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SYSTEM FOR ENFORCING CONDITIONAL AUTHORITIES USING
LOCOMOTIVE TO LOCOMOTIVE MONITORING

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to United States Provisional Application No.

62/554,667 filed September 6, 2017, the disclosure of which is incorporated in its entirety by
reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Preferred and non-limiting embodiments are related to positive train control
(PTC) systems and, in particular, to a system and method for managing movement authorities
in a PTC system.

Description of Related Art

[0003] Previous generation train control systems support movement authorities with
conditions through verbal procedures between crew and dispatcher. The crew is responsible
for monitoring and complying with the conditions. Newer, PTC-compliant train control
systems tolerate the issuance of movement authorities with conditions, but do not
algorithmically enforce the fulfillment of conditions. To overcome this limitation,
dispatching systems might implement authority stacking, where movement authorities with
conditions are queued. The dispatching system monitors the movement of trains and issues
queued authorities only after conditions are fulfilled.

[0004] In Dynamic Block operations, an office computer exclusively allocates one or
more track blocks to each train. As a train progresses, vacated blocks are released and
allocated to other trains. Since the minimum spacing of trains is a function of the size of
blocks and speed of the release and allocation process, efficient use of the Dynamic Block
method requires that a railroad be subdivided into small block sections and provide robust
communications between on board computers and the office computer.

[0005] Railroads are not able to employ radio blocking on subdivisions where PTC is
required because the current implementation of positive train control systems, such as I-
ETMS® of Wabtec Corp., do not support enforcement of the authority limits that are released
from a leading train to a following train without dispatching system supervision.

[0006] Additionally, the Federal Railroad Administration (FRA) is not satisfied with
the current implementation of PTC systems with regard to conditional movement authority
(e.g., a movement authority that includes an “in effect after arrival” or “do not foul limits

ahead / in effect behind” condition). The on-board segment or computer prompts the crew of
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the train holding the conditional authority to press a key to indicate the arrival of the train(s)
identified in the authority. The opportunity for human error is higher than desired with the

prior art.

SUMMARY OF THE INVENTION

[0007] Generally provided is a system and method for managing movement
authorities in a positive train control (PTC) system that addresses or overcomes some or all of
the deficiencies and drawbacks associated with existing methods and systems for transmitting
enforceable instructions in PTC systems, including, but not limited to, -ETMS® of Wabtec
Corp.

[0008] Preferably, provided is a system for managing movement authorities in a
positive train control (PTC) system, the system including (a) a first on-board system situated
on a first train having one or more locomotives; (b) a second on-board system situated on a
second train having one or more locomotives; and (c¢) a back office system remote from the
first and second trains, wherein the first on-board system, the second on-board system, and
the back office system are communicatively connected to each other via a network, wherein
the first and second on-board systems are configured to receive a respective first and second
movement authority from the back office system, wherein the second movement authority
includes a condition that constrains the second movement authority by the first movement
authority so that a movement of the second train is dependent on a movement of the first
train, wherein the second on-board system is configured to directly transmit to the first on-
board system an inquiry relating to the condition, wherein the first on-board system is
configured to directly transmit a report to the second on-board system either: (i) in response
to receipt of the inquiry when the condition is satisfied; or (ii) prior to when the condition is
satisfied as determined by the second on-board system. It is to be understood that the first
train/locomotive may evaluate a condition involving more than one train/locomotive.

[0009] Determination that the condition is satisfied may be based at least on the first
movement authority and location data of the first train defined by (a) a head-end location of
the train and a (b) a crew-confirmed point or an end-of-train location of the train. The second
movement authority may include one or more of (a) an “In Effect After Arrival” condition;
(b) “Do Not Foul Limits Ahead / In Effect Behind” condition; and (c) an identification of the
one or more locomotives of the first train and direction of movement thereof. The second on-
board system may be configured to display visual indicia corresponding to the report. The

first and second movement authorities are received by the back office system from a
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computer-aided dispatch. The back office system may determine that an overlap existing
between the first and second movement authorities is valid before transmitting the first and
second movement authorities to the respective first and second on-board systems. The back
office system may transmit communication parameters to the first and second on-board
systems to effect communication therebetween. The second on-board system may be
configured to directly transmit to a plurality of other on-board systems respective inquiries
relating to respective conditions associated with a plurality of movement authorities received
by the second on-board system.

[0010] A method for managing movement authorities in a positive train control (PTC)
system includes the steps of: (a) receiving at a first on-board system of a first train having one
or more locomotives a first movement authority from a back office system; (b) receiving at a
second on-board system of a second train having one or more locomotives a second
movement authority from the back office system, wherein the second movement authority
includes a condition that constrains the second movement authority by the first movement
authority so that a movement of the second train is dependent on a movement of the first
train, wherein the back office system is remote from the first and second trains, wherein the
first on-board system, the second on-board system, and the back office system are
communicatively connected to each other via a network; (c) transmitting from the second on-
board system to the first on-board system an inquiry relating to the condition; and (d)
transmitting from the first on-board system to the second on-board system a report in
response to receipt of the inquiry either (i) when the condition is satisfied; or (ii) prior to
when the condition is satisfied as determined by the second on-board system.

[0011] An on-board locomotive system used to receive movement authorities in a
positive train control (PTC) system, the on-board locomotive system including one or more
computers having computer readable mediums having stored thereon instructions which,
when executed by one or more processors of the one or more computers, causes the system to
perform the steps of: (a) receiving at the on-board locomotive system a movement authority
from a back office system, wherein the movement authority includes a condition that
constrains the movement authority by another movement authority received by another on-
board locomotive system; (b) transmitting from the on-board locomotive system to the
another on-board locomotive system an inquiry relating to the condition; and (c) receiving at
the on-board locomotive system from the another on-board locomotive system a report in
response to receipt of the inquiry either (i) when the condition is satisfied; or (ii) prior to

when the condition is satisfied as determined by the second on-board system.
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[0012] A computer readable medium having stored thereon instructions which, when
executed by one or more processors of one or more computers, causes the one or more
processors to execute steps of a method for receiving movement authorities by an on-board
locomotive system in a positive train control (PTC) system, the method including the steps
of: (a) receiving at the on-board locomotive system a movement authority from a back office
system, wherein the movement authority includes a condition that constrains the movement
authority by another movement authority received by another on-board locomotive system;
(b) transmitting from the on-board locomotive system to the another on-board locomotive
system an inquiry relating to the condition; and (c) receiving at the on-board locomotive
system from the another on-board locomotive system a report in response to receipt of the
inquiry either (i) when the condition is satisfied; or (i1) prior to when the condition is satisfied
as determined by the second on-board system.

[0013] The present invention may be useful to facilitate increased train throughput in
the absence of absolute signals. Communication between a dependent and constraining
locomotives may be leveraged to inform a crew of a dependent locomotive of progress of
constraining locomotives against the conditions and to inform a crew of a constraining
locomotive of the existence of dependent locomotives. The present invention is intended to
have minimal impact to a track data file. Train spacing may be minimized without increasing
the number of track blocks defined in the track model. The present invention may reduce
departure delays. Since conditional authorities may be delivered in advance of conditions
being fulfilled, the crew can review a movement authority while waiting for the conditions to
be met without causing departure delays. The present invention may reduce dependence on
communication between a back office computer and on-board computers. The present
invention may implement train clearance reports only when a dependent locomotive has
requested reports. This approach essentially distributes the burden of release and allocation
of track to on board computers. The present invention may be incrementally implemented in
a PTC system without disrupting existing interoperable methods.

[0014] 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, if any, 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
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only and are not intended as a definition of the limits of the invention. As used in the

66,9 &6
a

specification and the claims, if any, the singular form of an”, and “the” include plural

referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram of a computer system according to principles of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] For purposes of the description hereinafter, the terms “end”, “upper”, “lower”,
“right”, “left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitudinal” and
derivatives thereof shall relate to the invention as it is oriented in the drawing figures. It is to
be understood that the invention may assume various alternative variations and step
sequences, except where expressly specified to the contrary. It is also to be understood that
the specific devices and processes illustrated in the drawings, and described in the following
specification, are simply exemplary embodiments of the invention. Hence, specific
dimensions and other physical and/or processing characteristics related to the embodiments
disclosed herein are not to be considered as limiting.

[0017] As used herein, the terms “communication” and “communicate” refer to the
receipt or transfer of one or more signals, messages, commands, or other type of data. For
one unit or component to be in communication with another unit or component means that
the one unit or component is able to directly or indirectly receive data from and/or transmit
data to the other unit or component. This can refer to a direct or indirect connection that may
be wired and/or wireless in nature. Additionally, two units or components may be in
communication with each other even though the data transmitted may be modified,
processed, routed, and the like, between the first and second unit or component. 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.
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[0018] Table 1 below defines various acronyms used in the description.
TABLE 1
Acronym Definition
BOS Back Office Server or Segment
CAD Computer Aided Dispatch
FRA Federal Railroad Administration
[-ETMS Interoperable Electronic Train Management System
ITC Interoperable Train Control
PTC Positive Train Control
[0019] Table 2 below defines various terms used in the description.
TABLE 2
Term Definition
Constraining Controlling locomotive of a train leading another train or
Locomotive meeting another train; the authority held by the constraining
locomotive is not conditional upon movement of the train
controlled by the dependent locomotive
Dependent Controlling locomotive of a train following another train or
Locomotive waiting for a meet with another train; the dependent
locomotive’s authority is conditional upon movement of the
train controlled by the constraining locomotive
Do Not Foul Limits | A condition placed on a locomotive’s movement authority
Ahead / In Effect indicating that the movement authority is not in effect until
Behind it is no longer occupied by one or more leading trains. Note
that “do not foul limits ahead / in effect behind” is the
terminology agreed upon by the ITC although railroads may
use different terminology for this condition in their
operations.
In Effect After A condition placed on a locomotive’s movement authority
Arrival indicating that the movement authority is not in effect
beyond an “at” milepost until one or more opposing trains
have arrived. Note that “in effect after arrival” is the
terminology agreed upon by the ITC although railroads may
use different terminology for this condition in their
operations.
[0020] The present invention is a system and method of train control where

movement authorities with conditions are electronically issued by a back office system to on-

board computers, where the conditions are monitored and resolved by means of direct

communications among on-board computers, without relying upon incremental authority
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being provided by a back office system. A conditional authority is a movement authority that
is subject to one or more conditions that must be satisfied for the authority to be considered in
effect. The condition may be fulfilled once (in effect after arrival) or must be perpetually met
(do not foul limits ahead / in effect behind). A constraining locomotive is the controlling
locomotive of a train leading another train or meeting another train. A dependent locomotive
is a controlling locomotive of a train following another train or waiting for a meet with
another train; the dependent locomotive's authority is conditional upon movement of the train
controlled by the constraining locomotive.

[0021] The invention may include various components, such as an office computer,
an on-board computer installed on a dependent locomotive, and an on-board computer
installed on a constraining locomotive.

[0022] The office computer may perform one or more of the following functions: (1)
accept movement authorities from an existing dispatching system; (2) validate that any
overlap among issued movement authorities is explained by an acceptable rule or authority
condition; (3) attach a code to each authority that represents all bulletins and restrictions that
must be present on the on-board computer to which the authority is issued; (4) electronically
transmit authorities to the appropriate on-board computer, and (5) provide communication
parameters to facilitate direct communication between on-board computers.

[0023] The onboard computer installed on a dependent locomotive may perform one
or more the following functions: (1) process a movement authority message that includes one
or more conditions; (2) obtain communication parameters from a back office computer to
allow direct communication with an onboard computer associated with a condition of a
movement authority; (3) communicate with the onboard computer(s) associated with each
condition of a movement authority; (4) monitor and update movement authority targets
based on train clearance locations reported by the onboard computer associated with each
movement authority condition; and (5) limit train movement to where movement authority
conditions are met.

[0024] The on-board computer installed on a constraining locomotive may perform
one or more of the following functions: (1) accepts requests from a plurality of on-board
computers for train clearance reports; (2) selects train clearance track locations based on
current movement authority, train head end location, and either crew-confirmed clearance
points or a location calculated using a GPS-equipped end-of-train (EOT) device; and (3)

reports track clearance location to all on-board computers that have requested reports.
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[0025] A track database may identify dispatchable points that may be referenced by
the on-board computers on both dependent and constraining locomotives. It is to be
understood that the system may continue to rely on voice radio conversations between crews.
[0026] In one embodiment, issuing a movement authority to a constraining
locomotive is set forth as follows. CAD (e.g., the dispatching system) specifies the full limits
of the movement authority for the constraining locomotive and sends that movement
authority to the BOS (e.g., back office computer). The BOS delivers the movement authority
to the constraining locomotive as in the prior art. Any movement authority that constrains the
movement authority of a dependent locomotive must be wholly unidirectional. CAD may
determine that any bidirectional authority segment is issued separately from any movement
authority that constrains the movement authority of a dependent locomotive. The movement
authority issued to a constraining locomotive does not necessarily identify any dependent
locomotive(s).

[0027] In one embodiment, issuing a movement authority to a dependent locomotive
is set forth as follows. CAD sends a movement authority to the BOS for a dependent
locomotive as in the current implementation. The movement authority contains the
applicable condition, either “in effect after arrival” or “do not foul limits ahead / in effect
behind”, and identifies the constraining locomotive(s) and their direction of movement.
[0028] The BOS will detect an overlap of limits between the movement authorities of
the constraining locomotive and dependent locomotive but will allow the overlap due to the
presence of the “in effect after arrival” or “do not foul limits ahead / in effect behind”
condition. Following successful transformation checking the BOS delivers the movement
authority to the dependent locomotive’s on-board segment.

[0029] The present invention, as discussed above, may be implemented on a variety
of computing devices, servers, processing units, and systems, wherein these computing
devices, servers, processing units, and systems include the appropriate processing
mechanisms and computer-readable media for storing and executing computer-readable
instructions, such as programming instructions, code, and the like. As shown in FIG. 1,
computers 900, 944, in a computing system environment 902 are provided. This computing
system environment 902 may include, but is not limited to, at least one computer 900 having
certain components for appropriate operation, execution of code, and creation and
communication of data. For example, the computer 900 includes a processing unit 904
(typically referred to as a central processing unit or CPU) that serves to execute computer-

based instructions received in the appropriate data form and format. Further, this processing
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unit 904 may be in the form of multiple processors executing code in series, in parallel, or in
any other manner for appropriate implementation of the computer-based instructions.

[0030] In order to facilitate appropriate data communication and processing
information between the various components of the computer 900, a system bus 906 is
utilized. The system bus 906 may be any of several types of bus structures, including a
memory bus or memory controller, a peripheral bus, or a local bus using any of a variety of
bus architectures. In particular, the system bus 906 facilitates data and information
communication between the various components (whether internal or external to the
computer 900) through a variety of interfaces, as discussed hereinafter.

[0031] The computer 900 may include a variety of discrete computer-readable media
components. For example, this computer-readable media may include any media that can be
accessed by the computer 900, such as volatile media, non-volatile media, removable media,
non-removable media, etc. As a further example, this computer-readable media may include
computer storage media, such as media implemented in any method or technology for storage
of information, such as computer-readable instructions, data structures, program modules, or
other data, random access memory (RAM), read only memory (ROM), electrically erasable
programmable read only memory (EEPROM), flash memory, or other memory technology,
CD-ROM, digital versatile disks (DVDs), or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage, or other magnetic storage devices, or any other medium
which can be used to store the desired information and which can be accessed by the
computer 900. Further, this computer-readable media may include communications media,
such as computer-readable instructions, data structures, program modules, or other data in
other transport mechanisms and include any information delivery media, wired media (such
as a wired network and a direct-wired connection), and wireless media. Computer-readable
media may include all machine-readable media with the possible exception of transitory,
propagating signals. Of course, combinations of any of the above should also be included
within the scope of computer-readable media.

[0032] The computer 900 further includes a system memory 908 with computer
storage media in the form of volatile and non-volatile memory, such as ROM and RAM. A
basic input/output system (BIOS) with appropriate computer-based routines assists in
transferring information between components within the computer 900 and is normally stored
in ROM. The RAM portion of the system memory 908 typically contains data and program

modules that are immediately accessible to or presently being operated on by processing unit
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904, e.g., an operating system, application programming interfaces, application programs,
program modules, program data and other instruction-based computer-readable codes.

[0033] With continued reference to FIG. 1, the computer 900 may also include other
removable or non-removable, volatile or non-volatile computer storage media products. For
example, the computer 900 may include a non-removable memory interface 910 that
communicates with and controls a hard disk drive 912, i.e., a non-removable, non-volatile
magnetic medium; and a removable, non-volatile memory interface 914 that communicates
with and controls a magnetic disk drive unit 916 (which reads from and writes to a
removable, non-volatile magnetic disk 918), an optical disk drive unit 920 (which reads from
and writes to a removable, non-volatile optical disk 922, such as a CD-ROM), a Universal
Serial Bus (USB) port 921 for use in connection with a removable memory card, etc.
However, it is envisioned that other removable or non-removable, volatile or non-volatile
computer storage media can be used in the exemplary computing system environment 900,
including, but not limited to, magnetic tape cassettes, DVDs, digital video tape, solid state
RAM, solid state ROM, etc. These various removable or non-removable, volatile or non-
volatile magnetic media are in communication with the processing unit 904 and other
components of the computer 900 via the system bus 906. The drives and their associated
computer storage media discussed above and illustrated in FIG. 1 provide storage of
operating systems, computer-readable instructions, application programs, data structures,
program modules, program data and other instruction-based computer-readable code for the
computer 900 (whether duplicative or not of this information and data in the system memory
908).

[0034] A user may enter commands, information, and data into the computer 900
through certain attachable or operable input devices, such as a keyboard 924, a mouse 926,
etc., via a user input interface 928. Of course, a variety of such input devices may be utilized,
e.g., a microphone, a trackball, a joystick, a touchpad, a touch-screen, a scanner, etc.,
including any arrangement that facilitates the input of data, and information to the computer
900 from an outside source. As discussed, these and other input devices are often connected
to the processing unit 904 through the user input interface 928 coupled to the system bus 906,
but may be connected by other interface and bus structures, such as a parallel port, game port,
or a universal serial bus (USB). Still further, data and information can be presented or
provided to a user in an intelligible form or format through certain output devices, such as a
monitor 930 (to visually display this information and data in electronic form), a printer 932

(to physically display this information and data in print form), a speaker 934 (to audibly
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present this information and data in audible form), etc. All of these devices are in
communication with the computer 900 through an output interface 936 coupled to the system
bus 906. It is envisioned that any such peripheral output devices be used to provide
information and data to the user.

[0035] The computer 900 may operate in a network environment 938 through the use
of a communications device 940, which is integral to the computer or remote therefrom. This
communications device 940 is operable by and in communication to the other components of
the computer 900 through a communications interface 942. Using such an arrangement, the
computer 900 may connect with or otherwise communicate with one or more remote
computers, such as a remote computer 944, which may be a personal computer, a server, a
router, a network personal computer, a peer device, or other common network nodes, and
typically includes many or all of the components described above in connection with the
computer 900. Using appropriate communication devices 940, e.g., a modem, a network
interface or adapter, etc., the computer 900 may operate within and communication through a
local area network (LAN) and a wide area network (WAN), but may also include other
networks such as a virtual private network (VPN), an office network, an enterprise network,
an intranet, the Internet, etc. It will be appreciated that the network connections shown are
exemplary and other means of establishing a communications link between the computers
900, 944 may be used.

[0036] As used herein, the computer 900 includes or is operable to execute
appropriate custom-designed or conventional software to perform and implement the
processing steps of the method and system of the present invention, thereby, forming a
specialized and particular computing system. Accordingly, the presently-invented method
and system may include one or more computers 900 or similar computing devices having a
computer-readable storage medium capable of storing computer-readable program code or
instructions that cause the processing unit 904 to execute, configure or otherwise implement
the methods, processes, and transformational data manipulations discussed hereinafter in
connection with the present invention. Still further, the computer 900 may be in the form of a
personal computer, a personal digital assistant, a portable computer, a laptop, a palmtop, a
mobile device, a mobile telephone, a server, or any other type of computing device having the
necessary processing hardware to appropriately process data to effectively implement the
presently-invented computer-implemented method and system.

[0037] It will be apparent to one skilled in the relevant art(s) that the system may

utilize databases physically located on one or more computers which may or may not be the
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same as their respective servers. For example, programming software on computer 900 can
control a database physically stored on a separate processor of the network or otherwise.

[0038] Although the invention has been described in detail for the purpose of
illustration based on what is currently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is solely for that purpose and that the
invention is not limited to the disclosed embodiments, but, on the contrary, is intended to
cover modifications and equivalent arrangements that are within the spirit and scope of the
appended claims, of any. 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.

12
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WHAT IS CLAIMED:

1. A system for managing movement authorities in a positive train control (PTC)

system, the system comprising:

a first on-board system situated on a first train having one or more
locomotives;

a second on-board system situated on a second train having one or more
locomotives; and

a back office system remote from the first and second trains, wherein the first
on-board system, the second on-board system, and the back office system are
communicatively connected to each other via a network, wherein the first and second on-
board systems are configured to receive a respective first and second movement authority
from the back office system, wherein the second movement authority includes a condition
that constrains the second movement authority by the first movement authority so that a
movement of the second train is dependent on a movement of the first train, wherein the
second on-board system is configured to directly transmit to the first on-board system an
inquiry relating to the condition, wherein the first on-board system is configured to directly
transmit a report to the second on-board system either:

(1) in response to receipt of the inquiry when the condition is satisfied; or

(il)  prior to when the condition is satisfied as determined by the second on-

board system.

2. The system of claim 1, wherein determination that the condition is satisfied is
based at least on the first movement authority and location data of the first train defined by
(a) a head-end location of the train and a (b) a crew-confirmed point or an end-of-train

location of the train.

3. The system of claim 1, wherein the second movement authority includes one
or more of (a) an “In Effect After Arrival” condition; (b) “Do Not Foul Limits Ahead / In
Effect Behind” condition; and (c) an identification of the one or more locomotives of the first

train and direction of movement thereof.

4, The system of claim 1, wherein the second on-board system is configured to

display visual indicia corresponding to the report.
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5. The system of claim 1, wherein the first and second movement authorities are

received by the back office system from a computer-aided dispatch.

6. The system of claim 1, wherein the back office system:
determines that an overlap existing between the first and second movement
authorities is valid before transmitting the first and second movement authorities to the
respective first and second on-board systems; and
transmits communication parameters to the first and second on-board systems

to effect communication therebetween.

7. The system of claim 1, wherein the second on-board system is configured to
directly transmit to a plurality of other on-board systems respective inquiries relating to
respective conditions associated with a plurality of movement authorities received by the

second on-board system.

8. A method for managing movement authorities in a positive train control (PTC)
system, the method comprising the steps of:
receiving at a first on-board system of a first train having one or more
locomotives a first movement authority from a back office system;
receiving at a second on-board system of a second train having one or more
locomotives a second movement authority from the back office system, wherein the second
movement authority includes a condition that constrains the second movement authority by
the first movement authority so that a movement of the second train is dependent on a
movement of the first train, wherein the back office system is remote from the first and
second trains, wherein the first on-board system, the second on-board system, and the back
office system are communicatively connected to each other via a network;
transmitting from the second on-board system to the first on-board system an
inquiry relating to the condition; and
transmitting from the first on-board system to the second on-board system a
report in response to receipt of the inquiry either:
(1) when the condition is satisfied; or
(i)  prior to when the condition is satisfied as determined by the

second on-board system.
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9. An on-board locomotive system used to receive movement authorities in a
positive train control (PTC) system, the on-board locomotive system comprising one or more
computers having computer readable mediums having stored thereon instructions which,
when executed by one or more processors of the one or more computers, causes the system to
perform the steps of:

receiving at the on-board locomotive system a movement authority from a
back office system, wherein the movement authority includes a condition that constrains the
movement authority by another movement authority received by another on-board
locomotive system;

transmitting from the on-board locomotive system to the another on-board
locomotive system an inquiry relating to the condition; and

receiving at the on-board locomotive system from the another on-board
locomotive system a report in response to receipt of the inquiry either:

) when the condition is satisfied; or
(i)  prior to when the condition is satisfied as determined by the

second on-board system.

10. A computer readable medium having stored thereon instructions which, when
executed by one or more processors of one or more computers, causes the one or more
processors to execute steps of a method for receiving movement authorities by an on-board
locomotive system in a positive train control (PTC) system, the method comprising the steps
of:

receiving at the on-board locomotive system a movement authority from a
back office system, wherein the movement authority includes a condition that constrains the
movement authority by another movement authority received by another on-board
locomotive system;

transmitting from the on-board locomotive system to the another on-board
locomotive system an inquiry relating to the condition; and

receiving at the on-board locomotive system from the another on-board
locomotive system a report in response to receipt of the inquiry either:

(1) when the condition is satisfied; or
(i)  prior to when the condition is satisfied as determined by the

second on-board system.
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