determine or receive a
location or position of at least a portion of the train; and directly or indirectly communicate a
notification of a hazardous event to at least one of the following: an on-board computer located
in or associated with the at least one locomotive of the train; an end-of-train computer located in
or associated with at least one railcar of the train; a remote server associated with a specified
entity; or any combination thereof.

[0014] According to a further non-limiting embodiment or aspect, provided is a hazardous
event alert system for a train. The hazardous event alert system may include: means for sensing
or determining at least one condition associated with a hazardous event; means for receiving,
processing, and/or transmitting data; means for sensing or determining a location or position of
at least a portion of the train; and means for generating or receiving a notification based at least
partially on the at least one condition sensed or determined and for directly or indirectly
communicating a notification of a hazardous event to at least one of the following: an on-board
computer located in or associated with the at least one locomotive of the train; an end-of-train
computer located in or associated with at least one railcar of the train; a remote server associated
with a specified entity; or any combination thereof.

[0015] Further preferred and non-limiting embodiments or aspects are set forth in the
following numbered clauses.

[0016] Clause 1: A hazardous event alert system for a train, the hazardous event alert system
comprising: at least one sensor positioned on or associated with the train and configured to sense
or monitor at least one parameter or condition; at least one communication device positioned on
or associated with the train and programmed or configured to receive, process, and/or transmit
data; at least one positioning system programmed or configured to detect a location or position of
at least a portion of the train; and at least one computer positioned on or associated with the train

and in communication with the at least one sensor, the at least one communication device, and
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the at least one positioning system, wherein the at least one computer is programmed or
configured to: determine that a hazardous event occurred based at least partially on data
generated by the at least one sensor; determine or receive the location or position of the at least a
portion of the train from the at least one positioning system; generate a hazardous event
notification based at least partially on the at least one condition and the location or position of
the at least a portion of the train; and communicate the hazardous event notification to at least
one of a back office system and at least one remote server associated with at least one specified
entity.

[0017] Clause 2: The hazardous event alert system of clause 1, wherein the at least one
specified entity includes at least one of the following: a federal government authority; a state
government authority; a local government authority; a maintenance entity; a medical entity; a
search and rescue entity; a state police; a local police; an agency related to homeland security; or
any combination thereof.

[0018] Clause 3: The hazardous event alert system of clauses 1 or 2, wherein the at least one
sensor is at least one of the following: a rotational sensor; a gyroscope; an accelerometer; a
pressure sensor; or any combination thereof.

[0019] Clause 4: The hazardous event alert system of any of clauses 1-3, wherein the at least
one computer comprises: an end-of-train computer located in or on the train and in
communication with the at least one sensor; and an on-board computer located in or associated
with a locomotive of the train and in communication with the at least one end-of-train computer.
[0020] Clause 5: The hazardous event alert system any of clauses 1-4, wherein the at least one
sensor comprises a pressure sensor adapted to monitor brake pipe pressure, and wherein the end-
of-train computer is programmed or configured to determine that the at least one condition has
occurred based on the brake pipe pressure.

[0021] Clause 6: The hazardous event alert system of any of clauses 1-5, wherein at least one
of an end-of-train computer and the at least one sensor is programmed or configured to transmit
an alert to an on-board computer in response to the at least one parameter or condition being
detected, and wherein the at least one on-board computer is programmed or configured to:
display an alert to an operator of the train in response to the at least one condition being detected;
and receive an input from the operator confirming or invalidating the occurrence of the

hazardous event.
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[0022] Clause 7: The hazardous event alert system of any of clauses 1-6, wherein at least one
of the following: the end-of-train computer, the on-board computer, the at least one sensor, or
any combination thereof is further programmed or configured to communicate the hazardous
event notification to the at least one remote server associated with the at least one specified entity
in response to determining at least one of the following: (a) that the input is not received by the
on-board computer within a predetermined time period; (b) that the input confirms the
occurrence of the hazardous event; (c) that a communication error occurred between the on-
board computer and at least one of the end-of-train computer and the at least one sensor; or (d)
any combination thereof.

[0023] Clause 8: The hazardous event alert system of clause 6, wherein the at least one
computer is further programmed or configured to communicate the hazardous event notification
to the back office system but not the at least one remote server associated with the at least one
specified entity in response to determining that the input invalidates the occurrence of the
hazardous event.

[0024] Clause 9: The hazardous event alert system of any of clauses 1-8, wherein the at least
one computer is further programmed or configured to identify or receive identification of the at
least one specified entity to receive the hazardous event notification based at least partially on at
least one of the following: the location or position of an occurrence of a hazardous event, a
category of the hazardous event, a severity of the hazardous event, an identity of a hazardous
material being transported by the train, or any combination thereof.

[0025] Clause 10: The hazardous event alert system of any of clauses 1-9, wherein the at least
one sensor comprises: a sensing device configured to sense or monitor the at least one parameter
or condition; and a communications device configured to transmit data associated with the at
least one parameter or condition to at least one of the at least one computer and at least one other
Sensor.

[0026] Clause 11: The hazardous event alert system of any of clauses 1-10, wherein the at
least one sensor is removably attachable to at least a portion of at least one railcar of the train.
[0027] Clause 12: A computer-implemented hazardous event alerting method for a train
having at least one sensor, at least one communication device, at least one positioning system,
and at least one processor, the method comprising: detecting at least one parameter or condition

associated with a hazardous event with the at least one sensor; detecting a position or location of
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the train with the at least one positioning system; determining, with the at least one processor,
that the hazardous event occurred based at least partially on at least one of the following:
determining that a manual confirmation input is received from an operator of the train,
determining that a manual confirmation input is not received from the operator of the train within
a predetermined time period, determining a communication error between an on-board computer
and at least one of an end-of-train computer and the at least one sensor, or any combination
thereof; generating a hazardous event notification based at least partially on the at least one
condition and the position or location of the train; and transmitting the hazardous event
notification to at least one remote server.

[0028] Clause 13: The computer-implemented hazardous event alerting method of clause 12,
wherein the hazardous event is a train derailment.

[0029] Clause 14: The computer-implemented hazardous event alerting method of clause 12 or
13, further comprising transmitting an alert from at least one of the end-of-train computer and the
at least one sensor to the on-board computer in response to detecting the at least one condition,
wherein the communication error is determined if a confirmation message is not received from
the on-board computer by at least one of the end-of-train computer and the at least one sensor in
response to the alert.

[0030] Clause 15: The computer-implemented hazardous event alerting method of any of
clauses 12-14, wherein the at least one sensor is at least one of the following: a rotational sensor;
a gyroscope; an accelerometer; a pressure sensor; or any combination thereof.

[0031] Clause 16: The computer-implemented hazardous event alerting method of any of
clauses 12-15, wherein the at least one sensor comprises a pressure sensor adapted to monitor
brake pipe pressure, and wherein the at least one parameter or condition is detected based on the
brake pipe pressure.

[0032] Clause 17: The computer-implemented hazardous event alerting method of any of
clauses 12-16, wherein the at least one remote server comprises a back office system and at least
one remote server associated with at least one specified entity.

[0033] Clause 18: The computer-implemented hazardous event alerting method of any of
clauses 12-17, further comprising identifying the at least one specified entity based at least

partially on at least one of the following: the location or position of a hazardous event, a category
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of the hazardous event, a severity of the hazardous event, an identity of a hazardous material
being transported by the train, or any combination thereof.

[0034] Clause 19: The computer-implemented hazardous event alerting method of any of
clauses 12-18, wherein the end-of-train computer monitors the at least one parameter or
condition associated with the hazardous event and detects the at least one parameter or condition,
wherein the on-board computer displays the alert to the operator of the train, and wherein at least
one of the following: the end-of-train computer, the on-board computer, the at least one sensor,
or any combination thereof, determines if the operator confirmed or cancelled the alert, generates
the hazardous event notification, and transmits the hazardous event notification.

[0035] Clause 20: A computer program product comprising at least one non-transitory
computer-readable medium including program instructions that, when executed by at least one
computer including at least one processor, causes the at least one computer to: detect at least one
parameter or condition associated with a hazardous event with at least one sensor located on or in
a train; determine a position or location of the train with at least one positioning system;
determine that the hazardous event occurred based at least partially on at least one of the
following: (a) determining that a manual confirmation input is received from an operator of the
train, (b) determining that a manual confirmation input is not received from the operator of the
train within a predetermined time period, or (c¢) determining a communication error between an
on-board computer and at least one of an end-of-train computer and the at least one sensor, or
any combination thereof; generate a hazardous event notification based at least partially on the at
least one parameter or condition and the position or location of the train; and transmit the
hazardous event notification to at least one remote server.

[0036] Clause 21: The computer program product of clause 20, wherein the hazardous event is
a train derailment.

[0037] Clause 22: The computer program product of clause 20 or 21, wherein the program
instructions, when executed by the at least one computer, further cause the at least one computer
to transmit an alert from at least one of the at least one sensor and the end-of-train computer to
the on-board computer in response to detecting the at least one parameter or condition, wherein
the communication error is determined if a confirmation message is not received by the at least
one of the at least one sensor and the end-of-train computer from the on-board computer in

response to the alert.
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[0038] Clause 23: The computer program product of any of clauses 20-22, wherein the at least
one sensor is at least one of the following: a rotational sensor; a gyroscope; an accelerometer; a
pressure sensor; or any combination thereof.

[0039] Clause 24: The computer program product of any of clauses 20-23, wherein the at least
one sensor comprises a pressure sensor adapted to monitor brake pipe pressure, and wherein the
at least one condition is detected based on the brake pipe pressure.

[0040] Clause 25: The computer program product of any of clauses 20-24, wherein the at least
one remote server comprises a back office system and at least one remote server associated with
at least one specified entity.

[0041] Clause 26: The computer program product of any of clauses 20-25, wherein the
program instructions, when executed by the at least one computer, further cause the at least one
computer to identify the at least one specified entity based at least partially on at least one of the
following: the location or position of a hazardous event, a category of the hazardous event, a
severity of the hazardous event, an identity of a hazardous material being transported by the
train, or any combination thereof.

[0042] Clause 27: A system for generating a hazardous event notification on a train,
comprising: (a) an end-of-train computer in communication with at least one sensor, the end-of-
train computer programmed or configured to: (1) detect, with the at least one sensor, at least one
parameter or condition associated with a hazardous event; and (ii) transmit an alert to an on-
board computer in response to detecting the at least one parameter or condition; and (b) the on-
board computer programmed or configured to: (i) receive the alert from the end-of-train
computer; (ii) display an indication of the alert to an operator of the train in response to receiving
the alert; (iii) receive, from the operator of the train, an input confirming the alert or cancelling
the alert; wherein at least one of the end-of-train computer and the on-board computer is further
programmed or configured to: (i) determine that the hazardous event occurred in response to:
determining that the input confirmed the alert, determining that the input is not received within a
predetermined time period, or determining that the end-of-train computer did not receive a
confirmation from the on-board computer after transmitting the alert; (i) generate the hazardous
event notification based at least partially on the at least one condition and a location or position
of the train when the at least one condition is detected; and (iii) transmit the hazardous event

notification to at least one remote server.
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[0043] Clause 28: The system of clause 27, wherein the at least one remote server comprises
at least one server associated with a governmental or regulatory agency and a back office system,
and wherein the hazardous event notification is transmitted to the back office system but not the
at least one server associated with the governmental or regulatory agency if the input cancels the
alert.

[0044] 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

€¢,.9% <C
a

form of an”, and “the” include plural referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 illustrates a train and a hazardous event alert system according to a preferred
and non-limiting embodiment or aspect;
[0046] FIG. 2 illustrates a step diagram for a hazardous event alert method according to a
preferred and non-limiting embodiment or aspect; and
[0047] FIG. 3 illustrates a step diagram for a hazardous event alert method according to
another preferred and non-limiting embodiment or aspect.

DETAILED DESCRIPTION OF THE INVENTION
[0048] 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 products, systems, and processes illustrated in the attached drawings, and described
in the following specification, are simply exemplary embodiments of the invention. Hence,
specific dimensions and other physical characteristics related to the embodiments disclosed

66,90 ¢
a

herein are not to be considered as limiting. As used herein, the singular form of an”, and
“the” include plural referents unless the context clearly dictates otherwise.
[0049]  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
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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
communication 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, Global System for Mobile Communications
(GSM), and/or the like.

[0050] In a preferred and non-limiting embodiment or aspect, a hazardous event alert system
for a train may include a sensor, a communication device, a positioning system, and one or more
computers. In a preferred and non-limiting embodiment or aspect, the sensor may be positioned
on or associated with the train. In a preferred and non-limiting embodiment or aspect, the sensor
may be configured to sense or determine a parameter or condition associated with a hazardous
event. For example, a parameter or condition may include an acceleration event, a brake pipe
pressure, a vibration, a tilt of a train and/or railcar, a speed, a temperature, and/or other like
conditions or parameters associated with a hazardous event such as a derailment. In a preferred
and non-limiting embodiment or aspect, the communication device may be positioned on or
associated with the train. In a preferred and non-limiting embodiment or aspect, the
communication device may be programmed or configured to receive, process, and/or transmit
data. In a preferred and non-limiting embodiment or aspect, the positioning system may be
programmed or configured to sense or determine a location or position of a portion of the train.
In a preferred and non-limiting embodiment or aspect, the one or more computers may be
positioned on or associated with the train. In a preferred and non-limiting embodiment or aspect,
the one or more computers may be in direct or indirect communication with the sensor, the

communication device, and the positioning system. In a preferred and non-limiting embodiment
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or aspect, the one or more computers may be programmed or configured to generate or receive a
notification based at least partially on the parameter or condition sensed or determined by the
sensor. In a preferred and non-limiting embodiment or aspect, the one or more computers may
be programmed or configured to determine or receive a location or position of at least a portion
of the train based at least partially on the location or position sensed or determined by the at least
one positioning system. In a preferred and non-limiting embodiment or aspect, the one or more
computers may be programmed or configured to directly or indirectly communicate a
notification of a hazardous event between the computers, to a remote server associated with a
specified entity, to a back office system (BOS), or any combination thereof. In preferred and
non-limiting embodiments or aspects, the one or more computers may include an end-of-train
computer and an on-board computer.

[0051] FIG. 1 illustrates a preferred and non-limiting embodiment or aspect of a hazardous
event alert system 1000. The system 1000 includes a train 10 having a locomotive 12 and one
or more railcars 14. The train 10 may include an on-board computer 102 located in or associated
with the locomotive 12. It will be appreciated that the on-board computer 102 may also be
located elsewhere on the train 10. In a preferred and non-limiting embodiment or aspect, the on-
board computer 102 may form part of, may include, or may be connected to another device
and/or system with a separate function in the locomotive 12, such as a Positive Train Control
(PTC) system, a head-end-unit (HEU) system, a train management computer, and/or a
locomotive cab unit system. In another preferred and non-limiting embodiment or aspect, the
on-board computer 102 may be a separate device and/or system. By way of a non-limiting
example, the separate device and/or system may be a stationary device and/or system or a mobile
device and/or system, such as an application computing device or a mobile device, such as a
smartphone, laptop, or tablet computer.

[0052] In a preferred and non-limiting embodiment or aspect, the on-board computer 102 may
be in direct and/or indirect communication with one or more end-of-train computers 104, one or
more wayside computers 106, one or more remote servers 108, 109, one or more sensors 120,
and/or one or more positioning devices 122. By way of a non-limiting example, the on-board
computer 102 may directly and/or indirectly communicate via one or more communication
devices 112. In a preferred and non-limiting embodiment or aspect, the on-board computer 102

is in communication with an end-of-train computer 104 via a trainline running from the lead to
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the rear of the train. The sensors 120 may be in communication with the end-of-train computer
104, on-board computer 102, and/or remote servers 108, 109. It will be appreciated that various
forms of wired and wireless communication may be used.

[0053] In a preferred and non-limiting embodiment or aspect, the on-board computer 102 may
directly and/or indirectly receive a notification (e.g., an alert or other message) concerning the
occurrence of one or more parameters or conditions sensed or determined from a sensor 120,
and/or the on-board computer 102 may directly or indirectly receive a notification concerning the
occurrence of a parameter or condition sensed or determined by the sensor 120 from an end-of-
train computer 104 and/or a wayside computer 106. In preferred and non-limiting embodiments
or aspects, the on-board computer 102 may directly or indirectly confirm receipt of a notification
directly or indirectly received from the end-of-train computer 104 and/or the wayside computer
106.

[0054] In a preferred and non-limiting embodiment or aspect, a notification concerning an
occurrence of a parameter or condition sensed or determined by the sensor 120 may be directly
or indirectly received by the on-board computer 102, and the on-board computer 102 may
directly or indirectly communicate a hazardous event notification to a remote server 108
associated with a specified entity associated with a governmental agency, regulatory agency, or
some other authority or entity, and/or a remote server 109 of a back office system (BOS) 109
(e.g., a central office associated with the train 10). In preferred and non-limiting embodiments or
aspects, the end-of-train computer 104 may also or alternatively communicate a hazardous event
notification to the remote server 108 and/or server 109.

[0055] By way of a non-limiting example, the on-board computer 102 may directly or
indirectly communicate a hazardous event notification to a remote server 108 associated with a
specified entity other than the BOS associated with the train 10, and the on-board computer 102
may also directly or indirectly communicate to such specified entity by other methods, including
but not limited to, phone calls, text messages, push notifications, and/or the like. The end-of-
train computer 104 may communicate with the remote server 108 and/or back office system
instead of or in addition to the on-board computer 102, or when the end-of-train computer 104 is
out of communication with the on-board computer 102. It will be appreciated that other

variations are possible.
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[0056] With continued reference to FIG. 1, the on-board computer 102 and/or end-of-train
computer 104 may directly or indirectly communicate the notification of the hazardous event to a
the remote server 109 of the BOS associated with the train 10, and the remote server 109 may be
configured to directly or indirectly communicate a notification of the hazardous event to one or
more other remote servers 108 associated with one or more specified entities.

[0057] According to a non-limiting embodiment or aspect, the remote server 108 of the
specified entity may be selectively determined based on the circumstances of the hazardous
event. By way of a non-limiting example, the on-board computer 102 and/or end-of-train
computer 104 may directly or indirectly communicate a notification of the hazardous event to a
remote server 108 associated with a specified entity other than the central office associated with
the train 10 in addition to or instead of directly or indirectly communicating a notification of the
hazardous event to a remote server 109 of the BOS associated with the train 10.

[0058] In a preferred and non-limiting embodiment or aspect, a notification of a hazardous
event communicated by the on-board computer 102 may push an alert to users and first
responders who have an alert application installed on their mobile device. The alert may contain
a location of the event, a material transported, an amount of material, media (e.g., photographs,
images, and/or video), and/or recommended actions to take in response to the hazardous event.
[0059] In a preferred and non-limiting embodiment or aspect, a notification of the hazardous
event communicated by the on-board computer 102 and/or end-of-train computer 104 may
include audio and/or video information, such as audio and/or video information received via an
input device associated with the on-board computer 102, end-of-train computer 104, or a mobile
device. As an example, the audio and/or video information may be captured by a camera and/or
microphone in communication with the on-board computer 102 and/or end-of-train computer
104, or by an operator of the train 10 or crewmember with a mobile device having a camera
and/or microphone. One such system and apparatus for collecting visual data is described in

U.S. Patent No. 9,083,861 to Haas et al., entitled “Visual Data Collection System for a Train,”.

[0060] In preferred and non-limiting embodiments or aspects, a notification of the hazardous
event communicated by the on-board computer 102 and/or end-of-train computer 104 may result
in a track restriction so that other trains and/or operators of such trains can be notified of the

incident and take appropriate actions.
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[0061] 1In a preferred and non-limiting embodiment or aspect, the on-board computer 102
and/or end-of-train computer 104 may directly or indirectly communicate the notification of the
hazardous event before or after validation or invalidation, or may directly or indirectly
communicate the notification without validation or invalidation. For example, in response to
detecting a parameter or condition, an operator of the train 10 may be presented with an
indication of the alert with options to validate (e.g., confirm) or invalidate (e.g., cancel) the alert.
By way of a non-limiting example, the on-board computer 102 may directly or indirectly
communicate the notification of the hazardous event to a remote server 109 associated with the
back office system before validation or invalidation, and may communicate the notification to
the remote server 108 associated with a specified entity after the alert is verified or after a
predetermined time period elapses without any input being received from the operator of the
train 10. Tt will be appreciated that the notification may be communicated to the remote server
109 associated with the back office system after validation or the expiration of the predetermined
time period.

[0062] By way of non-limiting example, the on-board computer 102 and/or end-of-train
computer 104 may directly or indirectly communicate the notification of the hazardous event to a
remote server 109 of the BOS associated with the train 10 before validation or invalidation, and
may again directly or indirectly communicate the notification of the validated hazardous event to
the remote server 109 of the BOS and/or to another remote server 108 associated with a specified
entity other than the central office associated with the train 10. By way of another non-limiting
example, the on-board computer 102 may wait for validation or invalidation before directly or
indirectly communicating the notification of the hazardous event to a remote server 108
associated with a specified entity and the remote server 109 of the back office system associated
with the train 10 and/or to another remote server 108 associated with another specified entity.
[0063] In preferred and non-limiting embodiments or aspects, after invalidation of the
occurrence of the hazardous event, the on-board computer 102 and/or end-of-train computer 104
may still directly or indirectly communicate the notification of the invalidated hazardous event to
the remote server 109 of the back office system associated with the train 10 for recordation or
other purposes.

[0064] As explained above, in the case that the occurrence of a hazardous event is neither

validated nor invalidated within a predetermined time period, the on-board computer 102 and/or
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end-of-train computer 104 according to a preferred and non-limiting embodiment or aspect may
directly or indirectly communicate the notification of the hazardous event to a remote server 109
of the back office system associated with the train 10 and the remote server 108 associated with a
specified entity other than the back office system associated with the train 10.

[0065] In a preferred and non-limiting embodiment or aspect, the on-board computer 102
and/or end-of-train computer 104 may directly or indirectly communicate the notification of the
hazardous event to a remote server 109 of a back office system associated with the train 10
before validation or invalidation, and after the event is neither validated nor invalidated, the on-
board computer 102 may directly or indirectly communicate the notification of the unconfirmed
hazardous event to the remote server 109 of the back office system associated with the train 10
and/or to another remote server 108 associated with another specified entity.

[0066] For validation, the on-board computer 102 and/or end-of-train computer 104 may
validate or invalidate the occurrence of a hazardous event communicating with an engineer of the
train 10 and/or by relying on other information. By way of a non-limiting example, a
notification of at least one parameter or condition sensed or determined by a second sensor 120
may be used to validate the at least one parameter or condition sensed or determined by a first
sensor 120.

[0067] In the case of validating or invalidating the occurrence of the hazardous event based on
communications with an engineer of the train 10, the on-board computer 102 may include and/or
be in communication with one or more input devices and/or one or more output devices. An
input device may include but is not limited to a keyboard, mouse, joystick, audio input, and/or
video input. An input device may include a stationary input device and/or a mobile input device.
By way of another non-limiting example, the stationary input device may include a mounted
microphone and/or mounted camera. By way of a non-limiting example, the mobile input device
may include a handheld phone and/or handheld camera. The input device may include a
stationary input device and/or a mobile input device. By way of a non-limiting example, the
static and/or mobile output device may include an audio output device, such as a speaker and/or
a display, and/or a video output device, such as a handheld phone or a handheld display. By way
of a non-limiting example, the input device and the output device may be the same or separate

devices and/or systems.
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[0068] In a preferred and non-limiting embodiment or aspect, the on-board computer 102 may
validate or invalidate the occurrence of the hazardous event based on communications with an
engineer of the train 10. By way of a non-limiting example, the on-board computer 102 may
validate or invalidate the occurrence of the hazardous event by generating a prompt to an
engineer of the train 10 via the output device. The on-board computer 102 may further request
validation or invalidation from the engineer of the occurrence of a hazardous event via the input
device. If validation of the occurrence of the hazardous event is received via the input device,
then the on-board computer 102 may directly or indirectly communicate a notification of a
hazardous event to one or more remote servers 108, 109 as described above. If the occurrence of
the hazardous event is invalidated, then the on-board computer 102 may or may not directly or
indirectly communicate a notification of an invalidated hazardous event to the remote servers
108, 109 and may, in some examples, communicate the notification only to the remote server
109 of the back office system.

[0069] If no validation or invalidation of the occurrence of the hazardous event is received via
the input device, which may indicate the unavailability of the engineer, then the on-board
computer 102 may directly or indirectly communicate a notification of a hazardous event to the
remote servers 108, 109 after predetermined conditions are met, such as a predetermined amount
of time for the engineer to validate or invalidate the occurrence of the hazardous event. In a
preferred and non-limiting embodiment or aspect, the on-board computer 102 may determine the
specified entity to be contacted based on whether the occurrence of the hazard is validated,
invalidated, or unconfirmed.

[0070] In preferred and non-limiting embodiments or aspects, the on-board computer 102 may
receive a notification of an occurrence of a hazardous event from an engineer of the train 10 via
an input device with or without a parameter or condition being previously sensed or determined
by a sensor 120. In this case, the on-board computer 102 may directly or indirectly communicate
the notification of the hazardous event to a remote server 109 of the back office system
associated with the train 10 and/or may directly or indirectly communicate the notification of the
hazardous event to a remote server 108 of another specified entity.

[0071] In a preferred and non-limiting embodiment or aspect, the on-board computer 102 may
include a database of hazardous event categories. By way of a non-limiting example, the

hazardous event categories may include any hazardous event category that is required,
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encouraged, and/or accepted by a specified entity, such as a federal government authority, a state
government authority, a local government authority, a central office associated with the train,
another train, a central office associated with another train, a maintenance entity, a medical
entity, a search and rescue entity, a state police, a local police, an agency related to homeland
security, or any combination thereof. The hazardous event categories may preferably include but
are not limited to a category for a train collision event and/or a category for a train derailment
event. In a preferred and non-limiting embodiment or aspect, the on-board computer 102 may
determine the specified entity to be contacted based on the identity of the hazardous event.

[0072] In non-limiting embodiments or aspects, the identity of the hazardous event may be
sent to the remote server 108 with the notification of the hazardous event, or the identity of the
hazardous event may be sent separately.

[0073] In preferred and non-limiting embodiments or aspects, the on-board computer 102 may
include a database of predetermined hazardous event severity categories. By way of a non-
limiting example, the severity categories may include any severity category that is required,
encouraged, and/or accepted by a specified entity, such as a federal government authority, a state
government authority, a local government authority, a central office associated with the train,
another train, a central office associated with another train, a maintenance entity, a medical
entity, a search and rescue entity, a state police, a local police, an agency related to homeland
security, or any combination thereof. For example, a severity category may be based on a
number of railcars affected by the hazardous event, a location of the hazardous event, a type of
track at the location of the hazardous event, a grade of the land at the location of the hazardous
event, and/or a proximity to persons and/or structures potentially affected at the location of the
hazardous event. For example, severity categories may be based in part on a number of railcars
14 affected by the hazardous event, which may be determined by a number of sensors 120
sensing or determining an at least one parameter or condition associated with a hazardous event.
In another preferred and non-limiting embodiment or aspect, severity categories may be based in
part on whether a railcar 14 remains upright, such as after derailment or collision, which may be
determined from an at least one parameter or condition sensed by a sensor 120. In a preferred
and non-limiting embodiment or aspect, the on-board computer 102 may determine a specified

entity to be contacted based on the severity of the hazardous event.
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[0074] In preferred and non-limiting embodiments or aspects, the severity of the hazardous
event may be sent to the remote server 108 with the notification of the hazardous event, or the
severity of the hazardous event may be sent separately.

[0075] In preferred and non-limiting embodiments or aspects, the on-board computer 102
and/or end-of-train computer 104 may receive location data from the positioning device 122,
which may or may not be located in or associated with the locomotive 12. In a preferred and
non-limiting embodiment or aspect, the on-board computer 102 and/or end-of-train computer
104 may determine the specified entity to be contacted based on the location of the occurrence of
the hazardous event. In another preferred and non-limiting embodiment or aspect, the on-board
computer 102 and/or end-of-train computer 104 may directly or indirectly communicate the
location of the train 10 and/or the occurrence of the hazardous event to the remote servers 108,
109. In preferred and non-limiting embodiments or aspects, the location data may be sent to the
remote servers 108, 109 with the notification of the hazardous event, or the location data may be
sent separately.

[0076] In a preferred and non-limiting embodiment or aspect, the on-board computer 102
and/or end-of-train computer 104 may include a database of pre-determined communications to
be made in the event of a hazardous event. The database of pre-determined communications to
be made may include any communication that is required, encouraged, and/or accepted by a
specified entity, such as a federal government authority, a state government authority, a local
government authority, a central office associated with the train, another train, a central office
associated with another train, a maintenance entity, a medical entity, a search and rescue entity, a
state police, a local police, an agency related to homeland security, or any combination thereof.
In a preferred and non-limiting embodiment or aspect, the database of pre-determined
communications may include contact information for railroads and/or first responders.

[0077] In a preferred and non-limiting embodiment or aspect, the database of pre-determined
communications may predetermine the specific entities to be contacted based on one or more
circumstances related to the hazardous event. The one or more circumstances may include, but
is not limited to, the category of the hazard event, the severity of the hazardous event, and/or the
location of the hazardous event.

[0078] In a preferred and non-limiting embodiment or aspect, the on-board computer 102

and/or end-of-train computer 104 may include an event log in the form of a data storage device

20
Date regue / Date received 2021-11-09



and/or system. The event log may record the occurrence of one or more parameters or
conditions sensed or determined by a sensor 120, one or more notifications based on one or more
parameters or conditions sensed or determined by the sensor 120, one or more validated
hazardous events, one or more invalidated hazardous events, and/or one or more notifications of
hazardous events received from an engineer of the train 10 via an input device, but the event log
is not limited thereto.

[0079] In a preferred and non-limiting embodiment or aspect, the on-board computer 102
and/or end-of-train computer 104 may include a materials storage log in the form of a data
storage device and/or system. The materials storage log may record the type of hazardous
materials being transported, how much material is being transported, and/or how to properly
respond to the hazardous event for the given hazardous material, but at least a part of the
materials storage log is not limited thereto. In a preferred and non-limiting embodiment or
aspect, the materials storage data may be sent to the remote server 108 with the notification of
the hazardous event or a portion of the materials storage data may be sent separately.

[0080] In a preferred and non-limiting embodiment or aspect, the end-of-train computer 104
may form part of, may include, or may be connected to another device and/or system located in
or associated with the railcar 14. By way of a non-limiting example, another device and/or
system may include a smart end-of-train device that includes a flashing rear-end device, a device
and/or system that monitors brake line pressure, a device and/or system that monitors for
accidental separation of the train, and/or a device and/or system that transmits data to the
locomotive 12. In another preferred and non-limiting embodiment or aspect, the end-of-train
computer 104 may be a separate device and/or system.

[0081] In a preferred and non-limiting embodiment or aspect, the end-of-train computer 104
may be in direct or indirect communication with one or more on-board computers 102, one or
more wayside computers 106, one or more remote servers 108, one or more positioning devices
112, and/or one or more sensors 120. In a preferred and non-limiting embodiment or aspect, the
end-of-train computer 104 may directly or indirectly communicate via one or more
communication devices 114. In a preferred and non-limiting embodiment or aspect, the end-of-
train computer 104 may directly and/or indirectly receive a notification concerning the
occurrence of a parameter or condition sensed or determined from a sensor 120. In the case that

a notification concerning an occurrence of a parameter or condition sensed or determined by the
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sensor 120 may be directly or indirectly received by the end-of-train computer 104, the end-of-
train computer 104 may, according to a preferred and non-limiting embodiment or aspect,
directly or indirectly communicate a hazardous event notification to an on-board computer 102,
to a wayside computer 106, and/or to a remote server 108 associated with a specified entity.
[0082] In the case that the end-of-train computer 104 directly or indirectly communicates the
notification of the hazardous event to the on-board computer 102, the end-of-train computer 104
may directly or indirectly receive confirmation of receipt of the notification directly or indirectly
communicated from the end-of-train computer 104 to the on-board computer 102. By way of a
non-limiting example, the end-of-train computer 104 may receive the confirmation of receipt
after communicating a request for a confirmation of receipt of the notification to the on-board
computer 102. By way of another non-limiting example, the end-of-train computer 104 may
receive the confirmation of receipt without or before communicating a request for a confirmation
of receipt of the notification to the on-board computer 102.

[0083] If the end-of-train computer 104 does not receive confirmation of receipt of the
notification of the hazardous event directly or indirectly communicated from the end-of-train
computer 104 to the on-board computer 102, which may result due to the unavailability of the
engineer, the end-of-train computer 104 may directly or indirectly communicate a hazardous
event notification to a remote server 108 associated with a specified entity after predetermined
conditions are met, such as a predetermined amount of time for the on-board computer 102 to
confirm receipt of the notification of the hazardous event.

[0084] In a preferred and non-limiting embodiment or aspect, the end-of-train computer 104
may directly or indirectly communicate a hazardous event notification to a remote server 108
associated with a specified entity before or without waiting to receive confirmation of receipt of
the notification of the hazardous event directly or indirectly communicated from the end-of-train
computer 104 to the on-board computer 102. In a preferred and non-limiting embodiment or
aspect, a notification of a hazardous event communicated by the end-of-train computer 104 may
push an alert to users and first responders who have an alert application installed on their mobile
device. The alert may contain a location of the event, a material transported, an amount of
material, and/or recommended actions to take in response to the hazardous event.

[0085] In a preferred and non-limiting embodiment or aspect, the end-of-train computer 104

may receive Jocation data from the positioning device 122, which may or may not be located in
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or associated with the at least one railcar 14 of the end-of-train computer 104. In an additional
preferred and non-limiting embodiment or aspect, the end-of-train computer 104 may directly or
indirectly communicate the location of the train 10 and/or the occurrence of the hazardous event
to the on-board computer 102, to a wayside computer 106, and/or to a remote server 108, 109. In
a preferred and non-limiting embodiment or aspect, the location data may be sent to the on-board
computer 102, the wayside computer 106, and/or the remote server 108 with the notification of
the hazardous event. In another preferred and non-limiting embodiment or aspect, the location
data may be sent to the on-board computer 102, the wayside computer 106, and/or the remote
server(s) 108, 109 separate from the notification of the hazardous event.

[0086] In a preferred and non-limiting embodiment or aspect, the end-of-train computer 104
may be crash-hardened to continue to function in case of a hazardous event, such as a train
derailment, to provide redundancy in the ability to directly or indirectly communicate a
notification of a hazardous event, such as in the event of loss of an on-board computer 102 in the
locomotive 12.

[0087] With continued reference to FIG. I, the hazardous event alert system according to a
preferred and non-limiting embodiment or aspect may include a wayside computer 106 located
alongside or associated with a portion of a track. The wayside computer 106 may form part of,
may include, or may be connected to another device and/or system located in or associated with
the portion of the track. By way of a non-limiting example, the wayside computer 106 may form
part of, may include, or may be connected to a wayside data communications device and/or
system and/or an automatic train operation device and/or system. By way of another non-
limiting example, the wayside computer 106 may be a separate device and/or system.

[0088] In a preferred and non-limiting embodiment or aspect, the wayside computer 106 may
be in direct or indirect communication with one or more on-board computers 102, one or more
end-of-train computers 104, one or more remote servers 108, 109, one or more sensors 120,
and/or one or more positioning devices 122. In a preferred and non-limiting embodiment or
aspect, the wayside computer 106 may directly or indirectly communicate via one or more
communication devices 116.

[0089] In a preferred and non-limiting embodiment or aspect, the wayside computer 106 may
directly and/or indirectly receive a notification concerning the occurrence of a parameter or

condition sensed or determined from a sensor 120. In a case that a notification concerning the

23
Date regue / Date received 2021-11-09



occurrence of a parameter or condition sensed or determined by the sensor 120 is directly or
indirectly received by the wayside computer 106, the wayside computer 106 may directly or
indirectly communicate a hazardous event notification to an on-board computer 102, to an end-
of-train computer 104, and/or to a remote server 108 associated with a specified entity.

[0090] In the case that the wayside computer 106 directly or indirectly communicates the
notification of the hazardous event to the on-board computer 102, the wayside computer 106
may directly or indirectly receive confirmation of receipt of the notification directly or indirectly
communicated from the wayside computer 106 to the on-board computer 102. By way of a non-
limiting example, the wayside computer 106 may receive the confirmation of receipt after
communicating a request for a confirmation of receipt of the notification to the on-board
computer 102. By way of another non-limiting example, the wayside computer 106 may receive
the confirmation of receipt without or before communicating a request for a confirmation of
receipt of the notification to the on-board computer 102.

[0091] If the wayside computer 106 does not receive confirmation of receipt of the notification
of the hazardous event directly or indirectly communicated from the wayside computer 106 to
the on-board computer 102, which may result due to the unavailability of the engineer, the
wayside computer 106 may directly or indirectly communicate a hazardous event notification to
one or more remote servers 108, 109.

[0092] In a preferred and non-limiting embodiment or aspect, a notification of a hazardous
event communicated by the wayside computer 106 may push an alert to users and first
responders who have an alert application installed on their mobile device. The alert may contain
a location of the event, a material transported, an amount of material, and/or recommended
actions to take in response to the hazardous event. In a preferred and non-limiting embodiment
or aspect, a notification of a hazardous event communicated by the wayside computer 106 may
result in a track restriction so that other trains would be aware of the incident and take
appropriate actions.

[0093] In a preferred and non-limiting embodiment or aspect, the wayside computer 106 may
directly or indirectly communicate a hazardous event notification to one or more remote servers
108, 109 before or without waiting to receive confirmation of receipt of the notification of the
hazardous event directly or indirectly communicated from the wayside computer 106 to the on-

board computer 102. In this circumstance, the on-board computer 102 may validate or invalidate
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the notification of occurrence of the hazardous event. In a preferred and non-limiting
embodiment or aspect, the on-board computer 102 may further directly or indirectly
communicate the validation or invalidation of the notification of occurrence of the hazardous
event to a remote server 108, 109, such as previously described above.

[0094] In a preferred and non-limiting embodiment or aspect, the wayside computer 106 may
receive location data from a positioning device 122, which may or may not be located in or
associated with the portion of the track of the wayside computer 106. In a preferred and non-
limiting embodiment or aspect, the wayside computer 106 may directly or indirectly
communicate the location of the train 10 and/or the occurrence of the hazardous event to the on-
board computer 102 or to a remote server 108 associated with a specified entity or a remote
server 109 of a central office associated with the train 10. In a preferred and non-limiting
embodiment or aspect, the location data may be sent to the on-board computer 102 or the remote
server 108 with the notification of the hazardous event. In another preferred and non-limiting
embodiment or aspect, the location data may be sent to the on-board computer 102 or the remote
server 108 separate from the notification of the hazardous event. In a preferred and non-limiting
embodiment or aspect, the wayside computer 106 may facilitate the indirect communication
from the on-board computer 102 to the remote server 108 or from the end-of-train computer 104
to the on-board computer 102 and/or the remote server 108 by receiving and transmitting
communications.

[0095] With continued reference to FIG. 1, the one or more remote servers 108, 109 may, in
preferred and non-limiting embodiments or aspects, form part of, may include, or may be
connected to another device and/or system with a separate function at the specified entity. By
way of a non-limiting example, the remote server may form part of, may include, or may be
connected to a back office system (BOS) associated with the train, a computer aided dispatch
system, an electronic train management system, and/or a web server. By way of another non-
limiting example, the one or more remote servers 108, 109 may be a separate device and/or
system. In a preferred and non-limiting embodiment or aspect, the remote server 108 may
directly or indirectly communicate with the remote server 109 of the back office system, on-

board computer 102, and/or end-of-train computer 104 via one or more communication devices

118.
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[0096] In a preferred and non-limiting embodiment or aspect, the remote servers 108, 109 may
directly and/or indirectly receive a notification concerning the occurrénce of a parameter or
condition sensed or determined from the sensor 120. By way of a non-limiting example, the
remote servers 108, 109 may directly and/or indirectly receive a notification concerning the
occurrence of a parameter or condition sensed or determined by the sensor 120 from an on-board
computer 102, an end-of-train computer 104, and/or a wayside computer 106. In a preferred and
non-limiting embodiment or aspect, the remote servers108, 109 may directly or indirectly
confirm receipt of a notification received by direct or indirect communication to the remote
servers 108, 109.

[0097] In a preferred and non-limiting embodiment or aspect, when a notification concerning
the occurrence of a parameter or condition sensed or determined by the sensor 120 are directly or
indirectly received by the remote server 109 of the back office system, the remote server 109
may directly or indirectly communicate a hazardous event notification to another remote server
108 associated with a specified entity other than the central office associated with the train 10.
In a preferred and non-limiting embodiment or aspect, a notification of a hazardous event
communicated by the remote servers 108, 109 may push an alert to users and first responders
who have an alert application installed on their mobile device. The alert may contain a location
of the event, a material transported, an amount of material, and/or recommended actions to take
in response to the hazardous event. In a preferred and non-limiting embodiment or aspect, a
notification of a hazardous event communicated by the remote servers 108, 109 may result in a
track restriction so that other trains would be aware of the incident and take appropriate actions.
[0098] In this case, the specified entity other than the central office associated with the train
10 may be determined based on the circumstances of the hazardous event. By way of a non-
limiting example, a notification of the hazardous event may be directly or indirectly
communicated to the remote server 109, and the remote server 109 of the back office system
may be configured to determine one or more specified entities to contact, and directly or
indirectly communicate a notification of the hazardous event to one or more other remote servers
108 associated with the one or more other specified entities. In another preferred and non-
limiting embodiment or aspect, when the remote server 109 directly or indirectly communicates
a hazardous event notification to one or more other remote servers 108 associated with a

specified entity other than the central office associated with the train 10, the remote server 109
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may directly or indirectly communicate to the specified entity by other methods, such as phone
calls or text messages.

[0099] In a preferred and non-limiting embodiment or aspect, the remote server 109 may
directly or indirectly communicate the notification of the hazardous event to a remote server 108
of another specified entity before or after validation or invalidation or without validation or
invalidation. In a preferred and non-limiting embodiment or aspect, the occurrence of the
hazardous event may be validated before directly or indirectly communicating the notification of
the hazardous event to a remote server 108 associated with a specified entity. In the case that the
occurrence of a hazard event is neither validated nor invalidated, the remote server 109 may
directly or indirectly communicate the notification of the hazardous event to another remote
server 108 associated with a specified entity.

[00100] For validation, one or more of the remote servers 108, 109 may validate or invalidate
the occurrence of a hazardous event by validating or invalidating the occurrence of the hazardous
event based on directly or indirectly communicating with an engineer of the train 10 and/or by
validating or invalidating the occurrence of the hazardous event with other information, such as
by receiving a notification of at least one parameter or condition sensed or determined by a
second sensor 120 on a same or different railcar 14 as the first sensor 120 from which a
notification of at least one parameter or condition was received.

[00101] In a preferred and non-limiting embodiment or aspect, one or more of the remote
servers 108, 109 may validate or invalidate the occurrence of the hazardous event based on
directly or indirectly communicating with an engineer of the train 10 by directly or indirectly
communicating a notification of an occurrence of a parameter or condition sensed or determined
by the sensor 120 to an engineer of the train 10 via an output device associated with the
locomotive or the engineer. In another preferred and non-limiting embodiment or aspect, the
remote server 108 may further request validation or invalidation from the engineer of the
occurrence of a hazardous event via an input device associated with the locomotive or the
engineer. If validation of the occurrence of the hazardous event is received via the input device,
then the remote server 109 may directly or indirectly communicate a notification of the
hazardous event to a remote server 108 associated with a specified entity as described above. If
no validation or invalidation of the occurrence of the hazardous event is received via the input

device, which may result due to the unavailability of the engineer, then the remote server 109
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may directly or indirectly communicate a notification of a hazardous event to another remote
server 108 associated with a specified entity.

[00102] In a preferred and non-limiting embodiment or aspect, the remote server 109 may
receive a notification of an occurrence of a hazardous event from an engineer of the train 10 via
an input device associated with the locomotive or the engineer without receiving a notification
concerning the occurrence of a parameter or condition sensed or determined by the sensor 120.
In another preferred and non-limiting embodiment or aspect, the remote server 109 may further
directly or indirectly communicate the notification of the hazardous event to another remote
server 108 of a specified entity.

[00103] In another preferred and non-limiting embodiment or aspect, one or more of the
remote servers 108, 109 may receive a notification of a hazardous event from an end-of-train
computer 104 or a wayside computer 106. By way of non-limiting examples, the notification of
a hazardous event from an end-of-train computer 104 or a wayside computer 106 may be
received before or after validation of the occurrence of the hazardous event or may be received
before or after confirmation of receipt of a notification of the hazardous event directly or
indirectly communicated from the end-of-train computer 104 or the wayside computer 106 to the
on-board computer 102 was not received from the on-board computer 102 to the end-of-train
computer 104 or the wayside computer 106, which may result due to the unavailability of the
engineer.

[00104] In a preferred and non-limiting embodiment or aspect, one or more of the remote
servers 108, 109 may include a database of hazardous event categories. The hazardous event
categories may include but are not limited to any hazardous event category that is required,
encouraged, and/or accepted by a specified entity, such as a federal government authority, a state
government authority, a local government authority, a central office associated with the train,
another train, a central office associated with another train, a maintenance entity, a medical
entity, a search and rescue entity, a state police, a local police, an agency related to homeland
security, or any combination thereof. In a preferred and non-limiting embodiment or aspect, the
hazardous event categories may include but are not limited to a category for a train collision
event and/or a category for a train derailment event. In a preferred and non-limiting embodiment
or aspect, the on-board computer may determine the specified entity to be contacted based on the

category of the hazardous event. In preferred and non-limiting embodiments or aspects, the
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remote server 109 associated with the back office system of the train may communicate an
identity of the hazardous event with the notification of the hazardous event, or the identity of the
hazardous event may be sent separately.

[00105] In a preferred and non-limiting embodiment or aspect, one or more of the remote
servers 108, 109 may include a database of predetermined hazardous event severity categories.
The severity categories may include any severity category that is required, encouraged, and/or
accepted by a specified entity, such as a federal government authority, a state government
authority, a local government authority, a central office associated with the train, another train, a
central office associated with another train, a maintenance entity, a medical entity, a search and
rescue entity, a state police, a local police, an agency related to homeland security, or any
combination thereof. For example, a severity may be based on a number railcars affected by the
hazardous event, a location of the hazardous event, a type of track at the location of the
hazardous event, a grade of the land at the location of the hazardous event, and/or a proximity to
persons and/or structures potentially affected at the location of the hazardous event. In a
preferred and non-limiting embodiment or aspect, the severity may be based on a number of
railcars affected by the hazardous event, which may be determined by a number of sensors
sensing or determining the at least one parameter or condition. In another preferred and non-
limiting embodiment or aspect, the severity may be based on whether the railcar 14 remains
upright, such as after derailment or collision, which may be determined by a parameter or
condition sensed or determined by at least one sensor 120. In a preferred and non-limiting
embodiment or aspect, the remote server 109 may determine the specified entity to be contacted
based on an identified severity of the hazardous event. In preferred and non-limiting
embodiments or aspects, the remote server 109 associated with back office system of the train
may communicate the severity of the hazardous event with the notification of the hazardous
event, or the severity of the hazardous event may be sent separately.

[00106] In a preferred and non-limiting embodiment or aspect, one or more of the remote
servers 108, 109 may directly or indirectly receive location data from the positioning device 122,
which may or may not be located in or associated with the locomotive 12. In a preferred and
non-limiting embodiment or aspect, the remote server 109 may determine the specified entity to
be contacted based on the location of the occurrence of the hazardous event. In a preferred and

non-limiting embodiment or aspect, the remote server 108 may also directly or indirectly
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communicate the location of the train 10 and/or the occurrence of the hazardous event to another
remote server 108 associated with another specified entity. In a preferred and non-limiting
embodiment or aspect, the location data may be sent to the other remote server 108 with the
notification of the hazardous event or may be sent separately.

[00107] In a preferred and non-limiting embodiment or aspect, one or more of the remote
servers 108, 109 may include a database of pre-determined communications to be made in the
event of a hazardous event. In a preferred and non-limiting embodiment or aspect, the database
of pre-determined communications to be made may include any communication that is required,
encouraged, and/or accepted by a specified entity, such as a federal government authority, a state
government authority, a local government authority, a central office associated with the train,
another train, a central office associated with another train, a maintenance entity, a medical
entity, a search and rescue entity, a state police, a local police, an agency related to homeland
security, or any combination thereof. In a preferred and non-limiting embodiment or aspect, the
database of pre-determined communications may include contact information for railroads and
first responders so that appropriate parties within the location of or for the category and/or
severity of the hazardous event are contacted in the event of a hazardous event.

[00108] In a preferred and non-limiting embodiment or aspect, the database of pre-determined
communications may predetermine the specific entities to be contacted based one or more
parameters or conditions related to the hazardous event, which may include but is not limited to
the category of the hazard event, the severity of the hazardous event, and/or the location of the
hazardous event.

[00109] 1In a preferred and non-limiting embodiment or aspect, one or more of the remote
servers 108, 109 may include an event log in the form of a data storage device and/or system.
By way of a non-limiting example, the event log may record the occurrence of a parameter or
condition sensed or determined by a sensor 120, a notification based on a parameter or condition
sensed or determined by a sensor 120, a validated hazardous event, an invalidated hazardous
event, and/or a notification of a hazardous event received from an engineer of the train 10 via an
input device.

[00110] In a preferred and non-limiting embodiment or aspect, one or more of the remote
servers 108, 109 may include a materials storage log in the form of a data storage device and/or

system. By way of a non-limiting example, the materials storage log may record the type of
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hazardous materials being transported, how much of the materials is being transported, and/or
how to properly respond to the hazardous event for the given hazardous material. In preferred
and non-limiting embodiments or aspects, the remote server 108 associated with a central office
of the train may communicate at least a portion of the materials storage data with the notification
of the hazardous event, or the portion of the materials storage data may be sent separately.
[00111] With continued reference to FIG. 1, in a preferred and non-limiting embodiment or
aspect, the hazardous event alert system may include one or more sensors 120. The sensors 120
may be located at or associated with a locomotive 12 of the train 10, one or more railcars 14 of
the train 10, and/or the end-of-train computer 104. In a preferred and non-limiting embodiment
or aspect, the sensors 120 may form part of, may include, or may be connected to an on-board
computer 102, an end-of-train computer 104, a wayside computer 106, a remote server 108,
and/or a positioning device 122. In a preferred and non-limiting embodiment or aspect, the
sensors 120 may be in direct or indirect communication with one or more on-board computers
102, one or more end-of train computers 104, one or more end-of-train computers 106, one or
more remote servers 108, one or more sensors 120 and/or one or more additional positioning
devices 122. In a preferred and non-limiting embodiment or aspect, a sensor 120 may be
attached or installed on a locomotive, a railcar, end-of-train computer, or other portions of the
train 10.

[00112] In a preferred and non-limiting embodiment or aspect, a sensor 120 may be magnetic
and/or adhere to a locomotive or railcar. In preferred and non-limiting embodiments or aspects,
the sensor 120 includes a sensing device and a communications device, and is configured to
communicate data from the sensing device to the on-board computer 102, the end-of-train
computer 104, another sensor 120, and/or a remote server or device. The communications
device may be wired or wireless, and the data communicated may indicate that the sensor
detected a hazardous event, such as a derailment, or that it received a message of such a
hazardous event. In a preferred and non-limiting embodiment or aspect, a sensor 120 may sense
or determine the occurrence of a derailment and/or a collision.

[00113] 1In a preferred and non-limiting embodiment or aspect, a sensor 120 may include a
mobile or stationary device that has capabilities for sensing or determining a vertical and/or
lateral acceleration and/or other movement of the train 10 or portion of the train 10. A system,

method, and apparatus for detecting the varying acceleration of a railcar is shown in U.S. Patent
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No. 8,914,162 to Kernwein et al., entitled “System, Method, and Apparatus to Detect and Report
Track Structure Defects”.

[00114] In a preferred and non-limiting embodiment or aspect, a sensor 120 may include an
accelerometer, such as an accelerometer that is part of a navigation system or an accelerometer
purposed for detecting track defects and/or hazardous events. In a preferred and non-limiting
embodiment or aspect, a sensor 120 may include a pressure sensor, such as for monitoring brake
pipe pressure. In a preferred and non-limiting embodiment or aspect, a sensor 120 may include a
rotational sensor. In a preferred and non-limiting embodiment or aspect, a sensor 120 may
include a battery and wireless sensors. In a preferred and non-limiting embodiment or aspect, a
sensor 120 may include a wireless radio for communicating. In a preferred and non-limiting
embodiment or aspect, one or more sensors 120 may communicate with each other to directly or
indirectly pass messages to an on-board computer 102, an end-of-train computer 104, a wayside
computer 106, and/or a remote server 108. In a preferred and non-limiting embodiment or
aspect, one or more sensors 120 may communicate a notification that at least one parameter or
condition associated with a hazardous event is sensed or determined.

[00115] With continued reference to FIG. 1, in a preferred and non-limiting embodiment or
aspect, the hazardous event alert system may include one or more positioning devices 122. In a
preferred and non-limiting embodiment or aspect, a positioning device 122 may be located at or
associated with a locomotive 12 of the train 10, one or more railcars 14 of the train 10, or a
portion of the track. In a preferred and non-limiting embodiment or aspect, the positioning
device 122 may form part of, may include, or may be connected to an on-board computer 102, an
end-of-train computer 104, a wayside computer 106, a remote server 108, and/or a sensor 120.
In a preferred and non-limiting embodiment or aspect, the positioning device 122 may form part
of, may include, or may be connected to a Global Positioning System (GPS) for sensing or
determining a location or position of at least a portion of the train. In a preferred and non-
limiting embodiment or aspect, the positioning device 122 may determine location based on a
stationary marker, such as a milepost marker, based on velocity data, and/or based on
information received from a wayside computer 106. In a preferred and non-limiting embodiment
or aspect, the positioning devices 122 may be in direct or indirect communication with one or

more on-board computers 102, one or more end-of train computers 104, one or more wayside
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computers 106, one or more remote servers 108, 109, one or more sensors 120, and/or one or
more additional positioning devices 122.

[00116] In a preferred and non-limiting embodiment or aspect, the hazardous alert system may
further include a web portal. The web portal may be an interface through which railroads may
define users and actions. By way of a non-limiting example, the web portal may display alerts
and report events. In a preferred and non-limiting embodiment or aspect, the hazardous alert
system may further include a computer application, such as a smart phone application, through
which users may receive push notifications. By way of a non-limiting example, the push
notifications may depend on the role of the users, such as whether the users are associated with
the railroad for the train 10 or is associated with another specified entity, such as a first
responder.

{00117} Referring now to FIG. 2, a step diagram for a hazardous event alert method is shown
according to a preferred and non-limiting embodiment or aspect. At a first step 202, at least one
parameter or condition associated with a hazardous event is monitored. As described herein, a
condition may include, for example, a change in brake pipe pressure, a detection of tilt or vertical
acceleration, and/or the like. A hazardous event may include, but is not limited to, a derailment
of one or more railcars of a train. At a next step 204, the data being monitored is processed to
detect an occurrence of a hazardous event. If a hazardous event is not detected, the method
proceeds back to step 202 and the parameter or condition continues to be monitored. If a
hazardous event is detected, the method proceeds to step 206 and the location or position of the
train is determined. Since a hazardous event was previously detected, the then-current location
or position of the train is also the location or position of the hazardous event. At a next step 208,
a notification is generated based on the parameter or condition and the location or position of the
train. At step 210, the notification is transmitted to a back oftice server, a specified entity, or any
other remote server and/or device.

[00118] Referring to FIG. 3, a step diagram for a hazardous event alert method is shown
according to another preferred and non-limiting embodiment or aspect. At a first step 302, the
brake pipe pressure is monitored at the end-of-train computer. It will be appreciated, however,
that various other parameters or conditions may be monitored by various different devices and
systems. At a next step 304, it is determined whether a derailment has been detected based on

the monitored brake pipe pressure. Various other hazardous events may also be detected in non-
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limiting embodiments. Next, an alert is transmitted to an on-board computer at step 306. After
the alert is transmitted to the on-board computer at step 306, the method proceeds to step 308
where it is determined whether a confirmation was received from the on-board computer in
response to the alert. If a confirmation is not received, the end-of-train computer may assume
that a communication error has occurred due to a derailment or other hazardous event and the
method may proceed to step 318 to generate a notification and step 320 to transmit the
notification. The hazardous event notification may include various types of information
including, for example, the detected parameter or condition, the position or location of the train,
the type of hazardous material being transported, a date and/or time, an identification of the train
and/or locomotive, and/or any other information available to the on-board computer, end-of-train
computer, or head-end-unit.

[00119]  With continued reference to FIG. 3, if a confirmation is received from the on-board
computer at step 308, the method proceeds to step 309 and an indication of an alert is displayed
to an operator of the train. The indication may present the operator with one or more options. In
a preferred and non-limiting embodiment or aspect, the operator is provided with an option to
confirm the hazardous event or parameter or condition and an option to cancel the alert (e.g.,
invalidate the hazardous event or parameter or condition). At step 310 it is determined whether
the operator confirmed the occurrence of a derailment or other hazardous event. If a
confirmation is received from the operator, the method proceeds to step 318 and a hazardous
event notification is generated.

[00120]  Still referring to FIG. 3, if a confirmation is not received at step 310 and the alert is
cancelled at step 312, the method may end or, in some non-limiting embodiments or aspects,
may proceed to step 318 to generate the notification. However, in such circumstances, the
notification transmitted at step 320 may be transmitted to only a back office system and other
transmissions may be limited or not occur at all. For example, if a derailment is confirmed at
step 310, the notification generated in step 318 may be transmitted at step 320 to a back office
server, to various mobile devices, and to a specified entity (e.g., a governmental or regulatory
agency). However, if the derailment is not confirmed at step 310 and the alert is cancelled at
step 312, the notification generated in step 318 may be transmitted to only the back office system
and one or more mobile devices for recordation or other purposes, but not to the specified entity.

If the derailment is not confirmed at step 310 and the alert is not cancelled at step 312, at step
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314 it is determined if a predetermined time period has lapsed. If the time period has elapsed
without a response from the operator of the train, it may be assumed as a default that a hazardous
event has occurred and the method proceeds to step 318 and then to step 320. In this
circumstance, the notification generated in step 318 may be transmitted to the back office
system, various mobile devices, and a specified entity, as an example.

[00121] Although the invention has been described in detail for the purpbse of illustration
based on what is currently considered to be the most practical and preferred embodiments 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 contrary, is intended to cover
modifications and equivalent arrangements that are within the spirit and scope of the description.
For example, it is to be understood that the present invention contemplates that, to the extent
possible, one or more features of any embodiment can be combined with one or more features of

any other embodiment or aspect.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A hazardous event alert system for a train, the hazardous event alert system comprising:
at least one sensor positioned on or associated with the train and configured to sense or
monitor at least one parameter or condition;
at least one communication device positioned on or associated with the train and
programmed or configured to receive, process, and/or transmit data;
at least one positioning system programmed or configured to detect a location or
position of at least a portion of the train; and
at least one computer positioned on or associated with the train and in communication
with the at least one sensor, the at least one communication device, and the at least one

positioning system, wherein the at least one computer is programmed or configured to:

determine that a hazardous event occurred based at least partially on data generated by

the at least one sensor;

determine or receive the location or position of the at least a portion of the train from the at least

one positioning system;

generate a hazardous event notification based at least partially on the at least one condition and

the location or position of the at least a portion of the train; and

communicate the hazardous event notification to at least one of a back office system and at

least one remote server associated with at least one specified entity.

2. The hazardous event alert system of claim 1, wherein the at least one specified entity
includes at least one of the following: a federal government authority; a state government
authority; a local government authority; a maintenance entity; a medical entity; a search and
rescue entity; a state police; a local police; an agency related to homeland security; or any

combination thereof.

3. The hazardous event alert system according to claim 1, wherein the at least one sensor is at
least one of the following: a rotational sensor; a gyroscope; an accelerometer; a pressure

sensor; or any combination thereof.
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4. The hazardous event alert system according to claim 1, wherein the at least one computer
comprises:

an end-of-train computer located in or on the train and in communication with the at least
one sensor; and

an on-board computer located in or associated with a locomotive of the train and in

communication with the at least one end-of-train computer.

5. The hazardous event alert system according to claim 4, wherein the at least one sensor
comprises a pressure sensor adapted to monitor brake pipe pressure, and wherein the end-of-
train computer is programmed or configured to determine that the at least one condition has

occurred based on the brake pipe pressure.

6. The hazardous event alert system according to claim 1, wherein at least one of an end-of-
train computer and the at least one sensor is programmed or configured to transmit an alert to
an on-board computer in response to the at least one parameter or condition being detected,
and wherein the at least one on-board computer is programmed or configured to:

display an alert to an operator of the train in response to the at least one condition being
detected; and

receive an input from the operator confirming or invalidating the occurrence of the

hazardous event.

7. The hazardous event alert system according to claim 6, wherein at least one of the following:
the end-of-train computer, the on-board computer, the at least one sensor, or any combination
thereof is further programmed or configured to communicate the hazardous event notification to
the at least one remote server associated with the at least one specified entity in response to
determining at least one of the following:

(a) that the input is not received by the on-board computer within a predetermined time
period,;

(b) that the input confirms the occurrence of the hazardous event; (

c¢) that a communication error occurred between the on-board computer and at least one
of the end-of-train computer and the at least one sensor; or

(d) any combination thereof.
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8. The hazardous event alert system according to claim 6, wherein the at least one computer is
further programmed or configured to communicate the hazardous event notification to the back
office system but not the at least one remote server associated with the at least one specified
entity in response to determining that the input invalidates the occurrence of the hazardous

event.

9. The hazardous event alert system according to claim 1, wherein the at least one computer is
further programmed or configured to identify or receive identification of the at least one specified
entity to receive the hazardous event notification based at least partially on at least one of the
following: the location or position of an occurrence of a hazardous event, a category of the
hazardous event, a severity of the hazardous event, an identity of a hazardous material being

transported by the train, or any combination thereof.

10. The hazardous event alert system according to claim 1, wherein the at least one sensor
comprises:

a sensing device configured to sense or monitor the at least one parameter or condition;
and

a communications device configured to transmit data associated with the at least one
parameter or condition to at least one of the at least one computer and at least one other

Sensor.

11. The hazardous event alert system according to claim 1, wherein the at least one sensor is

removably attachable to at least a portion of at least one railcar of the train.

12. A computer-implemented hazardous event alerting method for a train having at least one
sensor, at least one communication device, at least one positioning system, and at least one
processor, the method comprising:

detecting at least one parameter or condition associated with a hazardous event with the
at least one sensor; detecting a position or location of the train with the at least one positioning
system;

determining, with the at least one processor, that the hazardous event occurred based at
least partially on at least one of the following: determining that a manual confirmation input is
received from an operator of the train, determining that a manual confirmation input is not

received from the operator of the train within a predetermined time period, determining a
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communication error between an on-board computer and at least one of an end-of-train
computer and the at least one sensor, or any combination thereof;

generating a hazardous event notification based at least partially on the at least one
condition and the position or location of the train;

and transmitting the hazardous event notification to at least one remote server.

13. The computer-implemented method of claim 12, wherein the hazardous event is a train

derailment.

14. The computer-implemented method of claim 12, further comprising transmitting an alert from
at least one of the end-of-train computer and the at least one sensor to the on-board computer
in response to detecting the at least one condition, wherein the communication error is
determined if a confirmation message is not received from the on-board computer by at least

one of the end-of-train computer and the at least one sensor in response to the alert.

15. The computer-implemented method of claim 12, wherein the at least one sensor is at least
one of the following: a rotational sensor; a gyroscope; an accelerometer; a pressure sensor; or

any combination thereof.

16. The computer-implemented method of claim 12, wherein the at least one sensor comprises
a pressure sensor adapted to monitor brake pipe pressure, and wherein the at least one

parameter or condition is detected based on the brake pipe pressure.

17. The computer-implemented method of claim 12, wherein the at least one remote server
comprises a back office system and at least one remote server associated with at least one

specified entity.

18. The computer-implemented method of claim 17, further comprising identifying the at least
one specified entity based at least partially on at least one of the following: the position or
location of a hazardous event, a category of the hazardous event, a severity of the hazardous
event, an identity of a hazardous material being transported by the train, or any combination

thereof.

19. The computer-implemented method of claim 12, wherein the end-of-train computer monitors
the at least one parameter or condition associated with the hazardous event and detects the at
least one parameter or condition, wherein the on-board computer displays the alert to the

operator of the train, and wherein at least one of the following: the end-of-train computer, the
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on-board computer, the at least one sensor, or any combination thereof, determines if the
operator confirmed or cancelled the alert, generates the hazardous event notification, and

transmits the hazardous event notification.

20. A computer program product comprising at least one non-transitory computer-readable
medium including program instructions that, when executed by at least one computer including
at least one processor, causes the at least one computer to:

detect at least one parameter or condition associated with a hazardous event with at
least one sensor located on or in a train;

determine a position or location of the train with at least one positioning system;
determine that the hazardous event occurred based at least partially on at least one of the
following: (a) determining that a manual confirmation input is received from an operator of the
train, (b) determining that a manual confirmation input is not received from the operator of the
train within a predetermined time period, (c) determining a communication error between an on-
board computer and at least one of an end-of-train computer and the at least one sensor, or any
combination thereof;

generate a hazardous event notification based at least partially on the at least one
parameter or condition and the position or location of the train; and transmit the hazardous

event notification to at least one remote server.

21. The computer program product of claim 20, wherein the hazardous event is a train

derailment.

22. The computer program product of claim 20, wherein the program instructions, when
executed by the at least one computer, further cause the at least one computer to transmit an
alert from at least one of the at least one sensor and the end-of-train computer to the on-board
computer in response to detecting the at least one parameter or condition, wherein the
communication error is determined if a confirmation message is not received by the at least one
of the at least one sensor and the end-of-train computer from the on-board computer in

response to the alert.

23. The computer program product of claim 20, wherein the at least one sensor is at least one

of the following: a rotational sensor; a gyroscope; an accelerometer; a pressure sensor; or any

combination thereof.
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24. The computer program product of claim 20, wherein the at least one sensor comprises a
pressure sensor adapted to monitor brake pipe pressure, and wherein the at least one condition

is detected based on the brake pipe pressure.

25. The computer program product of claim 20, wherein the at least one remote server
comprises a back office system and at least one remote server associated with at least one

specified entity.

26. The computer program product of claim 20, wherein the program instructions, when
executed by the at least one computer, further cause the at least one computer to identify the at
least one specified entity based at least partially on at least one of the following:

The location or position of a hazardous event, a category of the hazardous event, a severity of
the hazardous event, an identity of a hazardous material being transported by the train, or any
combination thereof.

27. A system for generating a hazardous event notification on a train, comprising:
(@) an end-of-train computer in communication with at least one sensor, the end-of-train
computer programmed or configured to:

(i) detect, with the at least one sensor, at least one parameter or condition associated
with a hazardous event; and

(i) transmit an alert to an on-board computer in response to detecting the at least one
parameter or condition; and
(b) the on-board computer programmed or configured to: (i) receive the alert from the end-of-
train computer;

(i) display an indication of the alert to an operator of the train in response to receiving
the alert; and

(iii) receive, from the operator of the train, an input confirming the alert or cancelling the
alert; wherein at least one of the end-of-train computer and the on-board computer is further
programmed or configured to:

(i) determine that the hazardous event occurred in response to: determining that the
input confirmed the alert, determining that the input is not received within a predetermined time
period, or determining that the end-of-train computer did not receive a confirmation from the on-

board computer after transmitting the alert;
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(i) generate the hazardous event notification based at least partially on the at least one
condition and a location or position of the train when the at least one condition is
detected; and

(iii) transmit the hazardous event notification to at least one remote server.

28. The system of claim 27, wherein the at least one remote server comprises at least one
server associated with a governmental or regulatory agency and a back office system, and
wherein the hazardous event notification is transmitted to the back office system but not the at
least one server associated with the governmental or regulatory agency if the input cancels the

alert.
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