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DISTRIBUTED VEHICLE SYSTEM
CONTROL SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/327,101, which was filed on 25 Apr.
2016, and the entire disclosure of which is incorporated
herein by reference.

FIELD

[0002] The subject matter described herein relates to con-
trol systems and methods for vehicle systems.

BACKGROUND

[0003] Vehicle systems may be controlled by onboard
and/or off-board operators. For example, rail vehicles (e.g.,
trains), automobiles, trucks, marine vessels, etc., may have
persons onboard the vehicles in order to control operations
such as throttle positions, brake applications, etc. In com-
plex vehicle systems, several operators may be onboard to
monitor and control operations of the vehicle systems. One
operator may control throttle and brake systems while one or
more other operators monitor other aspects of the vehicle
systems, such as watching for obstructions along a direction
of travel of the vehicle systems, monitoring the vehicle
systems for unsafe operations, handling other mission plan-
ning activities and paperwork, etc.

[0004] One problem with having multiple operators
onboard the same vehicle system is that the operators are
limited to being on, and working on, the single vehicle
system. An operator onboard one vehicle system is unable to
control operation of another, separate and different vehicle
system. For the operator to control one or more operations
of another vehicle system, the vehicle system that the
operator is currently on must stop to allow the operator to
leave the current vehicle system and board another vehicle
system in order to control operations of the other vehicle
system. The operator is not able to concurrently control
operations of multiple vehicle systems.

[0005] Off-board operation of some vehicle systems can
include an operator disposed outside of the vehicle system
with a remove control device. For example, an operator may
have an operator control unit (OCU) and be located along
the route on which the vehicle system is traveling or in a
tower elevated above the vehicle system may remotely
control the throttle of the vehicle system. But, the operator’s
remote control of the vehicle system is limited by the
wireless communication range of the OCU and visual range
of the operator, both of which can be limited to a mile (e.g.,
1.6 kilometers) or less. Additionally, the OCU typically is
communicatively linked with a single vehicle system to
avoid the OCU inadvertently controlling another vehicle
system. Consequently, the operator is limited to remotely
controlling a single vehicle system over a relatively small
and limited range.

BRIEF DESCRIPTION

[0006] In one embodiment, a distributed control system
includes a remote control system configured to be commu-
nicatively coupled with plural separate vehicle systems. The
remote control system is configured to remotely control
operation of the vehicle systems and/or communicate with
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the local vehicle control system or operator. The remote
control system also is configured to one or more of change
how many of the vehicle systems are concurrently controlled
by the remote control system or change how many remote
operators of the remote control system concurrently control
the same vehicle system of the vehicle systems.

[0007] In one embodiment, a method includes communi-
catively coupling a remote control system with plural sepa-
rate vehicle systems, generating control inputs from the
remote control system to remotely control operation of the
vehicle systems, and one or more of changing how many of
the vehicle systems are concurrently controlled by the
remote control system or changing how many remote opera-
tors of the remote control system concurrently control the
same vehicle system of the vehicle systems.

[0008] In one embodiment, a distributed control system
includes a vehicle control system configured to be disposed
onboard a vehicle system formed from one or more vehicles.
The vehicle control system is configured to control move-
ment of the vehicle system. The distributed control system
also includes a remote control system configured to be
communicatively coupled with the vehicle control system.
The remote control system is configured to communicate
control inputs from one or more off-board operators of the
remote control system to the vehicle system in order to
remotely control the movement of the vehicle system. The
remote control system is configured to change how many of
the off-board operators concurrently generate the control
inputs for communication from the remote control system to
the vehicle control system for remote control of the vehicle
system.

[0009] In one embodiment, a vehicle control system
includes a controller configured to be disposed onboard a
vehicle system and to be communicatively coupled with one
or more of a propulsion system or a braking system of the
vehicle system. The controller is configured to receive
operational set points designated by an operator located
onboard the vehicle system and to determine operational
settings of the one or more of the propulsion system or the
braking system that drives the vehicle system to move
according to the operational set points designated by the
operator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present inventive subject matter will be better
understood from reading the following description of non-
limiting embodiments, with reference to the attached draw-
ings, wherein below:

[0011] FIG. 1 illustrates one embodiment of a distributed
control system;

[0012] FIG. 2 illustrates one embodiment of a vehicle
control system;

[0013] FIG. 3 illustrates one embodiment of a remote
control system shown in FIG. 1;

[0014] FIG. 4 illustrates one example of a graphical user
interface (GUI) presented to an operator of the remote
and/or vehicle control system shown in FIG. 1 by a crew
resource management unit of the corresponding remote
and/or vehicle control system;

[0015] FIG. 5 illustrates another example of a GUI pre-
sented to an operator of the remote and/or vehicle control
system shown in FIG. 1;
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[0016] FIG. 6 illustrates another example of a GUI pre-
sented to an operator of the remote and/or vehicle control
system shown in FIG. 1;

[0017] FIG. 7 illustrates another example of information
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device;
[0018] FIG. 8 illustrates an additional example of a GUI
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 of the corresponding remote and/or
vehicle control system;

[0019] FIG. 9 illustrates an additional example of a GUI
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 of the corresponding remote and/or
vehicle control system;

[0020] FIG. 10 illustrates an additional example of a GUI
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 of the corresponding remote and/or
vehicle control system;

[0021] FIG. 11 illustrates an additional example of a GUI
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 of the corresponding remote and/or
vehicle control system;

[0022] FIG. 12 illustrates an additional example of a GUI
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 of the corresponding remote and/or
vehicle control system;

[0023] FIGS. 13A-13B illustrate another example of a
GUI shown to an operator of the remote and/or vehicle
control system shown in FIG. 1 by the corresponding output
device; and

[0024] FIG. 14 illustrates a flowchart of one embodiment
of a method for distributed vehicle system control.

DETAILED DESCRIPTION

[0025] FIG. 1 illustrates one embodiment of a distributed
control system 100. The distributed control system is dis-
tributed such that multiple operators 102 (e.g., 102A-C), 104
located in multiple, different, and remote locations are able
to work on, control operations, and/or monitor operations of
multiple, separate vehicle systems 106 (e.g., 106A-C). The
operators 102, 104 may be in remote locations when at least
one of the operators is off-board the vehicle system being
controlled, with these operators concurrently controlling
operations of the same vehicle system. For example, the
operator 102A may be located onboard the vehicle system
102A to locally control operations of the vehicle system
102A and the operator 104 may be located off-board the
vehicle system 102A to control one or more of the same or
different operations of the same vehicle system 102A. The
vehicle systems may be separate when the vehicle systems
are not mechanically coupled with each other and are not
traveling with each other. The vehicle systems described
herein may include a variety of different types of vehicles.
For example, the vehicle systems may include rail vehicle
systems (e.g., trains), automobiles, marine vessels, aircraft
(e.g., drones), etc. and may be manned by one or more
operators or be unmanned (i.e., more autonomous). While
the vehicle systems are illustrated as trains, not all embodi-
ments may be limited to trains. The vehicle systems are not
model or toy vehicles in at least one embodiment of the
subject matter described herein.

[0026] In one embodiment, the distributed control system
includes a highly automated vehicle control system (not
shown in FIG. 1) which is optionally manned by at least one
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operator 102 disposed onboard the vehicle system (also
referred to as a local or onboard crew member) and a remote
control system or station 108 that supports another operator
104 (also referred to as a remote or off-board crew member.
Alternatively, the vehicle system may be controlled by the
remote and local control systems without any human opera-
tor disposed onboard the vehicle system. The remote crew
member may use the remote station to control the operations
of multiple vehicle systems. For example, the remote crew
member may use the remote station to switch between
controlling operations of different vehicle systems 102A-C
at different times and/or controlling operations of two or
more vehicle systems 102A-C at the same time.

[0027] The vehicle and remote control systems are com-
municatively coupled by one or more networks. These
networks can be wireless networks, such as networks that
communicate signals between wireless communication
devices 110, such as antennas, satellites, routers, etc. The
remote crew member or operator may monitor and/or con-
trol operations of the vehicle systems via signals commu-
nicated between the vehicle control system and the remote
control system via the communication devices 110.

[0028] In one embodiment, the communication devices
110 may provide for much longer ranges of control of the
vehicle systems than terrestrial wireless communication
devices. For example, the communication devices 110 can
allow for a remote control system to communicate with and
remotely control vehicle systems over a range of hundreds
or thousands of kilometers from the devices 110 and the
remote control system. The communication devices 110 may
include satellites or devices that communicate with satellites
(e.g., antennas and associated transceiving circuitry) that
allow for wireless signals to be communicated between the
vehicle systems and the remote control system over very
large distances of hundreds or thousands of miles or kilo-
meters. This allows for the remote operator to remotely
control the movement of a vehicle system without the
vehicle system being within eyesight (e.g., the range of
vision) of the remote operator (without use of a camera or
magnifying device).

[0029] The remote operator may control different vehicle
systems at different times. For example, during a first period
of time, the remote operator may cause the remote control
system to generate and communicate signals to the vehicle
control system of the vehicle system 102A to control opera-
tions (e.g., to change or control a throttle position) of the
vehicle system 102A. During a subsequent, second period of
time, the remote operator may cause the remote control
system to generate and communicate signals to the vehicle
control system of the vehicle system 102B to control opera-
tions (e.g., to change or control a throttle position) of the
vehicle system 102B. The remote operator and remote
control system may continue to switch between which
vehicle system is controlled during different time periods to
allow the remote operator to concurrently control the opera-
tions of several different vehicle systems. Optionally, the
remote operator and the remote control system can commu-
nicate signals to multiple vehicle systems at the same time
or during overlapping time periods in order to simultane-
ously control operations of multiple vehicle systems. The
remote control system may control movements of these
vehicle systems in an over-the-road environment. For
example, instead of the remote control system merely con-
trolling movement of the vehicle systems within a vehicle
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vard (e.g., a rail yard), the remote control system may
control the movements of the vehicle systems along routes
that extend between vehicle yards or that are much larger
(e.g., longer) than the vehicle yards.

[0030] The remote control system may remotely control
movements of different vehicle systems based on conditions
of the routes on which the vehicle systems are moving. For
example, the remote control system may remotely control
movement of a vehicle system while that vehicle system is
traveling on a first segment of the route that has fewer curves
and/or has curves with larger radii of curvature than a
different, second segment of the route. Responsive to the
vehicle system traveling on the second segment of the route,
the remote control system may pass or hand off control of
the vehicle system to an onboard operator.

[0031] The vehicle control systems onboard the vehicle
systems may control the same or other operations of the
vehicle systems as the remote control systems. For example,
in one embodiment, the remote control system may control
the throttle or speed command of a vehicle system during
nominal conditions and the onboard operator of the same
vehicle system can monitor the vehicle system and change
the throttle setting, apply the brakes, or otherwise control
operation of the vehicle system in response to identifying an
unsafe situation (e.g., the vehicle system moving too fast, an
obstruction on the route being traveled by the vehicle
system, etc.). Optionally, the remote control system can
control or change operation of the vehicle system in
response to identifying an unsafe situation (e.g., the vehicle
system moving too fast, an obstruction on the route being
traveled by the vehicle system, etc.).

[0032] FIG. 2 illustrates one embodiment of a vehicle
control system 200. The vehicle control system is disposed
onboard the vehicle system 102. While the vehicle system
102 1s shown as a single vehicle in FIG. 2, optionally, the
vehicle system 102 may include multiple vehicles traveling
together along a route. The vehicles in a vehicle system may
be mechanically coupled with each other or may be
mechanically decoupled or separate from each other but
communicating with each other to coordinate movements of
the vehicles such that the vehicles travel together as a larger
vehicle system.

[0033] The vehicle control system includes a controller
202, which represents hardware circuitry that includes and/
or is connected with one or more processors (e.g., micro-
processors, controllers, field programmable gate arrays, and/
or integrated circuits) that perform various operations
described herein. The controller 202 receives signals from
an input device 204 that receives control input from the
onboard operator 102 of the vehicle system. The input
device 204 can represent one or more throttles (e.g., levers,
pedals, etc.), buttons, touchscreens, switches, etc., that con-
trol operation of the vehicle system. For example, the input
device 204 can be actuated by the onboard operator of the
vehicle system to change a throttle setting of a propulsion
system 206 to change how quickly the vehicle system is
moving, to change a brake setting of a brake system 208, to
communicate one or more signals to the remote control
system 108 (e.g., via a communication device 210 of the
vehicle control system), or to otherwise control operation of
the vehicle system.

[0034] The propulsion system 206 represents one or more
engines, generators, alternators, motors, or the like, that
operate to propel the vehicle system. The brake system 208
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represents one or more brakes of the vehicle system, such as
dynamic brakes, friction brakes, etc. The communication
device 210 represents hardware circuitry used for commu-
nicating signals with the remote control system, such as one
or more antennas, transceivers, routers, or the like. An
output device 212 may present information to the onboard
operator, such as information representative of operations of
the vehicle system (e.g., moving speeds, speed limits, accel-
erations, temperatures, fuel levels, etc.), information com-
municated from the remote control system (e.g., speeds at
which the vehicle system is to move, locations where the
vehicle system is to brake, etc.), or other information. The
output device 212 can represent one or more touchscreens
(which also may be the input device 204) or other display
devices, speakers, haptic devices, etc.

[0035] In one mode of operation, the vehicle control
system receives control inputs from the remote control
system and uses the control inputs to automatically control
operation of the vehicle system. The control inputs can
designate operations or operational settings or parameters of
the vehicle system, such as designated speeds at which the
vehicle system is to travel, designated times and/or locations
at which the vehicle system is to brake, designated accel-
erations and/or decelerations at which the vehicle system is
to change speeds, locations that the vehicle system is to
move toward, designated throttle settings, etc. The controller
of the vehicle control system can receive these control inputs
from the remote control system via the communication
device of the vehicle system and automatically control (e.g,,
without intervention of the onboard operator) the propulsion
system and/or braking system of the vehicle system to
implement the control inputs.

[0036] The remote control of the vehicle system can
provide the onboard or local crew member 102 with more
time to focus on other tasks (relative to the onboard or local
crew member 102 not having the remote control system
available for assisting in controlling movement of the
vehicle system). For example, the onboard operator can have
additional time to look for obstructions in the path of travel
of the vehicle system, to monitor operation of the vehicle
system, to perform maintenance, inspection, and/or repair of
the vehicle system, or the like. The system 100 can reduce
the skill needed to manually control movement of the
vehicle system, such as by having the remote control system
provide speed inputs and the vehicle control system being
used by the operator to control the vehicle system to travel
according to the speed inputs.

[0037] For example, the remote control system may com-
municate speed set points, or designated speeds (and/or
locations along a route, distances along a route, or times at
which the vehicle system is to be traveling as the designated
speeds) to the vehicle control system. These speeds may be
provided to the vehicle control system as the vehicle control
system is moving, in contrast to a previously determined or
generated schedule or speed traj ectory that is generated
prior to movement of the vehicle system. The vehicle control
system can receive and report these speeds to the onboard
operator, and the onboard operator can actuate the input
device onboard the vehicle system to cause the vehicle
system to travel according to the designated speeds. Addi-
tionally, the onboard operator can safely and efficiently
return to controlling movement of the vehicle system should
the need arise by providing a speed input to the local control
system, such as when the operator at the remote control
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system is not able to remotely direct movement of the
vehicle system, communication delays or interruptions pre-
vent the remote control system from communicating control
inputs to the vehicle control system, etc.

[0038] The controller of the vehicle control system
includes skilled driving knowledge that incorporates vehicle
handling and other information used to determine how to
change operational settings (e.g., throttle and/or brake set-
tings) of the vehicle system to safely and efficiently control
operation of the vehicle system according to the higher-
order control inputs provided by the remote control system.
For example, the controller may receive operational set
points as control inputs from the remote control system
and/or from the onboard operator. An operational set point
can represent an operational goal that the vehicle system is
to achieve, such as a moving speed, a location or distance in
which the vehicle system is to stop or slow movement, a
location to which the vehicle system is to travel, a time by
which the vehicle system is to reach a location, an amount
of fuel that the vehicle system is to consume or consume less
than during movement, an amount of emissions that the
vehicle system is to generate or generate less than during
movement, throttle settings or positions, brake settings or
positions, etc. The vehicle control system receives the opera-
tional set points and changes the settings of the propulsion
system and/or braking system of the vehicle system so that
the vehicle system achieves the set points.

[0039] As one example, the vehicle control system may
receive a designated speed at which the vehicle system is to
travel from the onboard operator and/or from the remote
control system. The controller of the vehicle control system
may determine a current speed of the vehicle system (e.g.,
from a sensor such as a tachometer, global positioning
system receiver, etc.) and compare the current and desig-
nated speeds to determine how to change the throttle and/or
brake settings of the vehicle system to achieve the desig-
nated speed. In one example, the controller can determine
changes in the throttle and/or brake settings that cause the
vehicle system to achieve the designated speed while con-
suming less fuel and/or generating fewer emissions than
using other, different changes in the throttle and/or brake
settings (e.g., by switching to the highest throttle setting). In
another example, the controller can determine the changes
that reduce the number and/or size of throttle and/or brake
setting changes relative to other changes, changes in the
throttle and/or brake settings that reduce forces exerted on
couplers relative to other changes, etc.

[0040] The controller can control the propulsion and/or
braking systems to try and maintain, on average, the desig-
nated set point and/or to use the set point as an upper limit
on the operational settings of the vehicle system. The
controller can project speeds at which the vehicle system
will move (e.g., determine a speed trajectory) based on the
current speed and the changes to the throttle and/or brake
settings in order to determine how to cause the vehicle
system to travel at the set point designated by the remote
control system or the onboard operator.

[0041] The remote control system may dictate control
inputs that control operation of the vehicle system at various
levels. For example, the remote operator can use the remote
control system to provide varying speed set points during a
trip of the vehicle system as a function of locations of the
vehicle system such that the set points change at two or more
different locations. For example, set points may be commu-
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nicated to the vehicle control system from the remote control
system as: proceed at time 0530, stop at location 123 by time
1400; set out car at siding (with protections and inputs
provided by the onboard crew member 102; stop at location
53 until given authorization to move by foreman. A simple
language/syntax can be developed for to provide these set
points. The controller of the vehicle control system then
transforms these set points into a speed command trajectory,
which is used to determine the settings of the propulsion and
braking systems of the vehicle system.

[0042] The vehicle control system may receive the opera-
tional set points and determine an operational setting tra-
jectory for a vehicle system based on the operational set
points. For example, the controller 202 may receive the
speed set points provided by the remote control system and
determine the throttle settings and/or brake settings that are
to be used by the respective propulsion and braking systems
206, 208 in order for the vehicle system to reach the speed
set points. The controller 202 may examine the grades of the
route, curvatures of the route, weights of the vehicles and/or
cargo, etc., in order to determine the throttle and/or brake
settings. For example, for inclined grades and/or heavier
vehicles and cargo, larger throttle settings may be needed to
accelerate to a faster speed set point than for flatter or
declined grades and/or lighter vehicles and cargo. The
throttle and/or brake settings may be designated for different
locations along the route, distances along the route, and/or
times. The controller 202 may then control the propulsion
and/or braking systems 206, 208 to implement the throttle
and/or brake settings in order to achieve the speed set points.
[0043] Optionally, the vehicle control system and/or the
onboard operator of the vehicle system can determine the set
points of the vehicle system and communicate these set
points to the remote control system via the communication
device 210. The remote control system may examine the set
points and determine the operational settings and/or changes
to the operational settings of the vehicle system that can be
used to reach or achieve the set points. The operational
settings and/or changes in the operational settings may be
communicated from the remote control system to the vehicle
control system so the controller of the vehicle control system
can implement the operational settings and/or changes to the
operational settings with the propulsion and/or braking
systems.

[0044] An alerter system 214 of the vehicle control system
monitors physiological features of the onboard operator 102
of the vehicle system to determine whether the onboard
operator is alert and able to provide sufficient safeguards
against unsafe operation of the vehicle system by the
onboard controller and/or the remote control system. The
alerter system receives monitoring signals from one or more
sensors in a sensor array 216. These sensors can include
heart rate monitors, blood pressure monitors, cameras, the
input device 204, etc. The alerter system includes or repre-
sents hardware circuitry that includes and/or is connected
with one or more processors (e.g., microprocessors, field
programmable gate arrays, or integrated circuits) that
receive and examine the monitoring signals from the sensor
array. Based on the monitoring signals, the alerter system
can determine whether the onboard operator of the vehicle
system is alert and monitoring operations of the vehicle
system.

[0045] For example, the alerter system can examine the
blood pressure and/or pulse or heart rate and rate variation
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of the operator to determine if the operator is alive and alert.
Optionally, the alerter system can examine other sensor data,
such as electroencephalogram (EEG) data, electrocardio-
gram (ECG) data, or other contact/wearable measurements
of the operator. The alerter system can receive images or
video of the operator to determine whether the operator is
moving at least as often as a designated frequency (e.g., once
every minute, once every hour, etc.). The alerter system can
receive images or video of the operator and use computer or
machine vision techniques to determine postures and/or
gestures of the operator, such as slouching versus upright,
raised eyebrows or closed eyes, yawns or closed mouths,
etc., to determine whether the operator is alert.

[0046] As another example, the alerter system provides
cognitive tasks to the operator (e.g., via the output device
212) and examines the operator’s performance of the tasks
to determine whether the operator is alert. The cognitive
tasks can include directions to play a game (e.g., tic-tac-toe),
directions to perform a series of examinations of the vehicle
system, directions to actuate a sequence of input devices
(e.g., buttons, levers, areas of a touchscreen, etc.), or other
tasks that require the operator to be alert to perform the
tasks. If the operator does not complete the tasks to at least
a specified level of achievement or is unable to complete the
tasks, then the alerter system may determine that the opera-
tor is not alert. Optionally, the cognitive tasks may be
contextual cognitive tasks. These tasks may be similar to the
cognitive tasks previously described, but may require the
operator to perform tasks related to operation of the vehicle
system. For example, the alerter system may direct the
operator to manually input (via the input device 204) the
current location of the vehicle system, the current ambient
temperature, the current weather conditions, the grade of the
segment of the route currently being traveled upon, or the
like. If the operator is unable to complete the task and/or to
perform the task up to at least a designated level (e.g., the
operator is unable to finish a game or is unable to beat the
game), then the alerter system may determine that the
operator is not currently alert.

[0047] Inone embodiment, the alerter system contextually
examines the observed operator behavior (e.g.. inputs to
local control system) to expected operator behavior gener-
ated through an awareness of vehicle context. For example,
the alerter system may determine when the vehicle system is
approaching a grade crossing and that the expected behavior
is for the operator to be attentive to the crossing and place
a hand on or near a horn actuator of the vehicle system. If
the operator does not behave in this manner, then the alerter
system determines that the operator is not alert.

[0048] Responsive to determining that the operator is not
alert, the alerter system may perform one or more actions.
The alerter system may actuate one or more alarms (e.g.,
lights, speakers, etc.) via the output device 212, the alerter
system may direct the controller to automatically reduce the
throttle and/or activate the braking system of the vehicle
system, the alerter system may communicate a warning
signal to the remote control system, the alerter system may
switch control of one or more operations of the vehicle
system from the onboard operator or vehicle control system
to the remote operator or remote control system (e.g., control
over the braking system), etc.

[0049] Optionally, the alerter system may monitor physi-
ological features of an off-board operator at the remote
control system to determine whether the off-board operator
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is present and alert during remote control of one or more
vehicle systems. Responsive to determining that the off-
board operator is not present or is not alert, the alerter system
may pass or hand off remote control of a vehicle system to
another remote operator or to an operator onboard the
vehicle system.

[0050] In one embodiment, the communication devices
110, 210 and/or the controllers 102, 202 can monitor the
communication or data link(s) between the communication
devices 110, 210 to determine whether to change how the
vehicle system is controlled based on the communication or
data link(s). A communication or data link can represent a
connection between the communication devices 110, 210 to
permit communication of data between the communication
devices 110, 210. The link can be disrupted or interrupted
due to a variety of causes, such as failure of a communica-
tion device 110, 210, travel of the vehicle system through a
tunnel or valley, electromagnetic interference from sources
external to the vehicle system, etc. The communication or
data link between the remote control system and the vehicle
system can be monitored by the communication devices 110
and/or 210 and, if the link become interrupted, destroyed, or
too limited (e.g., the bandwidth or speed of the link
decreases below a designated threshold, such as by decreas-
ing by 50% or more), then the communication devices 110,
210 and/or controllers 102, 202 can assign another remote
control system to control and be communicatively coupled
with the vehicle system.

[0051] The vehicle control system also includes a crew
resource management (CRM) unit or console 218. With the
vehicle system being controlled using a distributed crew of
operators, the CRM unit 218 provides for non-verbal com-
munication between the remote and local operators of the
vehicle system. The CRM unit represents hardware circuitry
that includes and/or is connected with one or more proces-
sors (e.g., microprocessors, integrated circuits, field pro-
grammable gate arrays, etc.) that receive signals from the
remote operator via the remote control system and the
communication device 210, from the onboard operator via
the input device 204, from the alerter system 214, from an
alerter system of the remote control system, and/or from one
or more other locations, and display or otherwise present this
information to the onboard operator of the vehicle system.
For example, if the onboard or remote operator updates the
speed or state of the vehicle system, an indicator light can be
activated on the CRM unit 218, which notifies the other
operators of the updated speed or state. The CRM unit may
require that the operator in the same location of the CRM
unit confirm or acknowledge the changed speed or state,
such as by actuating the input device 204. This acknowl-
edgement may be communicated to the operators (local and
remote) to ensure that all operators are aware of changes in
the operations of the vehicle system and are aware that other
operators are aware of the changes.

[0052] FIG. 3 illustrates one embodiment of the remote
control system 108 shown in FIG. 1. The remote control
system includes a communication device 310, which may be
similar or identical to the communication device 210 of the
vehicle control system, to permit the remote and vehicle
control systems to communicate with each other. The remote
control system also includes a controller 302, which may be
similar or identical to the controller 202 of the vehicle
control system. The controller 302 may perform the opera-
tions of the remote control system described herein. The
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remote control system also may include an alerter system
314 and sensor array 316 that operate and perform the same
or similar functions as described above in connection with
the same components of the vehicle control system. This
allows the remote control system to determine whether the
remote operator at the remote control system is alert. The
remote control system also includes an output device 312
similar or identical to the output device 212 of the vehicle
control system, and a CRM unit 318 that is identical or
similar to the CRM unit 218 of the vehicle control system.
[0053] The remote control system can allow a single
remote operator to remotely control operations of several
vehicle systems and maintain awareness of other relevant
vehicle systems. The controller of the remote control system
may generate signals for display on the output device to
represent current states of various vehicle systems. The
remote operator or controller may select a vehicle system to
be controlled, and the remote operator may change one or
more of the operational settings of the selected vehicle
system via the input device of the remote control system,
such as by setting a set point for the vehicle system. The
controller of the remote control system may then generate a
signal representative of the set point for communication to
the controller of the vehicle control system to allow for the
vehicle system to be controlled. The remote control system
and/or remote operator may switch between controlling
several different vehicle systems at different times or allow
the operator to control multiple vehicle systems at the same
time.

[0054] The remote operator can have access to signifi-
cantly more information about the context of the vehicle
systems being controlled by the remote control system than
any single local operator of a vehicle system in one embodi-
ment. Because the remote control system may be commu-
nicating with several vehicle systems at a time, data repre-
senting the states of these vehicle systems can be aggregated
and presented to the remote operator by the CRM unit 318
via the output device 312. These data include current loca-
tions, speeds, and statuses of the vehicle systems and the
crew members on the vehicle systems (e.g., from the con-
troller 202, alerter system 214, CRM unit 218, or other data
source), the location of each vehicle system relative to each
other and other waypoints, and physical aspects of the region
of operation (e.g.. network switch states, signals from dis-
patcher, maintenance areas, slippety areas, etc.).

[0055] FIG. 4 illustrates one example of information pre-
sented to an operator of the remote and/or vehicle control
system shown in FIG. 1 of the corresponding remote and/or
vehicle control system. The information shown in FIG. 4 can
be presented on the output device 212, 312, such as a
display, to the operator. This information shows an elevation
map 400 of the route being traveled by one or more vehicle
systems, along with locations of stops and other relevant
waypoints along the elevation map 400, locations of vehicle
systems 106, and directions of travel of the vehicle systems
indicated on or near the elevation map 400 (e.g., by the
arrow end of the symbols representing the vehicle systems).
[0056] A network status representation 402 can be pre-
sented to the operator to indicate the current and future states
of the vehicle systems, as estimated or predicted by the
controller 302 of the remote control system based on current
states of the vehicle systems. The status representation 402
is shown alongside a horizontal axis 404 representative of
time and a vertical axis 406 representative of different
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locations along a selected route being traveled by different
vehicle systems. In the illustrated embodiment, several solid
lines 406 indicate locations of alternate or siding routes that
a vehicle system may move onto to get off of the route
shown in the map 400 and allow another vehicle system to
pass on the route. Several scheduled movement lines 408
(e.g., movement lines 408 A-C) represent estimated, sched-
uled, or predicted movements of several vehicle systems 106
(e.g., the vehicle systems 106A-C).

[0057] For example, a movement line 408A can represent
the movement of a first vehicle system 106A along a route
410, a movement line 408B can represent the movement of
a second vehicle system 106B along the route 410, and a
movement line 408C can represent the movement of a third
vehicle system 106C along the route 410. This information
presented to the operator by the output device 212 and/or
312 can indicate that the vehicle system 106A is scheduled
to travel in a first direction of travel along the route 410
without stopping or pulling off onto any siding routes, while
the second vehicle system 106B is to travel in an opposite
direction of travel along the same route 410 to a siding
represented by the route line 406 A, pull off of the route 410
onto the siding 406A and wait for a designated period of
time 412, pull back onto the route 410 and travel to another
siding represented by the route line 406B, pull off of the
route 410 onto the siding 406B and wait for a designated
period of time 414, and pull back onto the route 410 and
travel along the route 410. This information also indicates
that the vehicle system 106C is scheduled to travel in the
same direction of travel along the route 410 as the second
vehicle system 1068, but at a later time, and to pull off of
the route 410 onto a siding 406C and wait for a designated
period of time 416, pull back onto the route 410 and travel
to the siding 4068, pull off of the route 410 onto the siding
4068 and wait for a designated period of time 418, and pull
back onto the route 410 and travel along the route 410.
[0058] The remote operator may be assigned with con-
trolling movement of the vehicle systems traveling along a
designated section of the route 410, such as the portion of the
route 410 shown in FIG. 4. Responsive to a vehicle system
entering into the section of the route being controlled by a
remote operator, the vehicle system may begin being con-
trolled by that remote operator. Prior to the vehicle system
entering into this section of the route and after the vehicle
system leaves this section of the route, the vehicle system
may be controlled by other remote operators. The remote
operator in charge of controlling the vehicle systems along
the section of the route may concurrently or simultaneously
control movements of the vehicle systems while those
vehicle systems are on the section of the route.

[0059] FIG. 5 illustrates another example of information
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device.
The information shown in FIG. 5 is an updated version of the
information shown in FIG. 4. For example, as the vehicle
systems move along the route 410, the CRM unit can update
and display actual locations of the vehicle systems along the
route as completed movement lines 508 (e.g., movement
lines 508A-C).

[0060] Differences 520, 522 between the planned or
scheduled movement lines 408 and the actual movement
lines 508 can indicate vehicle systems moving ahead of or
behind schedule. For example, the difference 520 can indi-
cate that the vehicle system 106 A is moving behind schedule
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along the route 410 and the difference 522 can indicate that
the vehicle system 106C is moving along the route 410 even
farther behind schedule. This changing information can
provide rapidly discernable updates on locations of the
vehicle systems to the remote operator who is controlling
movements of the vehicle systems. The operator may change
how the vehicle systems are controlled based on the infor-
mation shown by the output device, such as by increasing
the speed set points of the vehicle systems 106A, 106C
and/or extending the period of time 416 that the vehicle
system 106C remains on the siding 406C.

[0061] FIG. 6 illustrates another example of information
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device.
The information shown in FIG. 6 is an updated version of the
information shown in FIG. 5. For example, as weather
conditions change, graphical weather indicators 600 may be
overlaid or otherwise shown on the output device 212, 312.
In the illustrated embodiment, the weather indicators 600
can represent when and where precipitation (e.g., rain, ice,
and/or snow) is predicted by occur, such as by information
provided from meteorologists or from other sources. The
location of the weather indicators 600 can visually inform
the remote operator of when and where weather conditions
may impact movement of the vehicle systems. In response
to seeing the weather indicators, the operator can change
how one or more of the vehicle systems are controlled, such
as by slowing movement of the vehicle systems, increasing
braking distances of the vehicle systems, etc.

[0062] FIG. 7 illustrates another example of information
presented to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device.
The information shown in FIG. 7 represents at least some of
the monitoring information obtained by the alerter system of
one or more of the remote and/or vehicle control systems
and presented to one or more operators via the output device
to allow the operators off-board (and, optionally, onboard)
the vehicle systems to monitor operations of the vehicle
systems and alertness of the onboard operators of the vehicle
systems.

[0063] An operational setting chart 700 presents settings
of the vehicle system at different times. This chart 700 can
illustrate, for example, a setting 710 of the braking system
of the vehicle system (e.g., the position of an air brake
handle), a pressure 712 of air in the braking system of the
vehicle system, a position 714 of an individual brake of a
vehicle in the vehicle system, and/or other information. The
information shown in the chart 700 can be obtained by
and/or provided from the controller and/or the CRM unit of
the vehicle control system and communicated to the CRM
unit of the remote control system via the communication
devices 210, 310.

[0064] An operational input chart 702 presents the
onboard operator-controlled settings of the vehicle system at
different times. This chart 702 can illustrate, for example, a
designated throttle setting or position 716 (e.g., as deter-
mined or dictated by the remote control system and com-
municated to the vehicle control system), an actual throttle
setting or position 718 (e.g., the throttle position actually
used by the onboard operator), a horn indicator 720 (e.g.,
representing if and/or when the horn or other alarm system
of the vehicle system is activated), a bell indicator 722 (e.g.,
representing if and/or when another bell or other alarm
system of the vehicle system is activated), and/or an alerter
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indicator 722 (e.g., represent if and/or when the alerter
system onboard the vehicle system detects that the onboard
operator is not alert). Alternatively or additionally, other
information may be presented. This chart 702 can be exam-
ined to determine whether the onboard operator is control-
ling or attempting to control the vehicle system according to
the designated operational settings provided by the remote
control system.

[0065] A speed chart 704 presents designated moving
speeds 726 of the vehicle system (e.g., as determined by the
remote control system), speed limits 728 of the route, and
actual moving speeds 730 of the vehicle system at different
times and/or locations along the route. This chart 704 can be
examined by the remote operator to determine if and/or
when the vehicle system is violating any speed limits and/or
if the vehicle system can move at a faster speed.

[0066] An elevation chart 706 presents elevations or
grades of the route being traveled by the vehicle systems at
different or locations along the route. An operator fatigue
chart 708 presents information related to the alertness of the
onboard operator. The data used to generate the chart 708
may be obtained by the alerter system and/or vehicle control
system. If the chart 708 indicates the alertness of the
onboard operator of a vehicle system, then the alerter system
onboard the vehicle system can obtain the data used to
generate the chart from the sensor array also onboard the
vehicle system, and communicate this information to the
CRM unit in the remote control system. If the chart 708
indicates the alertness of the off-board operator of the remote
control system, then the alerter system of the remote control
system can obtain the data used to generate the chart from
the sensor array of the remote control system, and commu-
nicate this information to the CRM unit onboard one or more
vehicle systems and/or in another remote control system.
The operators can monitor the information shown in the
chart 708 to determine if the remotely located operator (e.g.,
onboard a vehicle system or at a remote control system) is
alert. Examples of the information that can be presented in
the chart 708 include percentages of responses obtained
from the operator when queried to provide a response by the
alerter system, a number of times the glances of the operator
changes (e.g., as determined by examining images or video
of the operator), or other information.

[0067] The data from multiple different charts can be
examined and compared to determine if the operator is alert.
For example, the charts may have a common (e.g., the same)
horizontal axis so that simultaneous events appear at the
same locations along the horizontal axes of the charts. As
one example, if an operator at a remote control system is
monitoring the alertness of an operator onboard a vehicle
system, the off-board operator can determine if the fatigue
chart 708 indicates that the operator is not alert at the same
times as or prior to times when the throttle settings change
in the chart 702, and/or if the throttle is being changed later
than the designated changes in throttle. If the onboard
operator is slow to change the throttle and/or brake settings,
is violating speed limits, and/or the alerter system is pro-
viding data indicating that the operator is not alert, then the
remote control system can generate one or more alarms (e.g,,
onboard the vehicle system via the output device) to awaken
the operator or to cause the operator to become more alert,
can automatically slow or stop movement of the vehicle



US 2017/0308080 A1

system, can send signals to another vehicle system to
approach and/or check on the operator that appears to not be
alert, etc.

[0068] Distributing at least part of the control system of
vehicle systems to an off-board location can allow for a
remotely located operator to assist in controlling the move-
ments of several separate vehicle systems. This operator
may be able to more easily switch between controlling
and/or assisting in the control of multiple vehicle systems
than onboard operators, which can allow for the off-board
operator to concurrently or simultaneously assist in control-
ling and/or control multiple vehicle systems. The off-board
operator may be replaced by another off-board operator
when a contractual or other work shift of the off-board
operator ends, which can allow for the vehicle systems to
continue moving while not losing the assistance of the
off-board operator. Otherwise, the vehicle systems may have
to stop for a crew change to allow for the operators having
work shifts that are ending to be removed from the vehicle
systems and replaced by other operators. Additionally, the
off-board operator may be more highly trained, have more
specialized training, and/or be more experienced than opera-
tors onboard the vehicle system, and this greater experience,
higher training, and/or specialized training can allow for the
operator to work at the remote control system such that the
experience and/or training of the operator is used to control
and/or assist in controlling the movement of several different
vehicle systems.

[0069] In one embodiment, multiple operators at the same
and/or different remote control systems can assist in con-
trolling and/or control operations of the same vehicle sys-
tem. For example, a first off-board operator may control the
operational settings of a first propulsion-generating vehicle
in the vehicle system while a second off-board operator (at
the same or different remote control system) may control the
operational settings of a second propulsion-generating
vehicle in the same vehicle system. Alternatively, the off-
board operators may control different settings of the same
vehicle, such as one off-board operator controlling speed,
another off-board operator monitoring the alertness of an
onboard operator, another off-board operator monitoring
brake pressures, etc., of the same vehicle.

[0070] The number and/or responsibilities of the off-board
operators monitoring and/or controlling a vehicle system can
change based on an operational state of the vehicle system,
such as when one or more circumstances or scenarios occur.
For example, responsive to determining that the vehicle
system is entering a more densely populated area (e.g., an
urban area) than a previous area, the number of remote
operators controlling and/or assisting in controlling the
vehicle system may increase. Conversely, responsive to
determining that the vehicle system is entering a less densely
populated area than a previous area, the number of remote
operators controlling and/or assisting in controlling the
vehicle system may decrease. As another example, respon-
sive to determining that cargo carried by the vehicle system
hazardous and/or has a higher priority than other vehicle
systems (e.g., a shipping arrangement for the cargo has a
higher value than other shipping arrangements), the number
of remote operators controlling and/or assisting in control-
ling the vehicle system may increase. As another example,
responsive to determining that the vehicle system is travel-
ing in an area having increased traffic of other vehicle
systems, that one or more components of the vehicle system
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have failed or are likely to fail, and/or that one or more
onboard operators are no longer alert, the number of off-
board operators controlling and/or assisting in controlling
the vehicle system may increase.

[0071] The controller of the remote control system may
determine when one or more of these scenarios occur based
on data obtained from the vehicle system. For example, the
vehicle system may include one or more location determin-
ing devices, such as a global positioning system receiver, a
radio frequency identification tag reader, a dead reckoning
system, or the like, that can report back locations of the
vehicle system to the remote control system. The remote
control system may have access to the trip manifest of the
vehicle system to determine the cargo being carried by the
vehicle system. The sensor array can provide data represen-
tative of the onboard operator alertness and/or the opera-
tional health of components of the vehicle system. Based on
this and/or other data, the remote control system can deter-
mine when to increase and/or decrease the number of
off-board operators to assign to controlling operations of the
same vehicle system. In one aspect, the off-board operators
may be located at different remote control systems or
terminals, and the controller of a remote control system may
connect or disconnect the communication device of addi-
tional remote control systems with each other and/or the
vehicle system to change the number of off-board operators
assisting with control of the same vehicle system.

[0072] FIGS. 8 through 12 illustrate additional examples
of GUIs 800,900, 1000, 1100, 1200 presented to an operator
of the remote and/or vehicle control system shown in FIG.
1 of the corresponding remote and/or vehicle control system.
The GUI 800 shown in FIGS. 8 through 12 can be presented
on the output device 212, 312, such as a display, to the
operator. This GUI shows a horizontal, linear map of a route
410 being traveled by several vehicle systems 106 (e.g.,
vehicle systems 106D-F), along with locations of stops and
other relevant waypoints along the route 410, locations of
the vehicle systems 106, and directions of travel of the
vehicle systems 106.

[0073] A network status representation or map 802 is
presented to the operator to indicate the current and future
states of the vehicle systems 106, as estimated or predicted
by the controller 302 of the remote control system based on
current states of the vehicle systems 106. The status repre-
sentation 802 is shown alongside a horizontal axis 804
representative of different locations along a selected route
being traveled by different vehicle systems 106 and along-
side a vertical axis 806 representative of time. Several
movement lines 408 (e.g., movement lines 408D-F) repre-
sent estimated, scheduled, or predicted movements of sev-
eral vehicle systems 106 (e.g., the vehicle systems 106D-F),
similar to as described above. In the illustrated example, the
arrow heads on the ends of the movement lines 408 and/or
the slope of the movement lines 408 indicate that the vehicle
systems 106D, 106E are moving along the route 410 in a
left-to-right direction in the perspective of FIGS. 8 through
12 (e.g., a negative slope) and that the vehicle system 106F
is moving along the route 410 in an opposite direction (e.g,,
as indicated by the positive slope). The intersection of the
movement lines 408 with different time (e.g., vertical axis
804) and distance (e.g., horizontal axis 806) coordinates
indicate where the vehicle systems 106 will be located at
different times.
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[0074] For example, the movement line 408D can repre-
sent the movement of a fourth vehicle system 106D along
the route 410, the movement line 408F can represent the
movement of a fifth vehicle system 106E along the route
410, and the movement line 408F can represent the move-
ment of a sixth vehicle system 106F along the route 410 (in
a direction that is opposite that of the direction of movement
of the vehicle systems 106D, 106E). The movement line
408D includes a vertical or predominately vertical (e.g.,
more vertical than horizontal) portion 802. This portion 802
indicates that movement of the vehicle system 106D is
paused or at least slowed for a time period over which the
portion 802 extends (e.g., along the vertical axis 804). The
vehicle system 106D may, for example, pull off of the route
410 onto a siding route or other route for this time period at
the location of the portion 802 along the route 410 to allow
the vehicle system 106F to pass the vehicle system 106D
along the route 410.

[0075] The movement line 408E also includes a vertical or
predominately vertical portion §08. This portion 808 indi-
cates that movement of the vehicle system 106F is paused or
at least slowed for a time period over which the portion 808
extends. The vehicle system 106F may, for example, pull off
of the route 410 onto a siding route or other route for this
time period at the location of the portion 808 along the route
410 to allow the vehicle system 106F to pass the vehicle
system 106F along the route 410.

[0076] Passage of the vehicle system 106F by the vehicle
systems 106D, 106F as the vehicle systems 106D, 106E are
stopped or slowed is shown in the GUI 800 by the movement
line 408F of the vehicle system 106F intersecting or crossing
over the movement lines 408D, 408E of the vehicle systems
106D, 106E.

[0077] The remote operator may be assigned with con-
trolling movement of the vehicle systems traveling along a
designated section of the route 410, such as the portion of the
route 410 shown in FIGS. 8 through 12. Responsive to a
vehicle system entering into the section of the route being
controlled by a remote operator, the vehicle system may
begin being controlled by that remote operator. Prior to the
vehicle system entering into this section of the route and
after the vehicle system leaves this section of the route, the
vehicle system may be controlled by other remote operators.
The remote operator in charge of controlling the vehicle
systems along the section of the route may concurrently or
simultaneously control movements of the vehicle systems
while those vehicle systems are on the section of the route.

[0078] FIG. 9 illustrates another example of a GUI 900
shown to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device.
The GUI 900 represents the current statuses (e.g., relative
locations, speeds, etc.) of the vehicle systems 106D-F at a
time subsequent to the time represented by the GUI 800
shown in FIG. 8. For example, as the vehicle systems 106
move along the route 410, the CRM unit can update and
display actual locations of the vehicle systems 106 along the
route as completed movement lines 508 (e.g., movement
lines 508D-F). The completed movement lines 508 represent
portions of the scheduled movement lines 408D-F that the
vehicle systems 106 have completed travel over. The com-
pleted movement lines 508 may be shown in a different
manner than the scheduled movement lines 408, as shown in
FIG. 9.
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[0079] In the illustrated example, the vehicle system 106F
has discovered and/or reported a faulty signal along the
route 410 at a fault location 902. This (and/or other faults or
factors) may result in the vehicle system 106F traveling
behind schedule. The movement of the vehicle system 106F
behind schedule is represented by a difference 922 between
the scheduled movement line 408F and the completed
movement line 508F of the vehicle system 106F, as shown
in the GUI 900. The operator of the control system 200 or
remote control system 108 may view the GUI 900 to
determine the location 902 of the faulty signal (e.g., for
re-routing or changing the schedules of one or more other
vehicle systems 106 based thereon) and/or that the vehicle
system 106F is moving behind schedule.

[0080] FIG. 10 illustrates another example of a GUI 1000
shown to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device.
The operator of the remote control system 108 may generate
a notification 1002 that informs one or more of the vehicle
systems 106 of a change or deviation from scheduled
movements of the vehicle systems 106. In the illustrated
example, the remote control system 108 generates a signal
that is wirelessly communicated (and/or communicated via
one or more wired connections) to the vehicle system 106D
to provide the notification 1002 to the vehicle system 106D.
This notification 1002 can direct the vehicle system 106D to
change speeds, such as by slowing down (in this example),
speeding up, or otherwise deviating from the scheduled
movement line 408D for the vehicle system 106D. In
response to receiving the notification 1002, the controller
202 of the vehicle system 106D may direct the propulsion
system 206 to reduce tractive effort or propulsive force
generated by the propulsion system 206 and/or may direct
the braking system 208 to increase braking effort generated
by the braking system 208.

[0081] FIG. 11 illustrates another example of a GUI 1100
shown to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device.
The GUI 1100 includes an icon 1102 that represents the
location 902 of the faulty signal described above. The GUI
1100 also includes an additional scheduled movement line
408G and a completed movement line 508G for an addi-
tional vehicle system 106G. As shown in FIG. 11, the
completed movement lines 508D, 508E for the vehicle
systems 106D, 106E deviate from the scheduled movement
lines 408D, 408E. This can inform the operator that the
vehicle systems 106D, 106E are traveling behind schedule.
With respect to the vehicle system 106D, the operator may
remotely control the vehicle system 106D to speed up to
catch up to the scheduled movement line 408D. For
example, while the vehicle system 106D slowed down
relative to the speeds dictated by the scheduled movement
line 408D, the vehicle system 106D may have been sped up
by the remotely located operator so that the vehicle system
106D returns to traveling according to the movement line
408D, as shown in FIG. 11.

[0082] FIG. 12 illustrates another example of a GUI 1200
shown to an operator of the remote and/or vehicle control
system shown in FIG. 1 by the corresponding output device.
The GUI 1200 includes the graphical weather indicators 600
that are overlaid or otherwise shown on the output device
212, 312, as described above. The weather indicators 600
can represent when and where precipitation (e.g., rain, ice,
and/or snow) is predicted by occur, such as by information
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provided from meteorologists or from other sources. The
location of the weather indicators 600 can visually inform
the remote operator of when and where weather conditions
may impact movement of the vehicle systems. In response
to seeing the weather indicators, the operator can change
how one or more of the vehicle systems are controlled, such
as by slowing movement of the vehicle systems, increasing
braking distances of the vehicle systems, etc.

[0083] FIGS. 13A-13B illustrate another example of a
GUI 1300 shown to an operator of the remote and/or vehicle
control system shown in FIG. 1 by the corresponding output
device. Referring to FIG. 13A, the GUI 1300 may be
presented to the operator concurrently or simultaneously
with presentation of one or more other GUIs described
herein (e.g., on different portions of the same output device
312, on different output devices 312, etc.). The GUI 1300
provides a visual representation of a case manager that
allows the operator to select different vehicle systems 106 to
control based on other information presented on the GUIs
described herein. The GUI 1300 presents a map 1302 that
indicates a current location of a vehicle system 106. The map
1302 includes icons indicative of scheduled and/or unsched-
uled events 1304 that the vehicle system 106 has encoun-
tered. For example, the icons shown in FIG. 13 indicate that
the vehicle system 106 arrived early at a meet-and-pass
event 1304A, that an equipment failure event 1304B was
discovered, that the vehicle system 106 performed an
unscheduled stop event 1304C, and so on.

[0084] Referring to FIG. 13B, the GUI 1300 can serve as
a case manager to allow a remote operator (represented by
an operator display portion 1306) to select different vehicle
systems to be remotely controlled by the remote operator.
Icons indicative of scheduled events 1308 of the vehicle
system 106 that is selected by the operator are displayed to
the remote operator. In the illustrated example, the operator
can view these icons to determine which actions that the
operator is to achieve by remotely controlling movement of
the vehicle system 106 (e.g., start a trip at a scheduled time,
reach a signal at a diverging route, proceed from a siding
section of route, and end the trip at a scheduled time). The
operator can use these icons as a sort of checklist to ensure
that the scheduled actions of the vehicle system 106 are
completed.

[0085] FIG. 14 illustrates a flowchart of one embodiment
of a method 1400 for distributed vehicle system control. The
method 1400 may be performed by one or more embodi-
ments of the system 100 shown in FIG. 1. For example, the
method 1400 can represent operations performed by one or
more of the components of the vehicle control system and/or
the remote control system (such as the controllers, the alerter
systems, the CRM units, etc.), as described above. In one
embodiment, the method 1400 may represent or be used to
create a software program for directing the operations of the
vehicle control system and/or the remote control system.

[0086] At 1402, information about one or more vehicle
systems that are to be remotely controlled is obtained. This
information can include make up information, which indi-
cates or represents the vehicles in the vehicle systems (e.g.,
by model number, road number, horsepower capability,
braking capability, etc.), the cargo carried by the vehicle
systems, the scheduled routes to be taken by the vehicle
systems, the schedules of the vehicle systems, etc. This
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information may be received from a variety of sources, such
as a dispatch or scheduling facility, the vehicle systems
themselves, or the like.

[0087] At 1404, a remote operator is communicatively
coupled with at least one vehicle system. For example, the
remote control system can communicate one or more signals
with the vehicle control system of the vehicle system via a
communication network that includes and/or is formed from
the communication devices 110 (shown in FIG. 1). The
assignment of which remote operator is to be communica-
tively coupled with the vehicle systems may be made based
at least in part on the information received at 1402. Different
off-board or remote operators may be associated with dif-
ferent geographic areas. For example, the vehicle systems
traveling through a geographic area associated with a remote
operator may be assigned to, communicatively coupled with,
and remotely controlled by that remote operator during
travel through that geographic area. But, the vehicle systems
may be assigned to another, different remote operator
responsive to exiting that geographic area or entering into
another geographic area associated with the other, different
remote operator. This can allow for different operators to
become familiar with or have increased expertise with
controlling movement of a vehicle system through different
areas (relative to other operators), and assigning those
operators to control the vehicle systems traveling in the
areas associated with the operators.

[0088] At 1406, operations of the vehicle system and/or
operator alertness are monitored. The operations of the
vehicle system that are monitored can include throttle posi-
tions, brake settings, speeds, accelerations, etc. The operator
alertness can be monitored by measuring physiological
conditions of an onboard operator, such as respiration rate,
heart rate, movements, glances, etc. In one aspect, 1406 can
include receiving information from one or more operational
systems and/or off-board systems. For example, the opera-
tions of the vehicle system may be monitored by receiving
information about the vehicles and/or cargo included in the
vehicle system.

[0089] At 1408, a determination is made as to whether
operations of the vehicle system are to be changed. This
determination may be made based on the vehicle system
operations and/or the operator alertness that are monitored.
For example, if the vehicle system is moving faster or slower
than a designated speed, is operating with a different throttle
and/or brake setting than designated by the remote control
system, or is otherwise deviating from a designated opera-
tion, the remote control system may determine to change the
operation of the vehicle system to return the vehicle system
to moving according to the designated operation. As another
example, if the onboard operator is no longer alert, then the
remote control system may decide to activate an alarm to
contact the onboard operator, to change movement of the
vehicle system, or otherwise modify how the vehicle system
is operating. If operation of the vehicle system is to be
changed, then flow of the method 1400 can proceed toward
1410. Otherwise, flow of the method 1400 can proceed
toward 1412.

[0090] At 1410, the change in operation in the vehicle
system is communicated from the remote control system to
the vehicle control system. This change in operation may be
communicated as a designated set point or other instruction
that is communicated via the communication devices 110 to
the vehicle control system. At 1412, a determination is made
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as to whether the operator ratio or assignment of the vehicle
system is to be changed. The operator ratio represents the
number of off-board operators controlling operations of the
vehicle system. For example, an operator ratio may be
calculated as the number of off-board or remote operators to
the number of onboard operators controlling movement of
the vehicle system, the number of off-board or remote
operators to the total number of off-board and onboard
operators controlling movement of the vehicle system, or
another number. The operator ratio can be changed respon-
sive to a change in operational circumstances or scenarios.
For example, responsive to determining that the vehicle
system is entering a more densely populated area than a
previous area, the number of remote operators controlling
and/or assisting in controlling the vehicle system may
increase. Responsive to determining that cargo carried by
the vehicle system hazardous and/or has a higher priority
than other vehicle systems, the number of remote operators
controlling and/or assisting in controlling the vehicle system
may increase. As another example, responsive to determin-
ing that the vehicle system is traveling in an area having
increased traffic of other vehicle systems, that one or more
components of the vehicle system have failed or are likely
to fail, and/or that one or more onboard operators are no
longer alert, the number of off-board operators controlling
and/or assisting in controlling the vehicle system may
increase. This may be done automatically by the remote
and/or vehicle control system or manually by a supervisor or
consensus of the remote operators.

[0091] In addition or as an alternate to changing the
operator ratio, the operator assignment may be modified.
The operator assignment is the indication of which vehicle
system is being at least partially monitored and/or controlled
by a remote operator. A remote operator can be assigned to
several vehicle systems, as described above. The assignment
of a remote operator to a vehicle system can be determined
by the remote control system, such as by determining which
vehicle systems are traveling in (and/or are scheduled to
travel into or through) a geographic area (e.g., geo-fence)
associated with a remote operator (and then assigning those
vehicle systems to the remote operator). As another
example, the assignment of a remote operator can be deter-
mined based on which skills are needed to remotely control
a vehicle system. Some vehicle systems may be carrying
hazardous cargo, may be traveling through difficult terrain
(e.g., a series of curves, urban areas, etc.), may be more
difficult to control relative to other vehicle systems (e.g., due
to the number of propulsion-generating vehicles, the weight
of the cargo and/or vehicles, the age of the vehicles, etc.),
may have systems or controls that require specialized train-
ing, or otherwise may require a set of skills that not all
operators have. As another example, the assignment of a
remote operator can be determined based on a work history
of the operator. An operator that has remotely monitored
and/or controlled a particular vehicle system or a particular
type of vehicle (e.g., based on model number, age, etc., of
the propulsion-generating vehicles in the vehicle system)
more than another operator may be assigned to remotely
control that same vehicle system or type of vehicle system
instead of the other operator. As another example, the
assignment of a remote operator can be determined based on
a current working shift of the operator. For example, if a
remote operator is nearing the end of a contractually agreed
upon or assigned work shift, another remote operator that
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has more available time during his or her work shift may be
assigned to a vehicle system to avoid exceeding the work
shift.

[0092] If the operator ratio or assignment is to change,
then flow of the method 1400 may proceed toward 1414.
Otherwise, flow of the method 1400 can return toward 1406.
The method 1400 may proceed in a loop-wise manner until
terminated, until completion of a trip of the vehicle system,
and/or until a vehicle system being remotely controlled
leaves the section of the route being controlled by the remote
control system.

[0093] At 1414, an allocation or assignment of remote
operators controlling the same vehicle system is changed.
For example, if the determination at 1412 reveals that more
remote operators are needed to remotely control movement
of a vehicle system, then one or more additional remote
operators begin remotely controlling movement of the
vehicle system. Conversely, if the determination at 1412
reveals that fewer remote operators are needed to remotely
control movement of a vehicle system, then one or more
remote operators currently controlling movement of the
vehicle system are assigned to other tasks that do not include
remotely controlling movement of the vehicle system.

[0094] In one embodiment, a distributed control system
includes a remote control system configured to be commu-
nicatively coupled with plural separate vehicle systems. The
remote control system is configured to remotely control
operation of the vehicle systems and/or communicate with
the local vehicle control system or operator. The remote
control system also is configured to one or more of change
how many of the vehicle systems are concurrently controlled
by the remote control system or change how many remote
operators of the remote control system concurrently control
the same vehicle system of the vehicle systems.

[0095] In one example, the remote control system is
configured to control the operation of the vehicle systems
without any operator disposed onboard the vehicle systems
during movement of the vehicle systems.

[0096] In one example, the remote control system is
configured to control the operation of the vehicle systems by
designating operations of the vehicle systems and commu-
nicating instructions to onboard operators of the vehicle
systems to implement the designated operations. The des-
ignated operations include one or more of designated throttle
positions, designated brake settings, or designated speeds.

[0097] Optionally, the remote control system is configured
to remotely control the movements of the vehicle systems by
providing operating parameters and limits on the movements
of the vehicle systems. The operating parameters can include
one or more of designated speeds, designated throttle set-
tings, or designated brake settings. The limits can include
one or more of designated upper limits on speeds, designated
upper limits on throttle settings, designated lower limits on
speeds, or designated lower limits on throttle settings.

[0098] In one example, the remote control system is
configured to change a number of vehicle systems the
remote operator concurrently controls based on an operating
state of the vehicle systems being concurrently controlled or
based on operator input.

[0099] In one example, the operating state includes the
vehicle system entering into or approaching a particular
geographic region of interest.
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[0100] In one example, the operating state includes the
vehicle system transporting hazardous cargo ot has another
high-risk attribute.

[0101] In one example, the remote control system is
configured to remotely control the operation of the vehicle
systems via one or more wireless networks.

[0102] In one example, the remote control system is
configured to remotely control the operation of the vehicle
systems by designating operational set points that vehicle
control systems disposed onboard the vehicle systems are to
one or more of maintain or use as upper limits on operations
of the vehicle systems.

[0103] Inoneexample, the remote control system includes
an alerter system configured to obtain sensor data from one
or more sensor arrays that monitor one or more of physi-
ological conditions of one or more onboard operators or
off-board operators of the vehicle systems or movements of
the one or more onboard operators or off-hoard operators.
The alerter system is configured to determine whether the
one or more onboard operators or off-board operators are
controlling the operation of the vehicle system based on the
sensor data.

[0104] In one example, the sensor data includes one or
more of images or video of the one or more onboard
operators or off-board operators.

[0105] In one example, the sensor data includes one or
more of pulse rates, respiration rates, blood pressures, or
movements of the one or more onboard operators or off-
board operators.

[0106] In one example, the sensor data includes one or
more of electroencephalogram (EEG) data, electrocardio-
gram (ECG) data, or other contact/wearable measurements
of the one or more onboard operators or off-board operators.
[0107] Inone example, the alerter system is configured to
obtain the sensor data from the one or more sensor arrays
that monitor the one or more physiological conditions of one
or more onboard operators. The alerter system can be
configured to communicate the sensor data to one or more
off-board operators at the remote control system.

[0108] In one example, the alerter system is configured to
obtain the sensor data from the one or more sensor arrays
that monitor the one or more physiological conditions of one
or more off-board operators. The alerter system can be
configured to communicate the sensor data to one or more
onboard operators at the remote control system.

[0109] In one example, the alerter system is configured to
examine the sensor data and expected operator behavior
representative of operator awareness in a vehicle context.
[0110] In one example, the remote control system is con-
figured to receive make up information of at least one of the
vehicle systems from a dispatch facility and to be assigned
to remotely control the at least one of the vehicle systems
based on the make up information. In one embodiment, a
method includes communicatively coupling a remote con-
trol system with plural separate vehicle systems, generating
control inputs from the remote control system to remotely
control operation of the vehicle systems, and one or more of
changing how many of the vehicle systems are concurrently
controlled by the remote control system or changing how
many remote operators of the remote control system con-
currently control the same vehicle system of the vehicle
systems.

[0111] In one example, the method also includes remotely
controlling the operation of the vehicle systems by commu-
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nicating the control inputs to the vehicle systems without
any operator disposed onboard the vehicle systems during
movement of the vehicle systems.

[0112] Inone example, the control inputs designate opera-
tions of the vehicle systems. The method also can include
communicating the control inputs to onboard operators of
the vehicle systems to implement the designated operations.
The designated operations can include one or more of
designated throttle positions, designated brake settings, or
designated speeds.

[0113] Inone example, the method also includes changing
a number of the remote operators that concurrently control
the same vehicle system of the vehicle systems based on an
operating state of the vehicle system being concurrently
controlled.

[0114] In one example, the operating state includes the
vehicle system entering into or approaching a densely popu-
lated area.

[0115] In one example, the operating state includes the
vehicle system transporting hazardous cargo.

[0116] In one example, the method also includes commu-
nicating the control inputs from the remote control system to
the vehicle systems via one or more satellites.

[0117] In one example, the control inputs include desig-
nated operational set points that vehicle control systems
disposed onboard the vehicle systems are to one or more of
maintain or use as upper limits on operations of the vehicle
systems.

[0118] In one example, the method also includes monitor-
ing one or more of physiological conditions of onboard
operators of the vehicle systems or movements of the
onboard operators, and determining whether one or more of
the onboard operators are controlling the operation of the
vehicle system based on the sensor data.

[0119] In one example, the sensor data includes one or
more of images or video of the onboard operators.

[0120] 1In one example, the sensor data includes one or
more of pulse rates, respiration rates, blood pressures, or
movements of the onboard operators.

[0121] In one embodiment, a distributed control system
includes a vehicle control system configured to be disposed
onboard a vehicle system formed from one or more vehicles.
The vehicle control system is configured to control move-
ment of the vehicle system. The distributed control system
also includes a remote control system configured to be
communicatively coupled with the vehicle control system.
The remote control system is configured to communicate
control inputs from one or more off-board operators of the
remote control system to the vehicle system in order to
remotely control the movement of the vehicle system. The
remote control system is configured to change how many of
the off-board operators concurrently generate the control
inputs for communication from the remote control system to
the vehicle control system for remote control of the vehicle
system.

[0122] In one embodiment, a vehicle control system
includes a controller configured to be disposed onboard a
vehicle system and to be communicatively coupled with one
or more of a propulsion system or a braking system of the
vehicle system. The controller is configured to receive
operational set points designated by an operator located
onboard the vehicle system and to determine operational
settings of the one or more of the propulsion system or the
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braking system that drives the vehicle system to move
according to the operational set points designated by the
operator.
[0123] In one example, the operational set points include
designated speeds.
[0124] In one example, the operational settings include
throttle positions.
[0125] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore,
references to “one embodiment” of the presently described
subject matter are not intended to be interpreted as excluding
the existence of additional embodiments that also incorpo-
rate the recited features. Moreover, unless explicitly stated to
the contrary, embodiments “comprising” or “having” an
element or a plurality of elements having a particular
property may include additional such elements not having
that property.
[0126] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the subject matter set
forth herein without departing from its scope. While the
dimensions and types of materials described herein are
intended to define the parameters of the disclosed subject
matter, they are by no means limiting and are exemplary
embodiments. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above descrip-
tion. The scope of the subject matter described herein
should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to
which such claims are entitled. In the appended claims, the
terms “including” and “in which” are used as the plain-
English equivalents of the respective terms “comprising”
and “wherein.” Moreover, in the following claims, the terms
“first,” “second,” and “third,” etc. are used merely as labels,
and are not intended to impose numerical requirements on
their objects. Further, the limitations of the following claims
are not written in means-plus-function format and are not
intended to be interpreted based on 35 U.S.C. §112(f), unless
and until such claim limitations expressly use the phrase
“means for” followed by a statement of function void of
further structure.
[0127] This written description uses examples to disclose
several embodiments of the subject matter set forth herein,
including the best mode, and also to enable a person of
ordinary skill in the art to practice the embodiments of
disclosed subject matter, including making and using the
devices or systems and performing the methods. The pat-
entable scope of the subject matter described herein is
defined by the claims, and may include other examples that
occur to those of ordinary skill in the art. Such other
examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the
literal languages of the claims.

What is claimed is:

1. A distributed control system comprising:

a remote control system configured to be communica-

tively coupled with plural separate vehicle systems, the
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remote control system configured to remotely control
movements of the vehicle systems, the remote control
system also configured to one or more of change how
many of the vehicle systems are concurrently con-
trolled by the remote control system or change how
many remote operators of the remote control system
concurrently control a common vehicle system of the
vehicle systems.

2. The distributed control system of claim 1, wherein the
remote control system is configured to control the move-
ments of the vehicle systems without any operator disposed
onboard the vehicle systems during movement of the vehicle
systems.

3. The distributed control system of claim 1, wherein the
remote control system is configured to change a number of
vehicle systems the remote operator concurrently controls
based on an operating state of the vehicle systems being
concurrently controlled or based on operator input, wherein
the operating state includes one or more of:

the vehicle system entering into or approaching a particu-

lar geographic region of interest, or

the vehicle system transporting hazardous cargo.

4. The distributed control system of claim 1, wherein the
remote control system is configured to remotely control the
movements of the vehicle systems by providing operating
parameters and limits on the movements of the vehicle
systems.

5. The distributed control system of claim 4, wherein the
operating parameters include one or more of designated
speeds, designated throttle settings, or designated brake
settings.

6. The distributed control system of claim 4, wherein the
limits include one or more of designated upper limits on
speeds, designated upper limits on throttle settings, desig-
nated lower limits on speeds, or designated lower limits on
throttle settings.

7. The distributed control system of claim 1, further
comprising an alerter system configured to obtain sensor
data from one or more sensor arrays that monitor a physi-
ological condition of an onboard operator of at least one of
the vehicle systems, the alerter system configured to deter-
mine whether the onboard operator is controlling the move-
ment of the vehicle system based on the sensor data.

8. The distributed control system of claim 6, wherein the
sensor data includes one or more of:

images or video of the onboard operator,

a pulse rate, a respiration rate, a blood pressure, or a

movement of the onboard operator, or
electroencephalogram (EEG) data or electrocardiogram
(ECG) data of the onboard operator.

9. The distributed control system of claim 6, wherein the
alerter system is configured to communicate the sensor data
to one or more off-board operators located onboard the
vehicle systems.

10. A method comprising:

communicatively coupling a remote control system with

plural separate vehicle systems;

generating control inputs from the remote control system

to remotely control operation of the vehicle systems;
and

one or more of changing how many of the vehicle systems

are concurrently controlled by the remote control sys-
tem or changing how many remote operators of the
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remote control system concurrently control a common
vehicle system of the vehicle systems.

11. The method of claim 10, further comprising remotely
controlling the movements of the vehicle systems by com-
municating the control inputs to the vehicle systems without
any operator disposed onboard the vehicle systems during
the movements of the vehicle systems.

12. The method of claim 10, further comprising changing
a number of vehicle systems that a remote operator of the
remote operators concurrently controls based on an operat-
ing state of the vehicle systems being concurrently con-
trolled or based on operator input, wherein the operating
state includes one or more of:

the vehicle system entering into or approaching a particu-
lar geographic region of interest, or

the vehicle system transporting hazardous cargo.

13. The method of claim 10, wherein the control inputs
include designated upper limits on the movements of the
vehicle control systems.

14. The method of claim 10, further comprising:

monitoring a physiological condition of an off-board
operator of at least one of the vehicle systems; and

determining whether the off-board operator is controlling
the movement of the vehicle system based on the
physiological condition.

15. The method of claim 14, further comprising monitor-
ing sensor data provided by a sensor array disposed off-
board the vehicle systems, the sensor data representative of
the physiological condition, wherein the sensor data
includes one or more of:

images or video of the off-board operator,

a pulse rate, a respiration rate, a blood pressure, or a
movement of the off-board operator, or

electroencephalogram (EEG) data or electrocardiogram
(ECG) data of the off-board operator.

16. A remote control system comprising:

a communication device configured to wirelessly com-
municate with one or more vehicle systems during
movement of the one or more vehicle systems outside
of vehicle yards and while the communication device is
off-board the one or more vehicle systems, the com-
munication device configured to remotely control the
movement of the one or more vehicle systems by
wirelessly communicating a first control signal to the
one or more vehicle systems; and

a controller configured to generate the first control signal
based on manual input provided by a first remote
operator that is located off-board the one or more
vehicle systems and while the one or more vehicle
systems are outside of a visible range of the first remote
operator, wherein the first control signal that is gener-
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ated by the controller and communicated to the one or
more vehicle systems by the communication device
designates an upper speed limit on the movement of the
one or more vehicle systems while allowing the one or
more vehicle systems to move at one or more slower
speeds than the upper speed limit.

17. The remote control system of claim 16, wherein the
controller is configured to generate different first control
signals representative of different upper speed limits for
different locations along one or more routes being traveled
by the vehicle systems.

18. The remote control system of claim 16, wherein the
controller is configured to generate the first control signal to
direct an onboard operator of the at least one of the vehicle
systems to change a speed of the at least one of the vehicle
systems to match the upper speed limit while allowing the
onboard operator to determine how quickly to change the
speed of the at least one of the vehicle systems.

19. The remote control system of claim 16, further com-
prising an alerter system configured to monitor an alertness
of the remote operator and, responsive to determining that
the first remote operator is not currently alert, switch remote
control of the one or more vehicle systems to a different,
second remote operator.

20. The remote control system of claim 16, wherein the
communication device is configured to determine interfer-
ence with wireless communication with the one or more
vehicle systems via a communication link and, responsive to
determining the interference, switch remote control of the
movements of the one or more vehicle systems to another,
different remote control system.

21. The remote control system of claim 16, wherein the
controller is configured to switch remote control of the
movements of at least one of the vehicle systems to a
different, second remote operator responsive to the at least
one of the vehicle systems leaving a first designated geo-
graphic area associated with the first remote operator or
entering into a different, second designated geographic area
associated with the second remote operator.

22. The remote control system of claim 16, wherein the
controller is configured to generate and communicate one or
more different, second control signals based on input pro-
vided by one or more additional operators, the first and one
or more second control signals remotely concurrently con-
trolling the movement of a common vehicle system of the
one or more vehicle systems responsive to the common
vehicle system entering into a geographic area associated
with increased population density relative to a previous
geographic area in which the common vehicle system was
traveling.
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