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SYSTEMS AND METHODS FOR OPERATING A VEHICLE SYSTEM

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Application 63/055,593, filed 23 July 2020,

the entire content of which is incorporated herein by reference.
BACKGROUND
Technical Field.

[0002] Embodiments disclosed herein relate to methods and systems for operating a

vehicle system.
Discussion of Art.

[0003] Large vehicles and vehicle systems that include a plurality of vehicles may be
difficult to start and stop due to the size and/or number of vehicles in the vehicle system.
Vehicle systems may include one or more off-highway vehicles (e.g., rail vehicles, mining
vehicles, agricultural vehicles, or other vehicles that may be not designed or legally
permitted for travel on public roadways), marine vessels, automobiles, on-road trucks,
aircraft, or the like. Vehicle systems may also be formed from a single vehicle instead of
multiple vehicles. A rail vehicle system, for example a freight train, uses multiple
locomotives in the consist that may be distributed at various positions along the consist to
control the train forces, improve train handling, and reduce fuel consumption. These
locomotives can produce motoring/propulsion power at various levels depending on the
operator command to increase the speed of the train. Similarly, dynamic braking on each
of the locomotives can be used to slow the train or to prevent the speed from increasing or
to control the rate of change of speed. Some of the systems with dynamic braking have
limited or no capability at zero or close to zero speed. Non-powered vehicle air brakes (e.g.,
train brakes) utilizing the air brake system on each of the vehicles can be used to slow the

train.
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[0004] There are generally two types of airbrake systems in use, namely standard air brakes
and electronically controlled pneumatic (ECP) air brakes. In the former, control and
actuation are through the brake pipe airbrake pressure. In the ECP system the control is
communicated through electrical signals and recharge is through airbrake brake pipe
pressure. A bail off function is provided in the lead locomotive to decouple the non-
powered vehicle air brakes from the locomotive, or independent, brakes and to allow the

brakes to function on the railcars.

[0005] There are multiple limitations in applying and releasing airbrakes due to
communications and pressure recharging times. A control system can control motoring
power, dynamic brake power and consist/distributed power (DP). The air brake related
controls are done manually even if the controller provides guidance to an operator. At any
time there may be thousands of trains all of which can be configured uniquely. The
locomotives and cars are routinely interchanged based on the freight traffic needs and
destinations. In addition, cars and locomotives are picked up and set out on routes, unlike
unit (e.g., passenger) trains where the train configuration remains the same over long

periods of time.

[0006] Starting and stopping of a heavy vehicle system may be difficult due to, for
example, unknown slack states, different grades within the vehicle system, propagation
delay of the airbrakes, coupler limitations, and/or adhesion conditions. The difficulty of
stopping a heavy vehicle system also may be compounded due to the nature of stopping at
a particular location(s) or at a given slack state to facilitate restarting. It may be desirable

to have a system and method that differs from those that are currently available.
BRIEF DESCRIPTION

[0007] In accordance with one embodiment, a method includes commencing movement of
a vehicle system including a plurality of vehicles from a stationary state and controlling
brakes during the commencement of movement of the vehicle system from the stationary

state to control spacing between the plurality of vehicles of the vehicle system.
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[0008] In accordance with one embodiment, a method includes commencing movement of
a vehicle system including a plurality of vehicles from a stationary state and during the
commencement of the movement of the vehicle system, individually controlling groups of
propulsion-generating vehicles of the vehicle system to control spacing between the

plurality of vehicles of the vehicle system.

[0009] In accordance with one embodiment, a method includes controlling braking of a
vehicle system including a plurality of vehicles to stop the vehicle system at a system stop
location. The method further includes, during controlling braking to stop the vehicle
system, controlling movement of one or more of the vehicles to stop a portion of the one

or more vehicles at a designated stop location that is different from the system stop location.

[0010] In accordance with one embodiment, a method includes commencing movement of
a vehicle system including a plurality of vehicles from a stationary state and adjusting an
adhesion between one or more of the vehicles and a surface the vehicle system is moving

on to control spacing between the plurality of vehicles of the vehicle system.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The inventive subject is disclosed in the following description of non-limiting

embodiments, with reference to the attached drawings, wherein below:
[0012] FIG. 1 schematically illustrates a vehicle system according to one embodiment;
[0013] FIG. 2 schematically illustrates a vehicle system according to one embodiment;

[0014] FIG. 3 schematically illustrates regulation of a speed of a vehicle system according

to one embodiment;

[0015] FIG. 4 schematically illustrates a system configured to control a starting operation

of a vehicle system according to one embodiment;

[0016] FIG. 5 schematically illustrates a method of controlling a vehicle system according

to one embodiment;

[0017] FIG. 6 schematically illustrates a method of controlling a vehicle system according

to one embodiment;
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[0018] FIG. 7 schematically illustrates a system and method for controlling a vehicle

system according to one embodiment;

[0019] FIG. 8 schematically illustrates a system and method for controlling a vehicle

system according to one embodiment;

[0020] FIG. 9 schematically illustrates a system and method for stopping a vehicle system

according to one embodiment;

[0021] FIG. 10 schematically depicts a controller for controlling a lead vehicle of a vehicle

system according to one embodiment;

[0022] FIG. 11 schematically illustrates a method of controlling a vehicle system according

to one embodiment; and

[0023] FIG. 12 schematically illustrates a method of controlling a vehicle system according

to one embodiment.
DETAILED DESCRIPTION

[0024] Embodiments of the subject matter described herein relate to control systems and
methods for starting a vehicle system, including vehicle systems that include a plurality of
vehicles that are mechanically coupled together or that are not mechanically coupled with
each other but are virtually, logically or communicatively coupled together so that they
may travel together along one or more routes (e.g., as a convoy, consist, group, platoon or
swarm). The systems and methods allow for starting the vehicle system from a starting
state in which the vehicles are stopped. These vehicles may be bunched together, stretched
apart, or a combination with some bunched together while others are stretched apart. The
systems and methods also allow for control of forces on couplers, if present, that may
couple the vehicles together in a vehicle system that has the vehicles mechanically coupled

with each other.

[0025] The control systems and methods may allow the vehicle system to start while
located on differing terrain features. These terrain features may include flat, uphill,

downhill, curved, and/or undulating terrain features. In one embodiment, the vehicle
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system may be an aerial or marine vehicle such that “terrain feature” may include wind or
water currents, shallows, and the like. Of note is that while on a particular terrain feature,
e.g., a hill, orientation of the vehicle determines whether the vehicle is starting uphill,
downhill, or at some other angle relative to the grade. The systems and methods may
provide an operator of the vehicle system with information during the starting operation to
allow the operator to either end the starting operation or take over the starting operation if
any problems occur or if the starting operation will not be completed correctly. Stated
differently, the systems and methods can switch from automatic to manual control if any

problems occur or if the starting operation will not be completed correctly.

[0026] Embodiments of the subject matter described herein relate to systems and methods
for stopping a vehicle system. A suitable vehicle system may include a plurality of vehicles
that are mechanically coupled together in one embodiment, or that are not mechanically
coupled with each other but are virtually, logically or communicatively coupled together.
The systems and methods allow for the vehicle system to be stopped at a location and in a
state that sets up the vehicle system to be started again in a manner that reduces possible
damage to the vehicle system (relative to stopping the vehicle system in another state). The
systems and methods also allow for the vehicle system to be stopped so that the location
of the front of the vehicle system in relation to the end of the vehicle system is known and
that prevents the front of the vehicle system from going beyond a specified location and/or
the end of the vehicle system from extending into a route of another vehicle system. For
example, the control systems and methods can operate to stop a vehicle system with the
end or trailing vehicle passing through an exiting an intersection between routes so that the

vehicle system does not block the intersection.

[0027] Referring to Fig. 1, a vehicle system 200 according to one embodiment is shown as
a single vehicle. A suitable single vehicle may be a single automobile, rail vehicle, off-
highway vehicle, marine vessel, airplane, or the like. In other embodiments, the vehicle
may be part of a vehicle system and may include two or more vehicles. Suitable multiple
vehicle systems may include a rail vehicle consist, train, convoy of multiple automobiles

or on-road trucks, drones and swarms of autonomous and semi-autonomous vehicles, and
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the like (collectively a vehicle system or vehicle group). Vehicles may join or leave the
vehicle system. That is, vehicle groups may have static membership in one embodiment
but may have dynamic membership in other embodiments in which individual (or
subgroups of) vehicles may enter and/or leave the vehicle group. As noted above, in vehicle
system including multiple vehicles, the vehicles in the vehicle system may be mechanically
and/or communicatively coupled. Optionally, the vehicle system may have multiple
vehicles that are not mechanically coupled with each other, but that communicate with each
other or another system to coordinate movements of the vehicles for the vehicles to travel
together as a vehicle system. Communicatively coupled vehicles may be part of a mesh or
other network. A vehicle may communicate with other vehicles in the vehicle system,
wayside equipment, communication systems (e.g., cell towers or satellites), and back-
office systems. Vehicle to vehicle communication may be done directly, with or without a

hopper or booster, or indirectly through a communication system.

[0028] In one embodiment, a vehicle can include two or more wheels 202 connected with
axles 204. The axles and wheels may be rotated by a propulsion system 206. The propulsion
system can include one or more power sources 224 (e.g., an engine with a generators or
alternator, fuel cell, batteries, capacitors, flywheels, etc.), or the like. The power source
couples to a motor that can generate torque to rotate the axles and/or the wheels. The
propulsion system can include gears, gear boxes, shafts, or the like, that connect and
translate work performed by the propulsion system into rotation of the axles and/or the
wheels. Optionally, a power source for providing power to one or more motors of the
propulsion system may be provided outside of (e.g., not included in) the propulsion system.
External power sources may include, for example, a catenary line or third rail. In one
embodiment, the power source may power one or more additional components of the
vehicle. In one embodiment, the vehicle system includes a marine vehicle, and the
propulsion system may include one or more power sources and/or one or more motors that
can generate torque to rotate one or more propellers or one or more impellers. In one

embodiment the vehicle system includes an aircraft, and the propulsion system may include
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one or more power sources and/or one or more motors that can generate torque to rotate

one or more propellers or one or more fans.

[0029] The propulsion system may control the amount of torque applied to different
wheels, propellers, impellers, or fans. In one embodiment, the torque may be applied to the
wheels (or axles) independently of each other. For example, a controller 208 can generate
signals that cause the propulsion system to generate and apply more torque to one axle than
another axle at the same time. The propulsion system may include motors connected to
different axles in order to apply the different torques to the axles. The controller can
represent hardware circuitry that includes and/or is connected with one or more processors,

microcontrollers, or other electronic logic-based devices.

[0030] A movement detection system 236 may include one or more of the controllers, a
speed sensor 212, a radar system 220, an inertial measurement unit (IMU) 222, a sensor
214 (in the illustrated embodiment the sensor is a camera), a location determining device

218, a memory 226, and/or one or more propulsion systems of the vehicle.

[0031] A movement characteristic of the vehicle can be monitored by the movement
detection system. This movement characteristic can include rotational displacement of one
or more components of the vehicle, such as the rotational displacement of a wheel and/or
an axle and/or motor. The controller can determine whether and/or how far one or more
wheels rotate to determine whether the vehicle is moving (as described below). In one
embodiment, the speed sensor can output a displacement signal representative of how far
a wheel and/or an axle has rotated. The speed sensor can include a tachometer that
generates signals representative of how far the wheel or the axle has rotated. If the speed

sensor is connected to the motor the gear ratio may be considered.

[0032] Additionally, or alternatively, the movement characteristic of the vehicle that can
be monitored can include optical characteristics of images and/or video. The vehicle can
include a camera located onboard the vehicle. The camera can obtain images and/or video
during operation of the vehicle. As described below, these images and/or video can be

monitored for changes to determine if the vehicle has begun moving from a stationary state.
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[0033] The camera may be located inside the vehicle such that a field of view of the camera
includes part of the inside of the vehicle. For example, the camera may be located in and/or
have a field of view that includes at least part of an operator cab 216 of the vehicle. The
operator cab represents a space inside the vehicle where an operator is located to control
operations of the vehicle. The field of view of the camera may include a window or other
light transmissive portion of the vehicle such that the field of view includes one or more
areas outside of the vehicle. Optionally, the camera may be located on an exterior surface
of the vehicle. Other video and optical devices that may be suitable may use non-visible
radiation spectrums (e.g., UV and IR). Other suitable sensors may include other optical
systems, radar, lidar, microwaves, radio signals, and the like. In one embodiment, a time-
of-flight (TOF) system may be used as an alternative or an addition to other optical sensors

and cameras.

[0034] Additionally, or alternatively, the movement characteristic of the vehicle that is
monitored can include vehicle displacement. The vehicle displacement represents how far
the vehicle has moved. In one embodiment, the vehicle displacement may be unidirectional
vehicle displacement. Unidirectional refers to the distance that the vehicle has moved in a
single direction (e.g., and not in any other directions). For example, only displacement
along a single direction may be monitored, such as the direction along which the route 210

extends. In alternative embodiments, multi-axis movement and vectors may be used.

[0035] The vehicle can include the location determining device that generates location data
representative of where the vehicle is located, a speed of the vehicle, a heading of the
vehicle, or the like. The location determining device can include a global navigation
satellite system (GNSS) receiver, such as a global positioning system (GPS) receiver.
Additionally, or alternatively, the location determining device can include another device,
such as a wireless transceiver that communicates with cellular towers (e.g., to triangulate
the location of the vehicle). The location determining device can determine a location of
where the vehicle is located based on wireless signals received from sources outside of the
vehicle (e.g., GNSS satellites, cellular towers, or the like). The location determining device

may generate location data representative of this location and communicate the location
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data to the controller. This location data can include geographic coordinates of the location

determining device or other information representative of where the vehicle is located.

[0036] The controller may receive different location data from the location determining
device at different times. The location data may change over time due to movement of the
vehicle, but potentially due to drift in signals received by and/or generated by the location
determining device, due to tolerances of the location determining device in determining the
coordinates, due to external interference, or the like. In one embodiment, the controller
may examine only the location data representative of movement along a single direction.
For example, the controller may examine changes in the location data along a first direction
(e.g., a direction that is parallel to a latitude of the earth, a direction that is parallel to a
longitude of the earth, a direction that is obliquely oriented with respect to a latitude and/or
longitude of the earth, a direction that extends along a segment of the route, or the like).
This direction may be referred to as a movement direction of interest. The controller may
ignore changes in the location data representative of movement along any other direction.
Optionally, the location determining device may communicate the location data or changes
in the location data along the movement direction of interest to the controller, and not

communicate location data or changes in the location data along other directions.

[0037] Additionally, or alternatively, the movement characteristic of the vehicle that is
monitored can include a separation distance and/or a time-of-flight. The separation distance
can be a distance between the vehicle and one or more objects located outside of the
vehicle. The time-of-flight can be a time period during which one or more electromagnetic
waves are emitted toward the one or more objects located outside of the vehicle and
reflected or backscattered echoes of the waves are received back at the vehicle. The vehicle
can include the radar system that transmits electromagnetic waves outside of the vehicle

(e.g., toward the ground, toward the route, toward objects disposed along the route, or the

like).

[0038] The radar system can measure a time-of-flight as the time between emitting one or
more electromagnetic waves and the time at which the one or more electromagnetic waves

are received back at the radar system. The radar system can include one or more antennas
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and associated hardware circuitry that transmits and receives the waves. The hardware
circuitry of the radar system optionally may include and/or be connected with one or more
processors, microcontrollers, or other electronic logic-based devices. The radar system can
communicate the time-of-flight information to the controller and/or may convert the time-
of-flight information into a separation distance between the radar system and the object off
which the waves were at least partially reflected. This separation distance can be
communicated to the controller. Optionally, the controller can determine the separation

distance based on the time-of-flight that is reported to the controller from the radar system.

[0039] Additionally, or alternatively, the movement characteristic of the vehicle that is
monitored can include inertia of the vehicle. The vehicle can include one or more IMUs or
other devices that measure inertia of the vehicle and/or changes in the inertia of the vehicle.
The IMU may generate inertial data that represents one or more of an orientation of the
vehicle, a velocity of the vehicle, and/or a gravitational force. This inertial data may be
communicated to the controller as the movement characteristic. Suitable alternatives to the

IMU shown in FIG. 1 may be an accelerometer and/or gyroscope, that are not an IMU.

[0040] In one embodiment, the movement characteristic of the vehicle that is monitored is
rotational displacement of one or more components of the vehicle. The rotational
displacement of the one or more components may be examined in order to determine if the
vehicle has begun moving from a stationary state. The controller can examine the rotational
displacement measured by the speed sensor for one or more wheels and/or axles of the
vehicle. Merely measuring rotational displacement of a wheel and/or axle may not
accurately determine whether the vehicle has initiated movement. For example, if adhesion
between the wheel and a surface of the route being traveled upon by the vehicle is poor,
then the wheel may slip relative to the surface of the route. This slipping can cause the
wheel to rotate without the vehicle actually moving along the route. In order to prevent the
slipping of a wheel from being incorrectly identified as initiation of movement of the
vehicle, the movement characteristic of rotational displacement of a wheel and/or axle can
be examined by reducing the torque or tractive effort (TE) applied to a first axle or a first

wheel relative to one or more, or all, other axles and/or wheels of the same vehicle system

10
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(where the vehicle system includes two or more vehicles). This first axle or first wheel may
be referred to as a de-rated axle or de-rated wheel. The torque or tractive effort may be
reduced below a lower threshold that is associated with wheels not slipping on the route.
The lower threshold may be determined from previous observations of the vehicle system,
such as by examining the wheels at different torques or tractive efforts to determine which

torques or tractive efforts cause slipping of the wheels.

[0041] The controller can then determine the rotational displacement of the de-rated wheel
or axle based on a signal output by the speed sensor. If or when the controller receives
signals from the same or other speed sensors for other wheels or axles, the controller can
disregard or not use those signals to monitor the movement characteristic (e.g., rotational
displacement) of the vehicle. The torque or tractive effort applied to the de-rated axle or
wheel may then be increased for movement of the vehicle. In one embodiment, the
controller may repeatedly determine the rotational displacement of the de-rated wheel
and/or de-rated axle. The controller can monitor the same wheel or axle as the de-rated
wheel or axle or may use different wheels or axles at different times as the de-rated wheel

or axle.

[0042] If the de-rated wheel and/or axle has rotated (e.g., due to the commencement of
movement of the vehicle), then the rotational displacement (e.g., a distance measurement)
received from the speed sensor will change. If the de-rated wheel and/or axle has not rotated
(e.g., due to the vehicle remaining stationary), then the rotational displacement received
from the speed sensor will not change or will change by a small amount (e.g., less than a

designated threshold representative of noise in the system or speed sensor).

[0043] Additionally, or alternatively, to de-rating an axle and/or wheel to measure the
rotational displacement, a throttle of the vehicle may be limited. The throttle may be
included in or represented by the input device shown in FIG. 1. Limiting a throttle can
include preventing an operator or autonomous control of the throttle from increasing the
throttle above a designated reduced throttle limit. The reduced throttle limit can be an upper
limit on the throttle that is smaller than an upper or maximum range of the throttle. For

example, prior to limiting the throttle of the vehicle, the throttle may have a range of

11
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positions or settings from one to eight (representing different tractive efforts, torques,
speeds, or the like). Optionally, the throttle may include a pedal that has a range of

movement.

[0044] The rotational displacement of two or more different axles and/or wheels of the
same vehicle (or same vehicle unit where the vehicle includes two or more vehicles) may
be compared to determine if the vehicle has begun moving from a stationary position. For
example, the rotational displacement of the de-rated axle or wheel may be compared with
the rotational displacement of one or more axles and/or wheels that were not de-rated. If
the rotational displacement of the axles and/or wheels that were not de-rated is larger than
the rotational displacement of the de-rated axle and/or wheel, then the larger rotational
displacement may indicate that the axles and/or wheels that were not de-rated is due to
slipping of the wheels on the route while the smaller rotational displacement of the de-rated
axle and/or wheel may indicate that the vehicle has not yet begun to move (e.g., if this
rotational displacement is small, such as less than a threshold distance of three centimeters,
six centimeters, ten centimeters, fifty centimeters, or another value). In one embodiment,
the threshold distance may be a non-zero distance and non-negative distance. Alternatively,
the threshold distance has a value of zero. But, if the rotational displacement of the de-
rated axle and/or wheel is greater than this threshold distance, then the rotational

displacement may indicate that movement of the vehicle has begun.

[0045] The controller can control operations of the vehicle in the moving mode according
to a trip plan. An energy management system 234 can designate operational settings of the
vehicle as a function of time, distance, and/or location along routes. These operational
settings may include throttle settings, brake settings of a brake system 232 of the vehicle
(e.g., an air brake system, dynamic brakes, independent brakes, disc brakes, or the like),
speeds of the vehicle, or the like. The operational settings of the trip plan may be used to
instruct the operator on how to control the vehicle, such as by displaying or audibly
presenting instructions on an output device 230. The output device can include a display
device, speaker, or the like. Alternatively, the vehicle may be directly controlled (e.g.,

autonomously) using the operational settings designated by the trip plan. For example, the

12
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controller, the propulsion system, the brake system, or the like, may be autonomously
controlled according to the operational settings designated by the trip plan. The controller
may directly control the throttle of the propulsion system and/or the brake system without
operator intervention during operation of the vehicle in the moving mode only, in the
transitional operating mode only, or in both the moving mode and the transitional operating

mode.

[0046] FIG. 2 illustrates a vehicle system 1400 according to one embodiment. The vehicle
system 1400 may represent the vehicle shown in FIG. 1, with the vehicle system including
a single vehicle or multiple vehicles 1402 (e.g., units 1402A-C), 1404 (e.g., units 1404 A-
D) mechanically connected with each other by couplers 1406. The vehicles 1402 can
represent propulsion-generating vehicles, such as locomotives, automobiles, off-highway
vehicles (e.g., mining vehicles or other vehicles that are not permitted or designed for travel
on public roadways), marine vessels, or the like. The vehicles 1404 can represent non-
propulsion-generating vehicles, such as rail cars, trailers, or the like. The number and
arrangement of the units 1402, 1404 in the vehicle system 1400 are provided merely as one
example and are not limiting on all embodiments of the subject matter described herein. In
one embodiment, the vehicle system may be a rail vehicle. The rail vehicle may include
multiple propulsion-generating vehicles (locomotives) provided in groups distributed
throughout the rail vehicle. Each group of propulsion-generating vehicles may include a
single propulsion-generating vehicle (locomotive) or a plurality of propulsion-generating

vehicles (locomotives).

[0047] Alternatively, two or more of the vehicles may not be mechanically coupled with
each other. For example, two or more of the vehicles or all of the vehicles may be separate
from each other but may travel together as a group (or a convoy, platoon, etc.) along the
route. The components shown onboard the vehicle of FIG. 1 may be disposed onboard a

single vehicle unit and/or may be split among the vehicles of the vehicle system.

[0048] In one embodiment, an operating mode of the vehicle system can include stopping
the vehicle system such that multiple vehicles of the vehicle are bunched together with one

or more couplers between the multiple vehicles being in a slack state once the vehicle

13
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system is stopped. The slack state can include the couplers having slack, such as that

occurring when the couplers are not in tension.

[0049] The couplers may absorb longitudinal forces between the vehicles of the vehicle
system. As the vehicle system moves, longitudinal compression and tension forces shorten
and lengthen the distance between the vehicles. The couplers may allow for some free
movement or slack of a first vehicle unit before the force is exerted on a second vehicle
unit that is coupled to the first vehicle unit. When the coupler between two vehicles is not
under tension (or the tension in the coupler has a magnitude below a designated threshold),
the coupler may be referred to as being in a slack state or slack condition. The slack state
is in comparison to a stretch state of the coupler when the tension in the coupler has a
magnitude greater than a designated threshold. In one embodiment, the couplers of the
vehicle system are in the slack state when the vehicle system is stopped because, when the
vehicle system starts moving again, the propulsion-generating vehicles may not need to
pull the entire load of the vehicle system from the stationary position at the same time.
Instead, due to the accumulation of slack between the vehicles (also referred to as
bunching), the propulsion-generating vehicles may start by pulling and/or pushing a
smaller number of the non-propulsion-generating vehicles until the slack between the
vehicles is reduced, at which time the propulsion-generating vehicle unit pushes and/or
pulls additional vehicles. Due to bunching, the propulsion-generating vehicles may be able
to build up momentum over time without having to pull the entire load of the vehicle system

at once from a stopped position.

[0050] To stop the vehicle system such that multiple vehicles of the vehicle system are
bunched together the energy management system may designate operational settings (e.g.,
according to a trip plan) and/or the controller may limit or constrain changes to throttle
settings that provide for fine control over the tractive efforts and braking efforts of the
vehicle system as the vehicle system slows to a stop in order for the couplers to attain the
slack state. For example, the operational settings may control the braking system to slow
the vehicles consecutively such that each vehicle unit comes to a stop soon or very close

after the preceding vehicle unit in the vehicle system (e.g., within one to three meters or
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another distance), which can provide slack in the corresponding coupler. The controller
and/or energy management system may designate the operational settings based on slack
information received from string pots located between the vehicles. Due to the benefit that
bunching may provide the vehicle system as the vehicle system starts moving again,
stopping the vehicle system to achieve bunching may be more desirable than stopping the

vehicle system to achieve fuel efficiency or to save time, for example.

[0051] In one embodiment, the energy management system may start the vehicle system
by controlling motoring, dynamic brake, DP operation, independent air brake and
automatic air brake operation. The energy management system may start the vehicle system
without first determining or calculating the slack state of the vehicle system and/or the
terrain conditions. The energy management system may start the vehicle system without
any significant backward movement which may occur if one or more vehicles moves in a
direction opposite to the overall direction of movement of the vehicle system, without
reaching coupler limits anywhere in the vehicle system, and without damaging the route.
In addition, the energy management system should be able to hand over the control to the
operator at any time and not leave the vehicle system in an unsafe condition. The vehicle
system starting operation may be performed under any slack condition (stretched, bunched,
indeterminate) in the vehicle system as well as different grades (example uphill, downbhill,

undulating), route conditions (example dry, wet, snow), and weight distributions.

[0052] Referring to FIG. 3, the speed of the vehicle system may be regulated during a
starting process until the speed reaches a transition speed 310 at a distance 360 traveled by
the vehicle system during the starting process. When the vehicle system reaches the
transition speed control of the vehicle system may be according to the trip plan previously
determined by the controller. In one embodiment, the controller may determine a new trip
plan after reaching the transition speed. The speed regulation includes a first phase 320 in
which the overall speed of the vehicle system is zero although the speed of one or more
vehicles of the vehicle system is greater than zero. During the first phase the vehicle system

may be stretched as distances between vehicles increases.
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[0053] As the starting process continues the vehicle system enters a second phase 330 in
which the vehicles of the vehicle system accelerate. The speed regulation continues to a
third phase 340 to force all vehicles into motion or to minimize slack forces, in which all
of the vehicles of the vehicle system are moving, and the speed of the vehicle system is
regulated to be a substantially constant speed. The speed regulation continues to a fourth

phase 350 in which the vehicle system accelerates to the transition speed.

[0054] The length of each phase of the starting process and the speed and acceleration of
the vehicle system in each phase may be determined and transitioned through based upon
the slack state of the vehicle system. The slack state may be stretched, bunched,
indeterminate, or partially indeterminate, and can be used to determine how to manipulate
each phase of the starting process. The slack state can be pre-calculated or based upon the
previous stop process and carrying it over to the next starting process, i.e., stop in a
determined slack state and pass it forward. Additionally, other data sources can contribute
to combine different starting process manipulations such as vehicle system makeup
including coupler types and positions, length of vehicle system, individual vehicle (e.g.,
car) length and weights, and terrain data that the vehicle system is sitting on. These can all
be combined to determine different processes to start the vehicle system including, but not
limited to: stretched uphill, stretched downhill, stretched undulating, bunched uphill,

bunched downhill, bunched undulating, or an unknown slack state.

[0055] DP can be used to force a starting slack state, by individual manipulation of when
and how to apply power to individual propulsion-generating vehicles within the vehicle
system. In one embodiment, a starting slack state is provided by pushing from a rear DP
propulsion-generating vehicle group and holding a lead propulsion generating-vehicle
group to force the vehicles system into a bunched state. Consequently, individual airbrake
systems per propulsion-generating vehicle group within the vehicle system may be
controlled to allow application of propulsion-generating vehicle air brakes on the rear or
lead propulsion-generating vehicle group while releasing the air brakes on the other
propulsion-generating vehicle group. This allows manipulation of individual vehicle

brakes utilizing ECP air brakes, by applying or releasing individual vehicle brakes.
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[0056] Individual control of each propulsion-generating vehicle group can allow for timed
transitions of tractive effort (TE) versus release of airbrakes to prevent rollback of
individual vehicles, and simultaneously stretching of the vehicle system, as well as to use
coordinated movement of individual propulsion-generating vehicles or groups of
propulsion-generating vehicles in a DP vehicle system to prevent vehicles from rolling
back to stretch, or to push vehicles to bunch the vehicles of the vehicle system. Each
propulsion-generating vehicle group may be individually controlled. In one embodiment,
the starting times of each individual propulsion-generating vehicle group may be staggered.
For example, a lead propulsion-generating vehicle group may be started first and
subsequent propulsion-generating vehicle groups may be started at a later time or times.
The speeds and/or accelerations of the propulsion-generating vehicle groups may be
individually controlled. In one embodiment, all the propulsion-generating vehicles groups
may be started at the same time. For example, all of the propulsion-generating vehicle

groups may be started at the same time but at different speeds and/or accelerations.

[0057] Other vehicle system and/or vehicle unit feedback can be used to modify the starting
process. Such feedback can include, for example, End of Vehicle (EOV) feedback,
including movement detection, and EOV brake pipe pressure, or change in pressure.
Additionally, or alternatively, other data sources can alter the starting process such as
vehicle system makeup, a position of the vehicle system on terrain, brake state, including
propulsion-generating vehicle air brakes, non-propulsion-generating vehicle air brakes,

hand brakes, and whether they are set, applying, released, releasing.

[0058] A starting process can include departure checks. For example, a departure check
may include continuous brake pipe checks, brake pipe leakage checks, locomotive status,
and/or train makeup confirmation. The departure check may include checks of brake pipe
pressure rise (e.g., in PSI) at the end of the vehicle based upon EOV data, or DP propulsion-
generating vehicle brake pipe status, as well as consist checks utilizing DP data, DP link
status, and running status of individual locomotives based upon DB modem data, or DP in

comparison with offboard train makeup data.
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[0059] During the starting process, the vehicle system operator (e.g., train engineer) can
be kept constantly informed of a status of the starting process, as well as reasons and
process for start failure. The operator may be allowed to return the vehicle system to a stop
state, and control returned to the operator in a safe state, or the operator may be allowed to

take over at a failure state and to continue the starting process.

[0060] In one embodiment, a trip optimizer type system may be used to start a heavy
vehicle system, for example a train, by controlling motoring, dynamic brake, DP operation,
independent air brakes, and/or automatic air brakes regardless of the slack state and terrain
conditions. The starting may be achieved without any significant backward movement of
the vehicle system or vehicles in the vehicle system (i.e., without movement of any vehicles
of the vehicle group moving in a direction opposite to an intended direction or a direction
of interest), without reaching coupler limits anywhere in the vehicle system, and without
damaging the route. In addition, control of the vehicle system may be handed over to the
operator at any time and not leave the vehicles system in an unsafe condition. Th vehicle
system starting operation may be performed under determined or undetermined slack
conditions (e.g., stretched, bunched, indeterminate) in the vehicle system as well as
different route grades (e.g., uphill, downhill, undulating), track conditions (e.g., dry, wet,

snow), and weight distributions.

[0061] The operator may be informed of the starting status and any problems that occur
while the vehicle system is being controlled at all times during the starting operation. This
may include informing the operator of each action being taken, e.g., release of the vehicle
system air brakes, displaying what notch (i.e. throttle position or setting) the propulsion-
generating vehicles are being driven at all times, failures and/or degradations encountered
during the starting process (e.g. communication errors, TE production that is different from
expected), operation of related equipment such as sanders, advance rail cleaners (ARC),
crossing bell, horn, GPS receivers, and their status. The operator may be informed about
specific events during the starting process, for example when movement of the entire
vehicle system is confirmed, when a desirable slack condition is achieved (and what the

condition is), when the vehicle system is transitioning to constant speed regulation
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operation, and/or when the starting process is being aborted and why and what condition
the vehicle system is going to be left in upon aborting the starting process (e.g., an airbrake
state). The output device may be used to confirm and/or inform the operator about an axle
cutout status or engine shut down status or anything else which may prevent or impair

starting.

[0062] When conditions required for starting are high, for example a high throttle position
such as in the lead propulsion-generating vehicle, one or more axles, one or more
propulsion systems, and/or one or more propulsion-generating vehicles may be controlled
differently in order to increase or maximize adhesion and thereby to reduce or minimize
wheel slip. The trailing propulsion-generating vehicles may have relatively better adhesion
and may be able to compensate for the wheel slip of the lead propulsion-generating vehicle.
In one embodiment, the controller may control one or more of the propulsion or dynamic
braking differently, including directing one or more of the propulsion-generating vehicles
closer to a trailing end of the vehicle system to generate more propulsion than one or more
others of the propulsion-generating vehicles closer to an opposite leading end of the vehicle
system. This can be done based on an adhesion profile of one or more similar vehicle
systems, similar conditions, similar location and/or by the stopping performance of one or
more similar vehicle systems. A profiled adhesion-based call may be used. For example,
each axle may produce an additional 0.15% improvement and/or sanding may make 10%

improvement when the route conditions can only support 25-30% adhesion.

[0063] A failure status of the starting operation may be inferred from, for example, an axle
not making TE out of the expected levels (due to cut out or failure), cutout status, engine
shut down, and/or any engine issue which prevents it from making the making the expected

TE.

[0064] The starting operation may be improved by calculating acceleration of each
propulsion-generating vehicle, for example by using its own speed sensors, GNSS receiver,
accelerometers, and/or drawbar sensors. The acceleration may be calculated from readings

from the sensors or may be estimated based on TE and movement.
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[0065] The starting operation may incorporate movement detection. This may include
movement of any sensed location, for example propulsion-generating vehicles in the
vehicle system and/or EOV. Knowledge of the movement information as well as the exact
amount (position change, speed) and timing of the movement may be used to determine
which portion of the vehicle system is moving and to determine the slack conditions and
to determine the success of the starting operation as well as to determine an amount of

acceleration, TE, and/or speed change needed.

[0066] Additional information may be considered in determining the starting operation.
For example, a history or histories of similar vehicle systems and/or similar locations may
be considered. A slack state of the vehicle system may be considered. Other information
available from vision-based movement detectors, for example forward and/or reverse
vehicle cameras, downward and/or sideways facing cameras, and/or axle counters in any
of the locations in the vehicle or wayside may be used to determine and/or control the
starting operation. One or more of the controllers may use algorithms to process images

obtained to provide information on the status of the starting operation.

[0067] In one embodiment, the starting operation may incorporate operation of appropriate
devices, such as manual and/or automatic sanders in various locations on the vehicle
system, and/or operation of other conditioning systems, such as an advance rail cleaner
and/or operation of a bell and/or a horn or a visual movement indicator. The starting
operation maybe conducted with limited GNS and/or communication capabilities in one or

more vehicles in the vehicle system.

[0068] The starting operation may control the speed of the vehicle system along an S curve
or a linear curve for transitioning to speed control once the starting operation is completed.
The starting operation may include a planned TE call with closed loop regulation. A
position regulator with and without reduction or adjustment in TE maybe used during the

starting operation.

[0069] The starting operation can be incorporated into an existing vehicle system. Suitable

vehicle systems may include, for example, a freight train or a passenger train. Suitable

20



WO 2022/020685 PCT/US2021/042909

trains may have a combination of cars, consists, locomotives, and/or locomotive positions

within the train.

[0070] Regulation of the vehicle system may be done by regulating the vehicle system at
a low speed until the entire vehicle system is moving, then switching to regulating
acceleration (mph/min), and at a pre-determined speed switch back to standard regulation,

allowing for a new speed control operation to occur at the transition speed.

[0071] Other vehicle system feedbacks can be used to modify the starting process such as
EOV feedback, including movement detection, and EOV brake pipe pressure, or change in
pressure. Additionally, or alternatively, other data sources, such as vehicle system makeup,
position of the vehicle system on terrain, brake state including powered vehicle air brakes,
non-powered vehicle air brakes, handbrakes, and whether they are set, applying, released,

releasing, can alter the starting operation.

[0072] One or more controllers of one or more vehicles may control each of the
independent air brakes, the non-propulsion-generating vehicle air brakes, and bail
commands. The one or more controllers may control when and how to release the
propulsion-generating vehicle air brakes and the non-propulsion-generating vehicle air
brakes. The operator (e.g., engineer) may be informed of the status of the various brakes
through, for example, a display of the output device. The operator may be prompted to
perform an action, for example to release a handbrake, through the display of the output

device.

[0073] Referring to FIG. 4, in one embodiment a system 400 to control a starting operation
of a vehicle system may include a controller 410. The controller may be located on one or
more of the vehicles and executed through one or more sub-controllers of the one or more
vehicles. The controller may determine starting parameters and then regulate the operation
of the vehicle system according to a plan. The plan may be performed to optimize any of
but not limited to the following: acceleration; position at a time window; velocity at a time
window; coupler(s) force profile during starting; coupler(s) force transitions. The

controller then may regulate the vehicle system to an acceleration, a position, or a speed.
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[0074] The controller may plan to utilize all possible control parameters including:

[0075] Distributed power controllers for individual control of propulsion-generating
vehicles may balance forces within the vehicles system and allow for individual pushing
or pulling per individual propulsion-generating vehicle. This allows for individual
application of independent airbrakes per propulsion-generating vehicle, and timed release
of vehicle airbrakes, allowing for transitioning of release in front and later release in back,
or vice versa. This allows for application and release of individual handbrakes at timed
intervals or in coordination with tractive effort application per propulsion-generating

vehicle.

[0076] Utilizing ECP airbrakes during starting can plan for and execute individual vehicle
brakes to manipulate reduction or minimization of individual coupler forces within the
vehicle system and coordinate with TE application per propulsion-generating vehicle
within the vehicle system. The controller may identify failure to start scenarios, thus

preventing starting or preventing unsafe starts, unless the failure identification is resolved.

[0077] Referring again to FIG. 4, the controller may plan or optimize the starting operation
based on one or more of a time to reach a determined distance, changes in power (e.g.,
changes in throttle or notch position), a maximum value of absolute coupler force in every
coupler, or a velocity at a determined distance. The controller may generate an acceleration
rate or vector 420 for a period or window for each consist within the train. The acceleration
rate or vector is compared to an acceleration 430 of the propulsion-generating vehicle
group by a comparator 440. An acceleration regulator 450 provides individual control per
propulsion-generating vehicle group and coupler force regulation by controlling each
propulsion-generating vehicle individually within limits 460. The limits are compared by
a comparator 470 to the trip plan from the controller. Consequently, the controller may
generate a position versus time, for example utilizing axle/wheel feedback, and provide a
power command 480 to regulate for relative position or propulsion-generating vehicle

power (e.g., throttle or notch setting) versus time.
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[0078] The controller may control the starting operation based on one or more conditions.
The conditions may include time window to a distance (for example a distance of 1000 feet
in 30 to 90 seconds). Another condition may be a position window to a time (for example
a distance of 500 to 1500 feet in 60 seconds). A further condition may be the reduction or
minimization of a maximum coupler force, and/or a ratio of maximum over capability of
coupler forces, and/or reduction or minimization of coupler force sign changes. The
controller may have a programmed TE/BE (brake effort) change as a function of
propulsion-generating vehicle position and air brake (A/B) propagation time as a condition
of the starting operation. The air brake release from specific propulsion-generating vehicle
positions as a function of time (for example only lead, only mid remote, only trail remote
followed by lead) may be a condition of the starting operation. A programmed air brake
release from a specific propulsion-generating vehicle as a function of time and/or position
may be a starting operation condition. A programmed air brake release as a function of
non-propulsion-generating vehicle/propulsion-generating vehicle position in an ECP brake
system, including for slack control, may be a further condition of the starting operation.

The controller may use zero DB modem data as a condition of the starting operation.

[0079] For the starting operation, the controller may generate a position plan, an
acceleration plan, and/or a warning if the starting operation is not going to be successful.
The controller may generate a starting slack state of the train (e.g., a bunched state of the

vehicles of the vehicle system).

[0080] During the starting operation, the controller may regulate a position, acceleration,
a constant acceleration, and/or an acceleration clamped to a trip plan of the controller. The

controller may replan the trip once a certain speed is achieved during the starting operation.

[0081] The controller may begin the starting operation under various slack states and
terrain, including an unknown slack state, a stretched/uphill vehicle system configuration,
a stretched/downhill configuration, a stretched/undulating configuration, a bunched/uphill

configuration, a bunched/downhill configuration, or a bunched/undulating configuration.
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[0082] The controller may control the starting operation to ease the vehicle system to a
known slack state before starting using DP operations. The controller may determine when
the slack is taken care of by determining a position, a speed, and/or an acceleration of all
propulsion-generating vehicles and the EOV. The controller may further determine and

remember a slack state from the last stop (either manual or automatic).

[0083] The controller may provide an indication, for example through the output device,
to the operator to release a handbrake. The controller may provide a timed TE application
(e.g., apply alead unit notch and a delayed notch for DP based on time and/or an A/B signal
being received). The controller may provide the operator or other personnel to perform a
departure test function and may allow the departure test function result to be input into the
starting operation, for example through the input device. The controller may receive
confirmation from all DP and communication units (e.g., DB modems) to determine a time

for A/B propagation.

[0084] The controller may generate acceleration as a function of position or time. The
acceleration may be one vector for the propulsion-generating vehicle groups, or multiple
vectors for each group of propulsion-generating vehicles, or multiple vectors for each
propulsion-generating vehicle, or multiple vectors for propulsion-generating vehicles and
non-propulsion-generating vehicles or EOV. The regulator may regulate acceleration of
one or more propulsion-generating vehicles to be with in an acceptable limit to generate
the power command to be distributed to one or more propulsion-generating vehicles
independently or synchronously. The regulator may control the vehicle system as a
function of time or as a function of position. It may replan the trip if an error is becoming
unacceptable. Acceleration may be shown but the regulator may control the vehicle system
to a position or time to a specified position or speed at certain positions or coupler force at

specified locations in the vehicle system.

[0085] Referring to FIG. 5, a method 500 includes commencing movement 510 of a vehicle
system including a plurality of vehicles from a stationary state. The method further

includes controlling brakes 520 during the commencement of movement of the vehicle
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system from the stationary state to control spacing between the plurality of vehicles of the

vehicle system.

[0086] Referring to FIG. 6, a method 600 includes commencing movement 610 of a vehicle
system including a plurality of vehicles from a stationary state. The method further
includes individually controlling 610 groups of propulsion-generating vehicles of the
vehicle system during the commencement of the movement of the vehicle system to control

spacing between the plurality of vehicles of the vehicle system.

[0087] Referring to FIG. 7, a vehicle system may travel in a direction of interest or intended
direction 700 on a route having a stopping location or system stop location 704 at which
the vehicle system is to stop. A signal stop 702 may be collocated at the system stop
location. The controller may prevent the vehicle system from entering an area 712 that is
past the system stop location. The controller may stop the vehicle system so that a vehicle
or vehicles, or a portion or portions thereof, of the vehicle system are stopped at a
designated stop location(s) 706. The designated stop location(s) may be a fueling station(s)
where a specific propulsion-generating vehicle(s) of the vehicle system need to be
positioned. The designated stop location(s) may be a charging station(s) for charging
systems of the vehicles of the vehicle system. The designated stop location(s) may be for
pick-up and/or set-out where a vehicle or vehicles of the vehicle system need to be
positioned for addition to or removal from the vehicle system. Additional secondary
systems can be used to determine other designated stop locations or system stop locations,
such as Positive Train Control systems or a cab signal. In one embodiment, the designated
stop location(s) may not be located relative to the front or back of the vehicle. Rather, the
designated stop location(s) may be relative to any position of any vehicle of the vehicle
system, for example a third vehicle in a train may need to be stopped for fueling or a fifth
vehicle may need to stop for electrical charging connection with a charging connector that
is 10 meters behind the front end of the fifth vehicle. In these examples, tolerances in both
directions may be required and the designated stop location(s) may be selected or

determined relative to the system stop location.
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[0088] The designated stop location(s) may be calculated as a discernable position within
a stopping zone(s) 708. The controller may determine the designated stop location(s) within
the stopping zone(s) to provide a margin(s) 710 between the system stop location and the
designated stop location(s). The system stop location can be provided or may be computed
for a specific location. During operation, the system stop location is set to ensure that the
vehicle system can come to a stop at the designated stop location(s). A distance to stop is
based on several factors. These factors may include the speed of the vehicle system, the
weight of the vehicle system (including whether it is a loaded or unloaded weight), the
environmental conditions (rain, snow, dry, etc.), and the like. The controller may
determine a maximum speed at which to begin braking with additional factors, such as
efficiency (to allow the vehicle system to come in as fast as possible as close as possible
but without overshooting) or stress on components (to allow the vehicle system to coast in

starting from a further distance away).

[0089] Continuing, and with reference to FIG. 8, in determining the system stop location,
additional stopping location factors for the lead vehicle of the vehicle system may be taken
into account. For example, where a front 1401 of the vehicle system may stop relative to
an end 1403 of the vehicle system may be taken into account. The controller may adjust an
initial system stop location to allow the end of the vehicle system to be moved so that the
end of the vehicle system does not block an intersection 213 of a route 211 that branches
off from the route. If the initial system stop location would result in the end of the vehicle
system blocking the intersection, the controller can adjust the initial system stop location
in a direction 809 so that the front of the vehicle system is moved forward enough to
prevent the end of the vehicle system from blocking the intersection. The controller can
determine the location of the end of vehicle system using, for example, distance counters,
EOV devices with location devices (e.g., GNSS receiver), EOV DP propulsion-generating
vehicles with location devices, imaging data provided by the last and/or intermediate
vehicles of the vehicle system. The controller can also use additional data to determine the
location of the end of the vehicle system from those devices, including, for example time

stamps transport lag, and direction of travel. For example, a distance counter can be set to
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allow determination of how far the front of the vehicle system has traveled since the stop
target has been reset. Location data (e.g., GNSS data) at the end of the vehicle system can
be transmitted to the front of the vehicle system that indicates the location of the end of the
vehicle system. As another example, camera signals can be sent from the end of the
vehicles system to the front of the vehicle system using landmarks to determine the

location.

[0090] Referring to FIG. 9, the controller may adjust the initial system stop location to
prevent blocking of a crossing 213 or fouling of a switch. If the initial system stop location
would result in the front of the vehicle system blocking the crossing or fowling a switch,
the controller may move the initial system stop location in a direction 911 that moves the
system stop location before the crossing or the switch. The position of the system stop
location can be determined from, for example, route database features, or camera signals.
The initial system stop location can be moved forward or backwards in order to avoid
fowling a switch or blocking a crossing. The initial system stop location may also be

adjusted to provide incremental slack state changes in couplers of the vehicle system.

[0091] The controller may generate a power plan and speed profile indicative of stopping
the vehicle system at the system stop location. Speed profiles and system stop locations
may be generated by one or more processes or separate systems from the controller. System
stop locations can be placed anywhere regardless of terrain, vehicle system makeup,
vehicle system size, and the controller may determine a slack state (e.g., stretched,
bunched, intermediate) to stop the vehicle system in, and what brakes to use to stop the
vehicle system (e.g., automatic, independent, dynamic), and subsequently what brakes to
apply including parking brakes in order to park the vehicle system after stopping, all before
passing the system location. The controller may activate additional peripherals (e.g., horns,

bells, flashers, signals) required when stopping the vehicle system.

[0092] The controller may stop the vehicle system using the generated power plan, vehicle
system makeup information, position data (e.g., GNSSS data, track switches), DP control,

and airbrakes (automatic and independent) in order to stop the vehicle system with a
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desired slack state (e.g., bunched, stretched), within a determined or configurable tolerance
of the system location. The controller may use a reverse S or exponential or some other

type of stopping profile curve to bring the vehicle system to a stop.

[0093] The controller may regulate the vehicle system speed to a stop while controlling the
individual coupler forces during stopping events to be below yield thresholds to prevent

vehicle system breaks.

[0094] Referring to FIG. 10, the controller may regulate a lead propulsion-generating
vehicle of the vehicles system to a stop using a position loop controller wrapped around a
speed regulator. The controller can use available options to determine an actual position of
the lead propulsion-generating vehicle, including for example GNSS data, tachometers,
and axle/locomotive derated data. A controller 1000 may determine an error 1030 between
a speed command signal 1010 and a speed feedback signal 1020. The error is provided to
amplifiers 1040, 1050 of a PI control of the controller that includes a tuner 1070 for zeroing
the integral gain. The output of the PI controller is added to a feed forward command 1060

to produce the output power command 1080 of the controller.

[0095] The controller may keep the operator of the vehicle system informed of the
slowing/stopping status, and problems occurring while being controlled during the
stopping sequence by providing information to the operator during the stopping process.
The information provided to the operator may include any potential failure possibilities or
how much error may be expected in the stopping position as well as actions the operator
may need to take. The information provided to the operator may include each action being
taken, for example application of automatic brakes, independent brake applications,
throttle settings (notch position) for each propulsion-generating vehicle, while providing
the operator the ability to resume manual control at any time. The controller may also
monitor the stopping process once initiated and limit the number of reasons to return to

manual control due to system failures, as long as airbrake control is maintained.
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[0096] The controller may also confirm or inform about, for example, axle cutout status,
engine shut down status, adhesion/slide limitations and rail condition status (e.g., sanding,
wayside lubrications) or anything that may affect stopping. The controller may also
continuously monitor the propulsion-generating vehicles to determine if a tractive effort is

outside of expected levels.

[0097] Referring to FIG. 11, a method 1100 includes controlling braking 1110 of a vehicle
system including a plurality of vehicles to stop the vehicle system at a system stop location.
The method further includes, during controlling the braking to stop the vehicles system,
controlling movement 1120 of one or more of the vehicles to stop a portion of the one or

more vehicles at a designated stop location that is different from the system stop location.

[0098] Referring to FIG. 12, a method 1200 includes commencing movement 1210 of a
vehicle system including a plurality of vehicles from a stationary state. The method further
includes adjusting an adhesion 1220 between one or more of the vehicles and a surface the
vehicle system is moving on to control spacing between the plurality of vehicles of the

vehicle system.

[0099] A method may include commencing movement of a vehicle system including a
plurality of vehicles from a stationary state and controlling brakes during the
commencement of movement of the vehicle system from the stationary state to control

spacing between the plurality of vehicles of the vehicle system.

[00100] Optionally, controlling the brakes provides a determined slack state of one or more

couplers mechanically coupling the vehicles of the vehicle system.

[00101] Optionally, the method may further include monitoring locations of different
segments of the vehicle system, identifying relative movement between the different
segments based on the locations that are monitored, and determining a slack state of

couplers of the vehicle system based on the relative movement of the different segments.
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[00102] Optionally, the method may further include changing propulsion generated in one

or more segments of the vehicle system based on the slack state that is determined.

[00103] Optionally, the method may further include controlling one or more adhesion-

modifying devices based on the determined slack state.

[00104] Optionally, controlling the brakes includes controlling the brakes based on a
history of controlling brakes of one or more similar vehicles systems having one or more
of a same number of propulsion-generating vehicles, a same number of non-propulsion-
generating vehicles, a same arrangement of propulsion-generating vehicles and non-

propulsion-generating vehicles, or a same weight distribution as the vehicle system.

[00105] Optionally, controlling the brakes includes controlling the brakes based on a
history of one or more other vehicle systems on a same route or a same location as the

vehicle system.

[00106] Optionally, controlling the brakes includes controlling the brakes based on one or
more of position data of one or more vehicles of the vehicle system or communication data

in one or more vehicles of the vehicle system.

[00107] Optionally, controlling the brakes includes individually controlling brakes of

propulsion-generating vehicles of the vehicle system.

[00108] A method may include commencing movement of a vehicle system including a
plurality of vehicles from a stationary state and during the commencement of the movement
of the vehicle system, individually controlling groups of propulsion-generating vehicles of
the vehicle system to control spacing between the plurality of vehicles of the vehicle

system.

[00109] Optionally, individually controlling groups of propulsion-generating vehicles
includes commencing movement of the groups of propulsion-generating vehicles at

different times.
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[00110] Optionally, individually controlling groups of propulsion-generating vehicles
includes commencing movement of the groups of propulsion-generating vehicles at one or

more of different speeds or different accelerations.

[00111] Optionally, the method may further include monitoring locations of different
segments of the vehicle system, identifying relative movement between the different
segments based on the locations that are monitored, and determining a slack state of

couplers of the vehicle system based on the relative movement of the different segments.

[00112] Optionally, individually controlling groups of propulsion-generating vehicles
includes individually controlling groups of propulsion-generating vehicles to provide a
determined slack state to couplers mechanically coupling the vehicles of the vehicle

system.

[00113] Optionally, individually controlling groups of propulsion-generating vehicles
includes individually controlling the groups of propulsion-generating vehicles based on a

history of one or more similar vehicles systems or one or more similar starting locations.

[00114] Optionally, individually controlling groups of propulsion-generating vehicles
includes adjusting adhesion between the propulsion-generating vehicles of the vehicle

system and a surface that the vehicle system is moving on.

[00115] Optionally, individually controlling the groups of propulsion-generating vehicles
includes individually controlling the groups based on one or more of position data of one
or more vehicles of the vehicle system or communication data in one or more vehicles of

the vehicle system.

[00116] A method may include controlling braking of a vehicle system including a
plurality of vehicles to stop the vehicle system at a system stop location, and during
controlling braking to stop the vehicle system, controlling movement of one or more of the
vehicles to stop a portion of the one or more vehicles at a designated stop location that is

different from the system stop location.
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[00117] Optionally, the method may further include determining a stopping location of a
lead vehicle of the vehicle system and adjusting a position of the system stop location based

on the stopping location of the lead vehicle;

[00118] Optionally, the method may further include determining a stopping location of a
trailing vehicle of the vehicle system and adjusting a position of the system stop location

based on the stopping location of the trailing vehicle.

[00119] Optionally, the method further includes determining a position of the vehicle
system and a maximum speed of the vehicle system to begin braking the one or more

vehicles to stop the vehicle system at the system stop location.

[00120] Optionally, controlling braking of the vehicle system includes individually

controlling brakes of propulsion-generating vehicles of the vehicle system.

[00121] A method may include commencing movement of a vehicle system including a
plurality of vehicles from a stationary state and adjusting an adhesion between one or more
of the vehicles and a surface the vehicle system is moving on to control spacing between

the plurality of vehicles of the vehicle system.

[00122] Optionally, adjusting the adhesion includes adjusting the adhesion to provide a
determined slack state of one or more couplers mechanically coupling the vehicles of the
vehicle system.

[00123] As used herein, the terms “processor” and “computer,” and related terms, e.g.,

2%

“processing device,” “computing device,” and “controller” may be not limited to just those
integrated circuits referred to in the art as a computer, but refer to a microcontroller, a
microcomputer, a programmable logic controller (PLC), field programmable gate array,
and application specific integrated circuit, and other programmable circuits. Suitable
memory may include, for example, a computer-readable medium. A computer-readable
medium may be, for example, a random-access memory (RAM), a computer-readable non-
volatile medium, such as a flash memory. The term “non-transitory computer-readable

media” represents a tangible computer-based device implemented for short-term and long-
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term storage of information, such as, computer-readable instructions, data structures,
program modules and sub-modules, or other data in any device. Therefore, the methods
described herein may be encoded as executable instructions embodied in a tangible, non-
transitory, computer-readable medium, including, without limitation, a storage device
and/or a memory device. Such instructions, when executed by a processor, cause the
processor to perform at least a portion of the methods described herein. As such, the term
includes tangible, computer-readable media, including, without limitation, non-transitory
computer storage devices, including without limitation, volatile and non-volatile media,
and removable and non-removable media such as firmware, physical and virtual storage,

CD-ROMS, DVDs, and other digital sources, such as a network or the Internet.

[00124] The singular forms “a”, “an”, and “the” include plural references unless the
context clearly dictates otherwise. “Optional” or “optionally” means that the subsequently
described event or circumstance may or may not occur, and that the description may
include instances where the event occurs and instances where it does not. Approximating
language, as used herein throughout the specification and claims, may be applied to modify
any quantitative representation that could permissibly vary without resulting in a change
in the basic function to which it may be related. Accordingly, a value modified by a term

29 CC

or terms, such as “about,” “substantially,” and “approximately,” may be not to be limited
to the precise value specified. In at least some instances, the approximating language may
correspond to the precision of an instrument for measuring the value. Here and throughout
the specification and claims, range limitations may be combined and/or interchanged, such
ranges may be identified and include all the sub-ranges contained therein unless context or

language indicates otherwise.

[00125] This written description uses examples to disclose the embodiments, including the
best mode, and to enable a person of ordinary skill in the art to practice the embodiments,
including making and using any devices or systems and performing any incorporated
methods. The claims define the patentable scope of the disclosure, and 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
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the literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal language of the claims.
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WHAT IS CLAIMED IS:
1. A method comprising:

commencing movement of a vehicle system including a plurality of vehicles from
a stationary state; and

controlling brakes during the commencement of movement of the vehicle system
from the stationary state to control spacing between the plurality of vehicles of the vehicle

system.

2. The method of claim 1, wherein controlling the brakes includes controlling the
brakes to provide a determined slack state of one or more couplers mechanically coupling

the vehicles of the vehicle system.
3. The method of claim 1, further comprising:
monitoring locations of different segments of the vehicle system;

identifying relative movement between the different segments based on the

locations that are monitored; and

determining a slack state of couplers of the vehicle system based on the relative

movement of the different segments.
4. The method of claim 3, further comprising:

changing propulsion generated in one or more segments of the vehicle system based

on the slack state that is determined.

5. The method of claim 3, further comprising:

controlling one or more adhesion-modifying devices based on the determined

slack state.

6. The method of claim 1, wherein controlling the brakes comprises controlling the
brakes based on a history of controlling brakes of one or more similar vehicles systems

having one or more of a same number of propulsion-generating vehicles, a same number
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of non-propulsion-generating vehicles, a same arrangement of propulsion-generating
vehicles and non-propulsion-generating vehicles, or a same weight distribution as the

vehicle system.

7. The method of claim 1, wherein controlling the brakes comprises controlling the
brakes based on a history of one or more other vehicle systems on a same route or a same

location as the vehicle system.

8. The method of claim 1, wherein controlling the brakes comprises controlling the
brakes based on one or more of position data of one or more vehicles of the vehicle system

or communication data in one or more vehicles of the vehicle system.

0. The method of claim 1, wherein controlling the brakes comprises individually

controlling brakes of propulsion-generating vehicles of the vehicle system.

10. A method comprising:

commencing movement of a vehicle system including a plurality of vehicles from
a stationary state; and

during the commencement of the movement of the vehicle system, individually
controlling groups of propulsion-generating vehicles of the vehicle system to control

spacing between the plurality of vehicles of the vehicle system.

1. The method of claim 10, wherein individually controlling groups of propulsion-
generating vehicles comprises commencing movement of the groups of propulsion-

generating vehicles at different times.

12. The method of claim 10, wherein individually controlling groups of propulsion-
generating vehicles comprises commencing movement of the groups of propulsion-

generating vehicles at one or more of different speeds or different accelerations.
13. The method of claim 10,

monitoring locations of different segments of the vehicle system;
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identifying relative movement between the different segments based on the

locations that are monitored; and

determining a slack state of couplers of the vehicle system based on the relative

movement of the different segments.

14. The method of claim 10, wherein individually controlling groups of propulsion-
generating vehicles comprises individually controlling groups of propulsion-generating
vehicles to provide a determined slack state to couplers mechanically coupling the vehicles

of the vehicle system.

16. The method of claim 10, wherein individually controlling groups of propulsion-
generating vehicles comprises individually controlling the groups of propulsion-generating
vehicles based on a history of one or more similar vehicles systems or one or more similar

starting locations.

16. The method of claim 10, wherein individually controlling groups of propulsion-
generating vehicles comprises adjusting adhesion between the propulsion-generating

vehicles of the vehicle system and a surface that the vehicle system is moving on.

17. The method of claim 10, wherein individually controlling the groups of propulsion-
generating vehicles comprises individually controlling the groups based on one or more of
position data of one or more vehicles of the vehicle system or communication data in one

or more vehicles of the vehicle system.

18. A method comprising:

controlling braking of a vehicle system including a plurality of vehicles to stop
the vehicle system at a system stop location, wherein,

during controlling braking to stop the vehicle system, controlling movement of
one or more of the vehicles to stop a portion of the one or more vehicles at a designated

stop location that is different from the system stop location.

19. The method of claim 18, further comprising:
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controlling movement of the one or more vehicles to stop the portion of the one or
more vehicles at the designated location in a determined slack state of couplers

mechanically coupling the vehicles of the vehicle system.
20. The method of claim 18, further comprising:
determining a stopping location of a lead vehicle of the vehicle system; and

adjusting a position of the system stop location based on the stopping location of

the lead vehicle;
21. The method of claim 18, further comprising:
determining a stopping location of a trailing vehicle of the vehicle system; and

adjusting a position of the system stop location based on the stopping location of

the trailing vehicle.
22. The method of claim 18, further comprising:

determining a position of the vehicle system and a maximum speed of the vehicle
system to begin braking the one or more vehicles to stop the vehicle system at the system

stop location.

23. The method of claim 18, wherein controlling braking of the vehicle system
comprises individually controlling brakes of propulsion-generating vehicles of the

vehicle system.

24. A method comprising:

commencing movement of a vehicle system including a plurality of vehicles
from a stationary state; and

adjusting an adhesion between one or more of the vehicles and a surface the
vehicle system is moving on to control spacing between the plurality of vehicles of the

vehicle system.
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25. The method of claim 24, wherein adjusting the adhesion includes adjusting the
adhesion to provide a determined slack state of one or more couplers mechanically

coupling the vehicles of the vehicle system.
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