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generates a trip plan that designates operational settings of a
vehicle system having powered units that generate tractive
effort to propel the vehicle system. The energy management
system determines a tractive effort capability of the vehicle
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between the tractive effort capability of the vehicle system
and the demanded tractive effort of the trip and selects at least
one of the powered units based on the tractive effort difter-
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ered unit to an OFF mode such that the vehicle system is
propelled along the route during the trip by the powered units
other than the selected powered unit.
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Jun. 2007, and entitled “System And Method For Optimized
Fuel Efficiency And Emission Output Of A Diesel Powered
System” (the “°443 Application™). The *763 patent also
claims priority to U.S. Provisional Application No. 60/939,
852, filed 24 May 2007, and entitled “System And Method
For Optimized Fuel Efficiency And Emission Output Of A
Diesel Powered System™ (the “’852 Application™).

[0005] The *443 Application claims priority to and is a
continuation-in-part of U.S. application Ser. No. 11/669,364,
filed 31 Jan. 2007, and entitled “System And Method For
Optimized Fuel Efficiency And Emission Output Of A Diesel
Powered System” (the “’364 Application™). The *443 Appli-
cation also claims priority to U.S. Provisional Application
No. 60/894,039, filed 9 Mar. 2007, and entitled “System And
Method For Optimized Fuel Efficiency And Emission Output
Of A Diesel Powered System” (the “’039 Application™), and
to the *852 Application.

[0006] The *364 Application claims priority to and is a
continuation-in-part of U.S. patent application Ser. No.
11/385,354, filed 20 Mar. 2006, and entitled “Trip Optimiza-
tion System And Method For A Train” (the “’354 Applica-
tion”). The *364 Application also claims priority to U.S. Pro-
visional Application Nos. 60/849,100, filed 2 Oct. 2006, and
entitled “System And Method For Fuel Efficiency Improve-
ment Via Optimized Train Power Makeup” (the 100 Appli-
cation”), and 60/850,885, filed 10 Oct. 2006, and entitled
“System And Method For Fuel Efficiency And Emissions
Improvement Via Optimized Train Power Makeup And
Operation” (the “’885 Application™).

[0007] The entire disclosures of these patents and applica-
tions (i.e., the *652 Application, the 966 Application, the
’608 patent, the *946 patent, the *763 patent, the 443 Appli-
cation, the *852 Application, the 364 Application, the 039
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Application, the *354 Application, the *100 Application, and
the *885 Application) are incorporated by reference.

FIELD

[0008] One or more aspects of the inventive subject matter
described herein relates to powered vehicle systems.
Although one or more embodiments are described and shown
in terms of rail vehicle systems, not all embodiments are so
limited. For example, one or more embodiments may relate to
other types of vehicles, such as automobiles, marine vessels,
other oft-highway vehicles, and the like.

BACKGROUND

[0009] The presently described inventive subject matter
relates to a powered system, such as a train, an off-highway
vehicle, a marine, a transport vehicle, an agriculture vehicle,
and/or a stationary powered system and, more particularly to
a method and computer software code for powering the pow-
ered system where throttle commands are decoupled from
predefined settings.

[0010] Some powered systems such as, but not limited to,
off-highway vehicles, marine diesel powered propulsion
plants, stationary diesel powered systems, and transport
vehicles, such as transport buses, agricultural vehicles, and
rail vehicle systems (e.g., trains), are typically powered by
one or more diesel power units, diesel-fueled power generat-
ing units, and/or electric engines. With respect to rail vehicle
systems, a diesel power unit is usually a part of at least one
locomotive that is powered by at least one diesel internal
combustion engine. The rail vehicle system further includes a
plurality of rail cars, such as freight cars. Usually more than
one locomotive is provided. A plurality of locomotives
coupled together is considered a locomotive consist. Loco-
motives are complex systems with numerous subsystems,
with each subsystem being interdependent on other sub-
systems.

[0011] Anoperatoris usually aboard a locomotive to insure
the proper operation of the locomotive, and when there is a
locomotive consist, the operator is usually aboard a lead
locomotive. A locomotive consist is a group of locomotives
that operate together in operating a train. In addition to ensur-
ing proper operations of the locomotive, or locomotive con-
sist, the operator also is responsible for determining operating
speeds of the train and forces within the train that the loco-
motives are part of. To perform this function, the operator
may generally have extensive experience with operating the
locomotive and various trains over the specified terrain. This
knowledge may be needed to comply with prescribed oper-
ating parameters, such as speeds, emissions and the like that
may vary with the train location along the track.

[0012] Moreover, the operator also can be responsible for
assuring in-train forces remain within designated limits. The
operator applies tractive and braking effort to control the
speed of the locomotive and a load of railcars to assure proper
operation and timely arrival at a desired destination. For
example, some known locomotives have several throttle lev-
els, where each level is referred to as a notch. Tractive effort
is applied by entering a notch, which is an electrical signal
corresponds to throttle position. Speed control may also be
exercised to maintain in-train forces within designated limits,
thereby avoiding excessive coupler forces and the possibility
of a train break. To perform this function and comply with
designated operating speeds that may vary with the train’s



US 2014/0094998 Al

location on the track, the operator generally may have exten-
sive experience operating the locomotive over the specified
terrain with different railcar consists so that the operator
knows which notch to set.

[0013] Inmarineapplications, anoperator is usually aboard
a marine vehicle to insure the proper operation of the vessel,
and when there is a vessel consist, the lead operator is usually
aboard a lead vessel. As with the locomotive example cited
above, a vessel consist is a group of vessels that operate
together in operating a combined mission. In addition to
ensuring proper operations of the vessel, or vessel consist, the
lead operator is responsible for determining operating speeds
of'the consist and forces within the consist that the vessels are
part of. To perform this function, the operator may have
extensive experience with operating the vessel and various
consists over the specified waterway or mission. This knowl-
edge is needed to comply with designated operating speeds
and other mission parameters that may vary with the vessel
location along the mission. Moreover, the operator is also
responsible for controlling mission forces and location
remain within designated limits.

[0014] In the case of multiple diesel powered systems,
which by way of example and not limitation, may reside on a
single vessel, power plant or vehicle or power plant sets, an
operator is usually in command of the overall system to insure
the proper operation of the system, and when there is a system
consist, the operator is usually aboard a lead system. Defined
generally, a system consist is a group of powered systems that
operate together in meeting a mission. In addition to ensuring
proper operations of the single system, or system consist, the
operator also is responsible for determining operating param-
eters of the system set and forces within the set that the system
is part of. To perform this function, the operator generally has
extensive experience with operating the system and various
sets over the specified space and mission. This knowledge
may be needed to comply with prescribed operating param-
eters and speeds that may vary with the system set location
along the route. Moreover, the operator also may be respon-
sible for assuring in-set forces remain within designated lim-
its.

[0015] When operating a train, operators typically desig-
nate or assign the same notch setting for all locomotives,
which in turn may lead to a large variation in fuel consump-
tion and/or emission output, such as, but not limited to, NO,,
CO,, etc., depending on a number of locomotives powering
the train. Thus, the operator may not be able to operate the
locomotives so that the fuel consumption is minimized or
significantly reduced and the emission output is minimized or
significantly reduced for each trip because the size and load-
ing of trains vary and different locomotives of a train may
have different power availabilities.

[0016] With respect to a locomotive, even with knowledge
to assure safe operation, the operator may not be capable of
operating the locomotive so that the fuel consumption and
emissions is minimized or significantly reduced for each trip.
For example, other factors that may be considered include
emission output, the operator’s environmental conditions like
noise/vibration, a weighted combination of fuel consumption
and emissions output, etc. This is difficult to do since, as an
example, the size and loading of trains vary, locomotives and
their fuel/emissions characteristics are different, and weather
and traffic conditions vary.

[0017] Control of the powered system, such as a train, can
be exercised by an automatic control system that may deter-
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mine various system and mission parameters (e.g., the timing
and magnitude of tractive and braking applications) to control
the powered system. Alternatively, the train control system
may advise the operator of preferred control actions, with the
operator exercising control of the powered system in accor-
dance with the advised actions or in accordance with the
operator’s independent train control assessments.

[0018] The automatic control system generally uses a mis-
sion plan (or trip plan) that may be automatically developed
or modified to provide an optimized plan that improves (e.g.,
reduces) certain parameters, such as, but not limited to, emis-
sions, fuel used, etc., while meeting mission objectives, such
as, but not limited to, mission completion time, interactions
with other powered systems, etc. When planning a mission
that may be performed autonomously, which includes little to
no input from the operator when the mission is being per-
formed, an operator may verify the mission being planned.
Likewise, while the mission plan is being used in controlling
apowered vehicle, operator input may be required to monitor
operations and/or take control of the powered vehicle.
[0019] Because such powered systems as trains and/or
locomotives have notch settings, a developed mission plan
using the predefined notch settings may not result in an opti-
mum mission. Owners and/or operators of rail vehicles, off-
highway vehicles, marine powered propulsion plants, trans-
portation vehicles, agricultural vehicles, and/or stationary
diesel powered systems would appreciate the financial ben-
efits realized when these diesel powered systems improve
fuel efficiency, emission output, fleet efficiency, and mission
parameter performance.

[0020] Some known powered rail vehicle systems include
one or more powered units and, in certain cases, one or more
non-powered units. The powered units supply tractive force to
propel the powered units and non-powered units. The non-
powered units hold or store goods and/or passengers. “Non-
powered” unit generally encompasses any vehicle without an
on-board source of motive power, and also may be referred to
as a non-propulsion-generating vehicle while a powered unit
has an on-board source of motive power and may be referred
to as a propulsion-generating vehicle.

[0021] Someknown powered rail vehicle systems include a
rail vehicle system (e.g., train) having powered locomotives
and non-powered cars for conveying goods and/or passengers
along a track. The powered vehicle systems may include
several powered units. For example, the systems may include
a lead powered unit, such as a lead locomotive, and one or
more remote or trailing powered units, such as trailing loco-
motives, that are located behind and (directly or indirectly)
coupled with the lead powered unit. The lead and remote
powered units supply tractive force to propel the vehicle
system along a route, such as a track.

[0022] The tractive force required to convey the powered
units and non-powered units along the route may vary during
a trip. For example, due to various parameters that change
during a trip, the tractive force that is necessary to move the
vehicle system along the route may vary. These changing
parameters may include the curvature and/or grade of the
route, speed limits and/or requirements of the vehicle system,
and the like. As these parameters change during a trip, the
total tractive effort, or force, that is required to propel the
vehicle system along the track also changes.

[0023] While the required tractive effort may change dur-
ing a trip, the operators of these powered rail vehicle systems
do not have the ability to remotely turn the electrical power
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systems of remote powered units on or off during the trip. For
example, an operator in a lead locomotive does not have the
ability to remotely turn one or more of the trailing locomo-
tives’ electrical power on or off, if the tractive effort required
to propel the train changes during a segment of the trip while
the rail vehicle system is moving. Instead, the operator may
only have the ability to locally turn on or off the remote
powered units by manually boarding each such unit of the rail
vehicle system.

[0024] Some known powered rail vehicle systems provide
an operator in a lead locomotive with the ability to change the
throttle of trailing locomotives (referred to as distributed
power operations). But, these known systems do not provide
the operator with the ability to turn the trailing locomotives
off. Instead, the operator must turn down the throttle of the
trailing locomotives that he or she wants to turn off and wait
for an auto engine start/stop (AESS) device in the trailing
locomotives to turn the locomotives off. Some known AESS
devices do not turn the trailing locomotives off until one or
more engine- or motor-related parameters are within a pre-
determined range. For example, some known AESS devices
may not shut off the engine of a trailing locomotive until the
temperature of the engine decreases to a predetermined
threshold. If the time period between the operator turning
down the throttle of the trailing locomotives and the tempera-
ture of the engines decreasing to the predetermined threshold
is significant, then the amount of fuel that is unnecessarily
consumed by the trailing locomotives can be significant.
Known powered vehicle systems may include one or more
powered units (e.g., locomotives) and one or more non-pow-
ered units (e.g., freight cars or other rail cars). The powered
units supply tractive force to propel the powered units and
non-powered units. The non-powered units hold or store
goods and/or passengers, and are not capable of self-propul-
sion. For example, some known powered vehicle systems
have locomotives and rail cars for conveying goods and/or
passengers along a track. Some known powered rail vehicle
systems include several powered units. For example, the sys-
tems may include a lead powered unit, such as a lead loco-
motive, and one or more remote powered units, such as trail-
ing locomotives, that are located behind and coupled with the
lead powered unit. The lead and remote powered units supply
tractive force to propel the system along the track.

[0025] The remote powered units may be organized in
motive power groups referred to as consists. (Generally, a
consist is a group of vehicles that are mechanically linked
together to travel along a route. As part of a train or other
larger consist, a motive power group of remote powered units
would be considered a sub-consist or remote consist.) The
lead powered unit can control the tractive efforts of the remote
powered units in consist. The remote powered units in consist
can consume fuel during a trip of the vehicle system. To
reduce the amount of fuel consumed by the remote vehicles,
one or more operational modes of the consist may be changed
during operation.

[0026] However, changing operational modes ofthe consist
may result in fluctuations of various components or systems
of'the consist. For example, changing operational modes may
cause voltage fluctuations in electrical circuits of the consist,
fluctuations in hydraulic pressures of the consist, or the like.
These fluctuations may be incompatible with certain
on-board control and/or communication systems of the con-
sist. As a result, the on-board systems may be unable to
operate due to the fluctuations.
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[0027] Additionally, some known rail vehicle systems may
include more horsepower that is necessary to enable the
vehicle systems to travel over a route to a destination location.
For example, the operators that combine several locomotives
into a consist of a train may add more locomotives to the train
than is necessary. The total horsepower provided by the loco-
motives may exceed what is needed to allow the train to travel
to a destination. The additional locomotives cause additional
consumption of fuel and/or generation of additional emis-
sions, which is generally undesirable.

[0028] It may be desirable to have a vehicle control system
and method that differs in function from those systems that
are currently available.

BRIEF DESCRIPTION

[0029] Embodiments of the inventive subject matter
described herein include a method and computer software
code for powering a powered system having a first power
generating unit where power settings for the first power gen-
erating unit are decoupled from power settings for a second
power generating unit. The method discloses developing a
power operating plan which is independent of a coupled
power setting, and determining a power setting responsive to
the power operating plan.

[0030] The computer software code discloses a computer
software module for developing a power operating plan
which is independent of a coupled power setting, and a com-
puter software module for determining a power setting
responsive to the power operating plan.

[0031] Inone aspect of the inventive subject matter, a con-
trol system includes an energy management system and an
isolation control system. The energy management system is
configured to generate a trip plan that designates operational
settings of a vehicle system having plural powered units inter-
connected with one another that generate tractive effort to
propel the vehicle system along a route for a trip. The energy
management system also is configured to determine a tractive
effort capability of the vehicle system and a demanded trac-
tive effort of the trip. The tractive effort capability is repre-
sentative of the tractive effort that the powered units are
capable of providing to propel the vehicle system. The
demanded tractive effort is representative of the tractive effort
that is calculated to be used for actually propelling the vehicle
system along the route for the trip according to the trip plan.
The isolation control system is configured to be communica-
tively coupled with the energy management system and to
remotely turn one or more of the powered units to an OFF
mode. The OFF mode can include the one or more powered
units being turned to idle, or to being fully off and deactivated,
as described below. The energy management system also is
configured to identify a tractive effort difference between the
tractive effort capability of the vehicle system and the
demanded tractive effort of the trip and to select at least one of
the powered units as a selected powered unit based on the
tractive effort difference. The isolation module also is con-
figured to remotely turn the selected powered unit to the OFF
mode such that the vehicle system is propelled along the route
during the trip by the powered units other than the selected
powered unit.

[0032] In one aspect of the inventive subject matter, a
method (e.g., for controlling a vehicle system) comprises
determining a tractive effort capability of a vehicle system
having plural powered units that generate tractive effort to
propel the vehicle system and a demanded tractive effort of a
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trip. The tractive effort capability is representative of the
tractive effort that the powered units are capable of providing
to propel the vehicle system. The demanded tractive effort is
representative of the tractive effort that is calculated to be
used for actually propelling the vehicle system along a route
for the trip according to a trip plan. The trip plan designates
operational settings of the vehicle system to propel the
vehicle system along the route for the trip. The method also
includes identifying a tractive effort difference between the
tractive effort capability of the vehicle system and the
demanded tractive effort of the trip, selecting at least one of
the powered units as a selected powered unit based on the
tractive effort difference, and remotely turning the selected
powered unit to an OFF mode such that the vehicle system is
propelled along the route during the trip by the powered units
other than the selected powered unit.

[0033] In one aspect, another control system includes an
energy management system and an isolation control system.
The energy management system is configured to generate a
trip plan that designates operational settings of a vehicle
system having plural powered units interconnected with one
another that generate tractive effort to propel the vehicle
system along a route for a trip. Each of the powered units is
associated with a respective tractive effort capability repre-
sentative of a maximum horsepower that can be produced by
the powered unit during travel. The isolation control system is
configured to be communicatively coupled with the energy
management system and to remotely turn one or more of the
powered units to an OFF mode. The energy management
system also is configured to determine a total tractive effort
capability of the powered units in the vehicle system and a
demanded tractive effort representative of the tractive effort
that is calculated to be used for actually propelling the vehicle
system along the route for the trip according to the trip plan.
The energy management system is configured to select a first
powered unit from the powered units based on an excess of
the total tractive effort capability of the powered units over the
demanded tractive effort of the trip. The isolation control
system is configured to remotely turn the first powered unit to
an OFF mode such that the vehicle system is propelled along
the route during the trip without tractive effort from the first
powered unit.

[0034] In one aspect of a method (e.g., a method for con-
trolling a vehicle consist), the method comprises, in a vehicle
consist comprising plural powered units, controlling one or
more of the powered units to an OFF mode of operation. The
one or more powered units are controlled to the OFF mode of
operation from a start of a trip of the vehicle consist along a
route at least until a completion of the trip. During the trip
when the one or more powered units are in the OFF mode of
operation, the one or more powered units would be capable of
providing tractive effort to help propel the vehicle consist.
(For example, the powered units controlled to the OFF mode
are not disabled or otherwise incapable of providing tractive
effort.) In another embodiment of the method, in the OFF
mode of operation, engine(s) of the one or more powered
units are deactivated.

[0035] Inone aspect, a control system comprises an energy
management system configured to generate a trip plan for
controlling a vehicle system having plural powered units
along a route for a trip. The energy management system is
further configured to determine a tractive effort difference
between a tractive effort capability of the vehicle system and
a demanded tractive effort of the trip. The tractive effort
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capability is representative of the tractive effort that the pow-
ered units are capable of providing to propel the vehicle
system, and the demanded tractive effort is representative of
the tractive effort that is calculated to be used for actually
propelling the vehicle system along the route for the trip
according to the trip plan. The energy management system is
further configured to generate the trip plan such that accord-
ing to the trip plan, at least one of the powered units is to be
controlled to an OFF mode during at least part of the trip. (For
example, the trip plan is configured such that when the trip
plan is executed, the at least one of the powered units is
designated to be in the OFF mode of operation.) The energy
management system is configured to select the at least one of
the powered units based on the tractive effort difference.
[0036] Inanother aspect, a control system for a rail vehicle
system including a lead powered unit and a remote powered
unit is provided. The system includes a user interface, a mas-
ter isolation module, and a slave controller. The user interface
is disposed in the lead powered unit and is configured to
receive an isolation command to turn on or off the remote
powered unit. The master isolation module is configured to
receive the isolation command from the user interface and to
communicate an instruction based on the isolation command.
The slave controller is configured to receive the instruction
from the master isolation module. The slave controller causes
the remote powered unit to supply tractive force to propel the
rail vehicle system when the instruction directs the slave
controller to turn on the remote powered unit. The slave
controller causes the remote powered unit to withhold the
tractive force when the instruction directs the slave controller
to turn off the remote powered unit.

[0037] In another aspect, a method for controlling a rail
vehicle system that includes a lead powered unit and a remote
powered unit is provided. The method includes providing a
user interface in the lead powered unit to receive an isolation
command to turn on or off the remote powered unit and a slave
controller in the remote powered unit. The method also
includes communicating an instruction based on the isolation
command to the slave controller and directing the slave con-
troller to cause the remote powered unit to supply tractive
force to propel the rail vehicle system when the instruction
directs the slave controller to turn on the remote powered unit
and to cause the remote powered unit to withhold the tractive
force when the instruction directs the slave controller to turn
off the remote powered unit.

[0038] In another aspect, a computer readable storage
medium for a control system of a rail vehicle system is having
a lead powered unit and a remote powered unit is provided.
The lead powered unit includes a microprocessor and the
remote powered unit includes a slave isolation module and a
slave controller. The computer readable storage medium
includes instructions to direct the microprocessor to receive
an isolation command to turn on or off the remote powered
unit. The instructions also direct the microprocessor to com-
municate an instruction based on the isolation command. The
slave controller receives the instruction to cause the remote
powered unit to supply tractive force to propel the rail vehicle
system when the instruction directs the slave controller to turn
on the remote powered unit and to withhold the tractive force
when the instruction directs the slave controller to turn off the
remote powered unit.

[0039] In another aspect, a method for controlling a train
having a lead locomotive and a remote locomotive is pro-
vided. The method includes communicating an instruction
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that relates to an operational state of the remote locomotive
from the lead locomotive to the remote locomotive. The
method also includes controlling an engine of the remote
locomotive at the remote locomotive based on the instruction
into one of an on operational state and an off operational state.
The engine does not combust fuel during at least a portion of
a time period when the engine is in the off operational state.
[0040] As should be appreciated, the control system,
method, and computer readable storage medium remotely
adjust the tractive force provided by powered units in a pow-
ered rail vehicle system by turning powered units in the sys-
tem on or off. Such a system, method, and computer readable
storage medium can improve some known rail vehicle sys-
tems by reducing the amount of fuel that is consumed during
a trip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] A more particular description of the inventive sub-
ject matter briefly described above will be rendered by refer-
enceto specific embodiments thereof that are illustrated in the
appended drawings. Understanding that these drawings
depict only example embodiments and are not therefore to be
considered to be limiting of its scope, various embodiments
will be described and explained with additional specificity
and detail through the use of the accompanying drawings in
which:

[0042] FIG. 1 illustrates a flowchart of a method for trip
optimization;
[0043] FIG. 2 depicts a simplified a mathematical model of

a powered system that may be employed in one or more
embodiments;

[0044] FIG. 3 depicts one embodiment of elements for trip
optimization;

[0045] FIG. 4 depicts one embodiment of a fuel-use/travel
time curve;

[0046] FIG. 5 depicts one embodiment of segmentation
decomposition for trip planning;

[0047] FIG. 6 depicts another embodiment of a segmenta-
tion decomposition for trip planning;

[0048] FIG.7 depicts another flowchart of a method for trip
optimization;

[0049] FIG. 8 illustrates a dynamic display for use by an
operator,

[0050] FIG. 9 illustrates a dynamic display for use by the
operator,

[0051] FIG. 10 depicts another illustration of a dynamic

display for use by the operator;

[0052] FIG. 11 depicts one embodiment of a network of
routes with multiple vehicles;

[0053] FIG. 12 depicts one embodiment of a flowchart of a
method for improving fuel efficiency of a train;

[0054] FIG. 13 depicts a block diagram of elements
included in a system for improved train power makeup;
[0055] FIG. 14 depicts a block diagram of a transfer func-
tion for determining a fuel efficiency and emissions for a
diesel powered system;

[0056] FIG. 15 depicts one embodiment of a flowchart of a
method for determining a configuration of a diesel powered
system having at least one power generating unit;

[0057] FIG. 16 depicts one embodiment of a closed-loop
system for operating a rail vehicle;

[0058] FIG. 17 depicts the closed-loop system of FIG. 16
integrated with a master control unit;
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[0059] FIG. 18 depicts one embodiment of a closed-loop
system for operating a rail vehicle integrated with another
input operational subsystem of the rail vehicle;

[0060] FIG. 19 depicts another embodiment of the closed-
loop system with a converter which may command operation
of the master controller;

[0061] FIG. 20 depicts another embodiment of a closed-
loop system;
[0062] FIG. 21 depicts one embodiment of a flowchart of a

method for operating a powered system;

[0063] FIG. 22 depicts a flowchart of a method for operat-
ing a rail vehicle in a closed-loop process;

[0064] FIG. 23 depicts an embodiment of a speed versus
time graph comparing current operations to emissions opti-
mized operation;

[0065] FIG. 24 depicts a modulation pattern compared to a
given notch level;

[0066] FIG. 25 depicts a flowchart for determining a con-
figuration of a diesel powered system;

[0067] FIG. 26 depicts a system for reducing emission out-
put;
[0068] FIG. 27 depicts a system for reducing emission out-

put from a diesel powered system;

[0069] FIG. 28 depicts a method for operating a diesel
powered system having at least one diesel-fueled power gen-
erating unit;

[0070] FIG. 29 depicts a block diagram of a system oper-
ating a diesel powered system having at least one diesel-
fueled power generating unit;

[0071] FIG. 30 depicts a three dimensional graph illustrat-
ing one embodiment for providing decoupled power settings;

[0072] FIG. 31 depicts a three dimensional graph illustrat-
ing another embodiment for providing decoupled power set-
tings;

[0073] FIG. 32 depicts a three dimensional graph illustrat-

ing another embodiment for providing decoupled power set-
tings;

[0074] FIG. 33 depicts a flowchart illustrating one embodi-
ment for providing decoupled power settings;

[0075] FIG. 34 depicts a flowchart illustrating another
embodiment for providing decoupled power settings;

[0076] FIG. 35 is a schematic illustration of a rail vehicle
system that incorporates an isolation control system con-
structed in accordance with one embodiment;

[0077] FIG. 36 is a schematic illustration of an isolation
control system in accordance with one embodiment;

[0078] FIG. 37 is a schematic diagram of an isolation con-
trol system in accordance with another embodiment;

[0079] FIG. 38 is a flowchart for a method of controlling a
rail vehicle system that includes a lead powered unit and a
remote powered unit in accordance with one embodiment;
[0080] FIG. 39 is a schematic illustration of another
embodiment of a vehicle system;

[0081] FIG. 40 is a schematic illustration of one embodi-
ment of a lead powered unit in the vehicle system shown in
FIG. 39;

[0082] FIG. 41 is a schematic illustration of one embodi-
ment of a remote powered unit;

[0083] FIG. 42 is a schematic illustration of a consist of
remote vehicles in accordance with another embodiment;
[0084] FIG. 43 illustrates example timelines of a switching
procedure for changing modes of operation in a consist;
[0085] FIG. 44 is a schematic view of a transportation net-
work in accordance with one embodiment;
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[0086] FIG. 45 is a schematic illustration of a remote
vehicle in accordance with another embodiment; and

[0087] FIG. 46 is a flowchart of one embodiment of a
method for remotely changing a mode of operation of one or
more remote vehicles in a vehicle system.

DETAILED DESCRIPTION

[0088] Reference will now be made in detail to various
embodiments, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numerals used throughout the drawings refer to the same
or like parts.

[0089] Though some embodiments are described with
respect to rail vehicles, or railway transportation systems,
specifically trains and locomotives having diesel engines,
embodiments may also be applicable for other uses, such as,
but not limited to, oft-highway vehicles, marine vessels, sta-
tionary units, agricultural vehicles, transport buses, each of
which may use at least one diesel engine, or diesel internal
combustion engine. Additionally the vehicles disclosed
herein may also be electric powered vehicles, for example an
electric powered locomotive. A mission may include a task or
requirement to be performed by the powered system. For
example, with respect to railway, marine, transport vehicles,
agricultural vehicles, or off-highway vehicle applications, a
mission may include the movement of the system from a
present location to a destination and/or any location there
between, such as a trip of the powered system. In the case of
stationary applications, such as, but not limited to, a station-
ary power generating station or network of power generating
stations, a mission may refer to an amount of wattage (e.g.,
MW/hr) or other parameter or requirement to be satisfied by
the diesel powered system. An operating condition of the
diesel-fueled power generating unit may include one or more
of speed, load, fueling value, timing, etc.

[0090] The foregoing summary, as well as the following
detailed description of certain embodiments of the inventive
subject matter, will be better understood when read in con-
junction with the appended drawings. To the extent that the
figures illustrate diagrams of the functional blocks of various
embodiments, the functional blocks are not necessarily
indicative of the division between hardware circuitry. Thus,
for example, one or more of the functional blocks (for
example, processors or memories) may be implemented in a
single piece of hardware (for example, a circuit or circuitry
that includes and/or is coupled with one or more processors,
microcontrollers, random access memories, hard disks, and
the like). Similarly, the programs may be stand alone pro-
grams, may be incorporated as subroutines in an operating
system, may be functions in an installed software package,
and the like. The various embodiments are not limited to the
arrangements and instrumentality shown in the drawings.
[0091] 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, refer-
ences to “one embodiment” of the inventive subject matter are
not intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited fea-
tures. Moreover, unless explicitly stated to the contrary,
embodiments “including,” “comprising,” or “having” (and
various forms thereof) an element or a plurality of elements
having a particular property may include additional such
elements not having that property.
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[0092] As used herein, the term “vehicle system” includes
two or more vehicles that operate together to travel along a
route. The term “consist” can refer to a group of vehicles that
are mechanically and/or logically linked together to travel
along a route. According to various aspects of the invention, a
consist may be defined based on one or more ofthe following:
mechanical linkages, where vehicles in a consist are mechani-
cally linked and adjacent to at least one other vehicle in the
consist; electrical linkages, where vehicles are electrically
linked for possibly transferring electrical power between the
vehicles; and/or operational/functional linkages, where plu-
ral vehicles are controlled in a coordinated manner, e.g.,
certain modes of distributed power operations. As one
example, in a rail vehicle context, a locomotive consist com-
prises plural locomotives that are mechanically (and possibly
electrically) linked together, with each locomotive linked and
adjacent to at least one other locomotive in the consist. For
example, a consist of vehicles, or a vehicle consist, may
include two or more vehicles that are mechanically coupled
with each other and/or that communicate with each other over
one or more wired and/or wireless connections to coordinate
control of tractive efforts and/or braking efforts of the
vehicles in the consist. A vehicle system can include one or
more vehicle consists, such as a train that includes two or
more motive power groups formed from two or more loco-
motives mechanically linked together with each other. The
term “lead vehicle” refers to a vehicle that controls operations
of one or more vehicles in the vehicle system, and does not
necessarily mean the vehicle disposed at a front or leading
end of a vehicle system. For example, a lead locomotive in a
train may not be disposed at the front end of a train. The term
“remote vehicle” refers to a vehicle other than the lead vehicle
in a vehicle system. For example, a remote vehicle may
include a locomotive thatis controlled by a lead locomotive in
a train. The term “remote” does not require a predetermined
spacing or separation between items. For example, a remote
vehicle may be directly coupled with a lead vehicle.

[0093] Though diesel powered systems are disclosed,
embodiments may also be utilized with non-diesel powered
systems, such as, but not limited to, natural gas powered
systems, bio-diesel powered systems, electrically powered
systems, etc. Furthermore, as disclosed herein such non-die-
sel powered systems, as well as diesel powered systems, may
include multiple engines, other power sources, and/or addi-
tional power sources, such as, but not limited to, battery
sources, voltage sources (e.g., capacitors), chemical sources,
pressure based sources (e.g., spring and/or hydraulic expan-
sion), current sources (e.g., inductors), inertial sources (e.g.,
flywheel devices), gravitational-based power sources, and/or
thermal-based power sources.

[0094] Inone embodiment involving marine vessels, a plu-
rality of tugs may be operating together where all are moving
the same larger vessel, where each tug is linked in time to
accomplish the mission of moving the larger vessel. In
another example, a single marine vessel may have a plurality
of'engines. Off Highway Vehicle (OHV) may involve a fleet
of vehicles that have a same mission to move earth, from
location A to location B, where each OHV is linked in time to
accomplish the mission. With respect to a stationary power
generating station, a plurality of stations may be grouped
together collectively generating power for a specific location
and/or purpose. In another embodiment, a single station is
provided, but with a plurality of generators making up the
single station. In one example involving locomotive vehicles,
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a plurality of diesel powered systems may be operating
together where all are moving the same larger load, where
each system is linked in time to accomplish the mission of
moving the larger load. In another embodiment, a locomotive
vehicle may have more than one diesel powered system.
[0095] Embodiments may solve problems in the art by
decoupling a plurality of throttle commands in the powered
system from coupled power settings. With respect to locomo-
tives, embodiments may also be operable when the locomo-
tive consist is in distributed power operations.

[0096] An apparatus, such as a data processing system,
including a CPU, memory, /O, program storage, a connect-
ing bus, and other appropriate components, can be pro-
grammed or otherwise designed to facilitate the practice of
the method. Such a system would include appropriate pro-
gram means for executing the method.

[0097] Also, an article of manufacture, such as a pre-re-
corded disk or other similar computer program product, for
use with a data processing system, could include a storage
medium and program means recorded thereon for directing
the data processing system to facilitate the practice of the
method. Such apparatus and articles of manufacture also fall
within the spirit and scope of the claims.

[0098] A technical effect may be to decouple a plurality of
throttle commands from coupled power settings. Embodi-
ments are described hereinafter with reference to specific
implementations thereof. Embodiments may be described in
the general context of computer-executable instructions, such
as program modules, being executed by any device, such as,
but not limited to, a computer, designed to accept data, per-
form prescribed mathematical and/or logical operations usu-
ally at high speed, where results of such operations may or
may not be displayed. Generally, program modules include
routines, programs, objects, components, data structures, etc.
that performs particular tasks or implement particular
abstract data types. For example, the software programs can
be coded in different programming languages, for use with
different devices, or platforms. In the description that follows,
examples may be described in the context of a web portal that
employs a web browser. It will be appreciated, however, that
the principles that underlie one or more embodiments can be
implemented with other types of computer software tech-
nologies as well.

[0099] Moreover, one or more embodiments may be prac-
ticed with other computer system configurations, including
hand-held devices, multiprocessor systems, microprocessor-
based or programmable consumer electronics, minicomput-
ers, mainframe computers, and the like. One or more embodi-
ments may also be practiced in distributed computing
environments where tasks are performed by remote process-
ing devices that are linked through a communications net-
work. In a distributed computing environment, program mod-
ules may be located in both local and remote computer
storage media including memory storage devices. These local
and remote computing environments may be contained
entirely within the locomotive, or adjacent locomotives in
consist, or off-board in wayside or central offices where wire-
less communication is used.

[0100] As used herein, a locomotive consist may include
one or more locomotives in succession, connected together so
as to provide motoring and/or braking capability. The loco-
motives may be connected together where no train cars are in
between the locomotives. A train can have more than one
locomotive consists in the composition of the train. Specifi-
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cally, there can be a lead consist and more than one remote
consists, such as midway in the line of cars and another
remote consist at the end of the train. Each locomotive consist
may have a first locomotive and trail locomotive(s). A consist
group of locomotives may also be recognized as a consist
even when at least a car separates the locomotives, such as
when the locomotive consist is configured for distributed
power operation. In distributed power operation, throttle and
braking commands are relayed from the lead locomotive to
the remote trains by a radio link or physical cable. Accord-
ingly, the term locomotive consist should not be considered a
limiting factor when discussing multiple locomotives within
the same train.

[0101] As disclosed herein, a consist may also be appli-
cable when referring to such diesel powered systems as, but
not limited to, marine vessels, off-highway vehicles, trans-
portation vehicles, agricultural vehicles and/or stationary
power plants, that operate together so as to provide motoring,
power generation, and/or braking capability. Therefore even
though locomotive consist is used herein, this term may also
apply to other diesel powered systems. Similarly, sub-con-
sists may exist. For example, the diesel powered system may
have more than one diesel-fueled power generating unit. A
power plant may have more than one diesel electric power
unit where optimization may be at the sub-consist level. Like-
wise, a locomotive may have more than one diesel power unit.

[0102] As used herein, the term “optimize” (and forms
thereof) are not intended to require maximizing or minimiz-
ing a characteristic, parameter, or other object in all embodi-
ments described herein. Instead, “optimize™ and its forms are
intended to mean that a characteristic, parameter, or other
object is increased or decreased toward a designated or
desired amount. For example, “optimizing” fuel efficiency is
not limited to a complete absence of fuel consumption or that
the absolute minimum amount of fuel is consumed. Rather,
optimizing the fuel efficiency may mean that the fuel effi-
ciency is increased, but not necessarily maximized. However,
“optimizing” fuel efficiency can include reducing fuel con-
sumption to the minimum amount possible. As another
example, optimizing emission generation may not mean com-
pletely eliminating the generation of all emissions. Instead,
optimizing emission generation may mean that the amount of
emissions generated is reduced but not necessarily elimi-
nated. However, optimizing emission generation can include
reducing the amount of emissions generated to a minimum
amount possible. In one embodiment, “optimizing” a charac-
teristic, parameter, or other object includes increasing or
decreasing the characteristic, parameter, or object (as appro-
priate) during performance of a mission (e.g., a trip) such that
the characteristic, parameters, or object is increased or
decreased (as appropriate) relative to performing the same
mission in another way. For example, the powered system
traveling along a trip according to an optimized trip plan can
result in the powered system consuming less fuel and/or
generating fewer emissions relative to traveling along the
same trip according to another, different trip plan.

[0103] Embodiments can be implemented in numerous
ways, including as a system (including a computer processing
system), a method (including a computerized method), an
apparatus, a computer readable medium, a computer program
product, a graphical user interface, including a web portal, or
a data structure tangibly fixed in a computer readable
memory. Several embodiments are discussed below.
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[0104] FIG. 1 illustrates a flowchart of one embodiment.
Although the following is with specific reference to a rail
vehicle system, such as a train having one or more locomo-
tives, the following may be applicable to other power gener-
ating units and systems as described herein. As illustrated,
instructions are input specific to planning a trip either on
board or from a remote location, such as a dispatch center 10.
Such input information includes, but is not limited to, train
position, consist description (such as locomotive models),
locomotive power description, performance of locomotive
traction transmission, consumption of engine fuel as a func-
tion of output power, cooling characteristics, the intended trip
route (effective track grade and curvature as function of mile-
post or an “effective grade” component to reflect curvature
following standard railroad practices), car makeup and load-
ing together with effective drag coefficients, and trip desired
parameters including, but not limited to, start time and loca-
tion, end location, desired travel time, crew (user and/or
operator) identification, crew shift expiration time, and route.

[0105] The data may be provided to a locomotive 42 of a
train 31 (FIG. 3) in a number of ways, such as, but not limited
to, an operator manually entering the data into the locomotive
42 via an on-board display, inserting a memory device such as
a hard card and/or USB drive containing the data into a
receptacle aboard the locomotive, and transmitting the infor-
mation via wireless communication from a central or wayside
location 41 (FIG. 3), such as a track signaling device and/or a
wayside device, to the locomotive 42. The locomotive 42 and
the train 31 load characteristics (e.g., drag) may also change
over the route (e.g., with altitude, ambient temperature and
condition of the rails and rail-cars), and the plan may be
updated to reflect such changes as needed by any of the
methods discussed above and/or by real-time autonomous
collection of locomotive/train conditions. Such changes
include, for example, changes in locomotive or train charac-
teristics that are detected by monitoring equipment on or off
board the locomotive(s) 42.

[0106] The track signal system determines an allowable
speed of the train. There are many types of track signal sys-
tems and the operating rules associated with each of the
signals. For example, some signals have a single light (on/
off), some signals have a single lens with multiple colors, and
some signals have multiple lights and colors. The signals can
indicate the track is clear and the train may proceed at a
designated speed. The signals can also indicate a reduced
speed or stop is required. The signals may indicate that the
reduction in the speed should occur immediately or by a
designated location (e.g. prior to the next signal or crossing).

[0107] The signal status is communicated to the train and/
or operator through various means. Some systems have cir-
cuits in the track and inductive pick-up coils on the locomo-
tives. Other systems have wireless communications systems.
Signal systems can also require the operator to visually
inspect the signal and take the appropriate actions.

[0108] The signaling system may interface with the on-
board signal system and adjust the locomotive speed accord-
ing to the inputs and the appropriate operating rules. For
signal systems that require the operator to visually inspect the
signal status, the operator screen will present the appropriate
signal options for the operator to enter based on the train’s
location. The type of signal systems and operating rules, as a
function of location, may be stored in an onboard database 63
(Figure [text missing or illegible when filed]
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[0109] Based on the specification data, an improved plan is
computed to produce atrip profile 12. The improved plan may
reduce fuel use and/or emissions produced subject to speed
limit constraints along the route with desired start and end
times. The trip profile contains a designated speed and power
(notch) settings for the train. The trip profile may be a func-
tion of distance and/or time. Train operating limits include,
but are not limited to, designated notch power settings, brake
settings, speed limits as a function of location, expected fuel
used, and emissions generated. In one embodiment, a value
for the notch setting is selected to obtain throttle change
decisions about once every 10 to 30 seconds. However, the
throttle change decisions may occur at a longer or shorter
duration, if needed and/or desired to follow an optimal (e.g.,
improved) or designated speed profile. Trip profiles may pro-
vide power settings for the train, either at the train level,
consist level and/or individual train level. Power may include
braking power, motoring power, and airbrake power. In
another embodiment, instead of operating at the traditional
discrete notch power settings, one embodiment may be able
to select a continuous power setting determined as optimal for
the profile selected. Thus, for example, if an optimal profile
specifies a notch setting of 6.8, instead of operating at notch
setting 7, the locomotive 42 can operate at 6.8. Allowing such
intermediate power settings may bring additional efficiency
benefits as described below.

[0110] The procedure used to compute the optimal profile
can be any number of methods for computing a power
sequence that drives the train 31 to reduce fuel and/or emis-
sions subject to locomotive operating and schedule con-
straints, as summarized below. In some cases, the trip profile
may be similar to another trip profile that was previously
determined, due to the similarity of the train configurations,
routes and/or environmental conditions. In these cases it may
be sufficient to identify a driving trajectory within a database
63 and attempt to follow the driving trajectory. When no
previously computed plan is suitable, methods to compute a
new one include, but are not limited to, direct calculation of
the optimal profile using differential equation models which
approximate the train physics of motion. The setup involves
selection of a quantitative objective function, commonly a
weighted sum (integral) of model variables that correspond to
rate of fuel consumption and emissions generation plus a term
to penalize excessive throttle variation.

[0111] An optimal control formulation is determined to
reduce the quantitative objective function subject to con-
straints including, but not limited to, speed limits, minimum
and/or maximum power (throttle) settings, and maximum
cumulative and/or instantaneous emissions. Depending on
planning objectives at any time, the problem may be setup
flexibly to reduce fuel subject to constraints on emissions and
speed limits, or to reduce emissions, subject to constraints on
fuel use and arrival time. Embodiments may also determine,
for example, a goal to reduce the total travel time without
constraints on total emissions or fuel use where such relax-
ation of constraints would be permitted or required for the
mission.

[0112] Throughout the document example equations and
objective functions are presented for reducing locomotive
fuel consumption. These equations and functions are for illus-
tration only as other equations and objective functions can be
employed to improve fuel consumption or to improve other
locomotive/train operating parameters.
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[0113] Mathematically, the problem to be solved may be
stated more precisely. The basic physics are expressed by:

dx . (1)
i v; x(0)

=0.0; x(T¢)

=D
dv_ T, G, R(v); v(0 @
T e, v) = Ga(x) — R(v); v(0)

=0.0; v(Ty)

=0.0

where x is the position of the train, v is the velocity of the
train, tis time (in miles, miles per hour and minutes or hours
as appropriate), and u is the notch (throttle) command input.
Further, D denotes the distance to be traveled; T is the desired
arrival time at distance D along the track; T, is the tractive
effort produced by the locomotive consist; G, is the gravita-
tional drag which depends on the train length; train makeup
and terrain on which the train is located; and R is the net speed
dependent drag of the locomotive consist and train combina-
tion. The initial and final speeds can also be specified, but
without loss of generality are taken to be zero here (train
stopped at beginning and end). The model is may be modified
to include other important dynamics such as the lag between
a change in throttle, u, and the resulting tractive effort or
braking. Using this model, an optimal control formulation is
set up to reduce the quantitative objective function subject to
constraints including but not limited to, speed limits and
minimum and maximum power (throttle) settings. Depend-
ing on planning objectives at any time, the problem may be
setup flexibly to reduce fuel subject to constraints on emis-
sions and speed limits, and/or to reduce emissions, subject to
constraints on fuel use and arrival time.

[0114] It is also possible to identitfy, for example, an oper-
ating goal to reduce the total travel time without constraints
on total emissions or fuel use where such relaxation of con-
straints would be permitted or required for the mission. Per-
formance measures can be expressed as a linear combination
of any of the following:

Ty (3)
m(i{lfF(u(t))dt — Minimize (e.g., reduce) total fuel consumption
ult

0

m(i{le — Minimize (e.g., reduce) Travel Time 4
ult

d ®
mmi; (ut = 1)
Minimize (e.g., reduce) notch jockeying (piecewise constant input)
Ty (6)

rr%i{lf(du/d[)zdt—
ult
0

Minimize (e.g,, reduce) notch jockeying (continous input)
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Replace the fuel term F in (1) with a term corresponding to
emissions production. For example for emissions:

Ty @
m(_l{l f E(u(r))dr — Minimize total emissions consumption
ult

0

In this equation, E is the quantity of emissions in gm/hphr for
each of the notches (or power settings). In addition, a mini-
mization could be done based on a weighted total of fuel and
emissions.

[0115] A commonly used and representative objective
function is thus

Ty s (OP)

m(i{lwlfF(u(t))dt+w3Tf+w2f(du/dt)2dt
ult
0 0

The coefficients of the linear combination depend on the
importance (weight) given to each of the terms. Note that in
equation (OP), u(t) is the optimizing variable that is the con-
tinuous notch position. If discrete notch is required, e.g. for
older locomotives, the solution to equation (OP) is dis-
cretized, which may result in lower fuel savings. Finding a
minimum time solution (a., set to zero and a., set to zero or a
relatively small value) is used to find a lower bound for the
achievable travel time (T =T, ). In this case, both u(t) and T,
are optimizing variables. The preferred embodiment solves
the equation (OP) for various values of T, with T>T,,, with
a5 set to zero. In this latter case, T,is treated as a constraint.
[0116] For those familiar with solutions to such problems,
it may be necessary to adjoin constraints, e.g. the speed limits
along the path:

O=v=SL(x) (8)

or when using minimum time as the objective, that an end
point constraint must hold, e.g., total fuel consumed must be
less than what is in the tank, e.g., via:

T ©)
0< fF(u(t))dt =Wp
0

where W is the fuel remaining in the tank at T, Bquation
(OP) can be in other forms and that what is presented above is
only one equation for use in an embodiment. For example, a
variation of equation (OP) may be required where multiple
power systems, diesel and/or non-diesel, are used to provide
multiple thrusters, such as those used when operating a
marine vessel.

[0117] Emissions may include cumulative emissions pro-
duced in the form of oxides of nitrogen (NOX), carbon oxides
(CO,), unburned hydrocarbons (HC), and particulate matter
(PM), etc. However, other emissions may include, but not be
limited to a maximum value of electromagnetic emission,
such as a limit on radio frequency (RF) power output, mea-
sured in watts, for respective frequencies emitted by the loco-
motive. Yet another form of emission is the noise produced by
the locomotive, typically measured in decibels (dB). An emis-
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sion requirement may be variable based on a time of day, a
time of year, and/or atmospheric conditions such as weather
or pollutant level in the atmosphere. Emission regulations
may vary geographically across a railroad system. For
example, an operating area such as a city or state may have
specified emission objectives, and an adjacent area may have
different emission objectives, for example a lower amount of
allowed emissions or a higher fee charged for a given level of
emissions.

[0118] Accordingly, an emission profile for a certain geo-
graphic area may be generated or modified to include
improved emission values for each of the regulated emissions
including in the profile to meet a predetermined emission
objective required for that area. Typically, for a locomotive,
these emission parameters are determined by, but not limited
to, the power (Notch) setting, ambient conditions, engine
control method, etc. Locomotives may be compliant with
EPA emission standards. Operation of the locomotive accord-
ing to a trip plan may be compliant with EPA emission stan-
dards. However, other regulations may also be applicable. For
example, regulations for CO, emissions may also be consid-
ered.

[0119] If one objective during a trip mission is to reduce
emissions, the control formulation, equation (OP), may be
amended to consider the objective. A key flexibility in the
optimization setup is that any or all of the trip objectives can
vary by geographic region or mission. For example, for a high
priority train, minimum time may be the only objective on one
route because it is high priority traffic. In another example
emission output could vary from state to state along the
planned train route.

[0120] To solve the resulting optimization problem, one or
more embodiments may transcribe a dynamic optimal control
problem in the time domain to an equivalent static mathemati-
cal programming problem with N decision variables, where
the number ‘N’ depends on the frequency at which throttle
and braking adjustments are made and the duration of the trip.
For typical problems, this N can be in the thousands. For
example in one embodiment, suppose a train is traveling a
172-mile (276.8 kilometers) stretch of track in the southwest
United States. Utilizing one embodiment, 7.6% saving in fuel
used may be realized when comparing a trip determined and
followed as describe herein versus an actual driver throttle/
speed history where the trip was determined by an operator.
The improved savings is realized because the optimization
produces a driving strategy with both less drag loss and little
or no braking loss compared to the trip plan of the operator.
[0121] In some embodiments, a simplified mathematical
model of the train may be employed, such as illustrated in
FIG. 2 and the equations discussed above. As illustrated,
certain set specifications, such as, but not limited to, informa-
tion about the consist, route information, train information,
and/or trip information, are considered to determine a profile,
preferably an optimized profile. Such factors included in the
profile include, but are not limited to, speed, distance remain-
ing in the mission, and/or fuel used. As disclosed herein, other
factors that may be included in the profile are notch setting
and time. One refinement to the profile is produced by driving
a more detailed model with the optimal power sequence gen-
erated, to test if other thermal, electrical, and mechanical
constraints are violated, leading to a modified profile with
speed versus distance that is closest to a run that can be
achieved without harming locomotive or train equipment,
e.g., satisfying additional implied constraints such as thermal
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and electrical limits on the locomotive and inter-car forces in
the train. The equations discussed herein may be utilized with
FIG. 2.

[0122] Referring back to FIG. 1, once the trip is started 12,
power commands are generated 14 to put the plan in motion.
One command may be for the locomotive to follow the opti-
mized power command 16 so as to achieve a designated
speed. A controller may obtain actual speed and power infor-
mation from the locomotive consist of the train 18. A closed-
loop calculation of corrections to optimize power may be
obtained to track the desired optimal speed. Such corrections
of' train operating limits can be made automatically or by the
operator, who always has ultimate control of the train.

[0123] In some cases, the model used in the optimization
may differ significantly from actual performance of the train.
This can occur for many reasons, including but not limited to,
extra cargo pickups or setouts, locomotives that fail in route,
and errors in the initial database 63 or data entry by the
operator. For these reasons a monitoring system is in place
that uses real-time train data to estimate locomotive and/or
train parameters in real time 20. The estimated parameters are
then compared to the assumed parameters used when the trip
was initially created 22. Based on any differences in the
assumed and estimated values, the trip may be re-planned 24,
should large enough savings accrue from a new plan.

[0124] Other reasons a trip may be re-planned include
directives from a remote location, such as dispatch and/or the
operator requesting a change in objectives to be consistent
with more global movement planning objectives. More global
movement planning objectives may include, but are not lim-
ited to, other train schedules, allowing exhaust to dissipate
from a tunnel, maintenance operations, etc. Another reason
may be due to an onboard failure of a component. Strategies
for re-planning may be grouped into incremental and signifi-
cant adjustments depending on the severity of the disruption,
as discussed in more detail below. In general, a “new” plan is
derived from a solution to the problem equation (OP)
described above, but frequently faster approximate solutions
can be found, as described herein.

[0125] In operation, the locomotive 42 may continuously
monitor system efficiency and continuously update the trip
plan based on the actual efficiency measured, whenever such
an update would improve trip performance. Re-planning
computations may be carried out entirely within the locomo-
tive(s) or fully or partially moved to a remote location, such as
dispatch or wayside processing facilities where wireless tech-
nology is used to communicate the plans to the locomotive 42.
One or more embodiments may also generate efficiency
trends that can be used to develop locomotive fleet data
regarding efficiency transfer functions. The fleet-wide data
may be used when determining the initial trip plan, and may
be used for network-wide optimization tradeoff when consid-
ering locations of a plurality oftrains. For example, the travel-
time fuel use tradeoff curve as illustrated in FIG. 4 reflects a
capability of a train on a particular route at a current time,
updated from ensemble averages collected for many similar
trains on the same route. Thus, a central dispatch facility
collecting curves like FIG. 4 from many locomotives could
use that information to better coordinate overall train move-
ments to achieve a system-wide advantage in fuel use or
throughput. As disclosed above, various fuel types, such as,
but not limited to, diesel fuel, heavy marine fuels, palm oil,
bio-diesel, etc., may be used.
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[0126] Furthermore, as disclosed above, various energy
storage devices may be used. For example, the amount of
power withdrawn from a particular source, such as a diesel
engine and batteries, could be optimized so that the maximum
fuel efficiency/emission, which may be an objective function,
is obtained. As further illustration suppose the total power
demand is 2000 horse power (HP) where the batteries can
supply 1500 HP and the engine can supply 4400 HP, the
optimum point could be when batteries are supplying 1200
HP and engine is supplying 200 HP.

[0127] Similarly, the amount of power may also be based
the amount of energy stored and the need of the energy in the
future. For example if there is long high demand coming for
power, the battery could be discharged at a slower rate. For
example if 1000 horsepower hour (HPhr) is stored in the
battery and the demand is 4400 HP for the next 2 hrs, it may
be optimum to discharge the battery at 800 HP for the next
1.25 hrs and take 3600 HP from the engine for that duration.
[0128] Various events in daily operations can lead to a need
to generate or modify a currently executing plan, where it
desired to keep the same trip objectives, for when a train is not
on schedule for planned meet or pass with another train and it
needs to make up time. Using the actual speed, power, and
location of the locomotive, a comparison is made between a
planned arrival time and the currently estimated (predicted)
arrival time 25. Based on a difference in the times, as well as
the difference in parameters (detected or changed by dispatch
or the operator), the plan is adjusted 26. This adjustment may
be made automatically following a railroad company’s desire
for how such departures from plan should be handled or
manually propose alternatives for the on-board operator and
dispatcher to jointly decide the best way to get back on plan.
Whenever a plan is updated but where the original objectives
remain the same, additional changes may be factored in con-
currently, e.g. new future speed limit changes, which could
affect the feasibility of recovering the original plan. In such
instances if the original trip plan cannot be maintained, or in
other words the train is unable to meet the original trip plan
objectives, other trip plan(s) may be presented to the operator
and/or remote facility, or dispatch.

[0129] A re-plan may also be made when it is desired to
change the original objectives. Such re-planning can be done
at either fixed preplanned times, manually at the discretion of
the operator or dispatcher, or autonomously when predefined
limits, such a train operating limits, are exceeded. For
example, if the current plan execution is running late by more
than a specified threshold, such as thirty minutes, one or more
embodiments can re-plan the trip to accommodate the delay
at expense of increased fuel as described above or to alert the
operator and dispatcher how much of the time can be made up
atall (i.e. what minimum time to go or the maximum fuel that
can be saved within a time constraint). Other triggers for
re-plan can also be envisioned based on fuel consumed or the
health of the power consist, including but not limited time of
arrival, loss of horsepower due to equipment failure and/or
equipment temporary malfunction (such as operating too hot
ortoo cold), and/or detection of gross setup errors, such in the
assumed train load. That is, if the change reflects impairment
in the locomotive performance for the current trip, these may
be factored into the models and/or equations used in the
optimization.

[0130] Changes in plan objectives can also arise from a
need to coordinate events where the plan for one train com-
promises the ability of another train to meet objectives and
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arbitration at a different level, e.g. the dispatch office is
required. For example, the coordination of meets and passes
may be further optimized through train-to-train communica-
tions. Thus, as an example, if a train knows that it is behind in
reaching a location for a meet and/or pass, communications
from the other train can notify the late train (and/or dispatch).
The operator can then enter information to recalculate the
train’s trip plan. One or more embodiments can also be used
at a high level, or network-level, to allow a dispatch to deter-
mine which train should slow down or speed up should a
scheduled meet and/or pass time constraint may not be met.
As discussed herein, this is accomplished by trains transmit-
ting data to the dispatch to prioritize how each train should
change its planning objective. A choice could depend either
from schedule or fuel saving benefits, depending on the situ-
ation.

[0131] For any of the manually or automatically initiated
re-plans, more than one trip plan may be presented to the
operator. One or more embodiments may present different
trip profiles to the operator, permitting the operator to select
the arrival time, and determine the corresponding fuel and/or
emission impact. Such information can also be provided to
the dispatch for similar consideration, either as a simple list of
alternatives or as a plurality of tradeoft curves such as illus-
trated in FIG. 4.

[0132] One or more embodiments may have the ability of
learning and adapting to key changes in the train and power
consist which can be incorporated either in the current plan
and/or for future plans. For example, one of the triggers
discussed above is loss of horsepower. When building up
horsepower over time, either after a loss of horsepower or
when beginning a trip, transition logic is utilized to determine
when desired horsepower is achieved. This information can
be saved in the locomotive database 61 for use in optimizing
either future trips or the current trip should loss of horsepower
occur again.

[0133] Likewise, inasimilar fashion where multiple thrust-
ers are available, each may need to be independently con-
trolled. For example, a marine vessel may have many force
producing elements, or thrusters, such as, but not limited to,
propellers. Each propeller may need to be independently con-
trolled to produce the optimum output. Therefore utilizing
transition logic, the trip optimizer may determine which pro-
peller to operate based on what has been learned previously
and by adapting to key changes in the marine vessel’s opera-
tion.

[0134] FIG. 3 depicts one embodiment of elements of that
may part of a trip optimizer system. A locator element 30 to
determine a location of the train 31 is provided. The locator
element 30 can be a GPS sensor, or a system of sensors, that
determine a location of the train 31. Examples of such other
systems may include, but are not limited to, wayside devices,
such as radio frequency automatic equipment identification
(RF AEI) Tags, dispatch, and/or video determination.
Another system may include the tachometer(s) aboard a loco-
motive and distance calculations from a reference point. As
discussed previously, a wireless communication system 47
may also be provided to allow for communications between
trains and/or with a remote location, such as dispatch. Infor-
mation about travel locations may also be transferred from
other trains.

[0135] A track characterization element 33 may provide
information about a track, such as grade, elevation, and cur-
vature information, is also provided. The track characteriza-
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tion element 33 may include an on-board track integrity data-
base 36. Sensors 38 are used to measure a tractive effort 40
being hauled by the locomotive consist 42, throttle setting of
the locomotive consist 42, locomotive consist 42 configura-
tion information, speed of the locomotive consist 42, indi-
vidual locomotive configuration, individual locomotive capa-
bility, etc. In one embodiment, the locomotive consist 42
configuration information may be loaded without the use of a
sensor 38, but is input by other approaches as discussed
above. Furthermore, an operability of the locomotives in the
consist may also be considered. For example, if one locomo-
tive in the consist is unable to operate above power notch level
5, this information is used when optimizing the trip plan.
[0136] Information from the locator element may also be
used to determine an appropriate arrival time of the train 31.
For example, if there is a train 31 moving along a track 34
toward a destination and no train is following behind it, and
the train has no fixed arrival deadline to adhere to, the locator
element, including but not limited to radio frequency auto-
matic equipment identification (RF AEI) Tags, dispatch, and/
or video determination, may be used to gage the exact loca-
tion of the train 31. Furthermore, inputs from these signaling
systems may be used to adjust the train speed. Using the
on-board track database, discussed below, and the locator
element, such as GPS, one or more embodiments can adjust
the operator interface to reflect the signaling system state at
the given locomotive location. In a situation where signal
states would indicate restrictive speeds ahead, the planner
may elect to slow the train to conserve fuel consumption.
[0137] Information from the locator element 30 may also
be used to change planning objectives as a function of dis-
tance to destination. For example, owing to inevitable uncer-
tainties about congestion along the route, “faster” time objec-
tives on the early part of a route may be employed as hedge
against delays that statistically occur later. If it happens on a
particular trip that delays do not occur, the objectives on a
latter part of the journey can be modified to exploit the built-in
slack time that was banked earlier, and thereby recover some
fuel efficiency. A similar strategy could be invoked with
respect to emissions restrictive objectives, e.g. approaching
an urban area.

[0138] As an example of the hedging strategy, if a trip is
planned from New York to Chicago, the system may have an
option to operate the train slower at either the beginning of the
trip or at the middle of the trip or at the end of the trip. One or
more embodiments may be able to optimize the trip plan to
allow for slower operation at the end of the trip since
unknown constraints (e.g., weather conditions, track mainte-
nance, etc.) may develop and become known during the trip.
As another consideration, if traditionally congested areas are
known, the plan is developed with an option to have more
flexibility around these traditionally congested regions.
Therefore, one or more embodiments may also consider
weighting/penalty as a function of time/distance into the
future and/or based on known/past experience. Planning and
re-planning a trip plan due weather conditions, track condi-
tions, other trains on the track, etc., may occur at any time
during the trip.

[0139] FIG. 3 further discloses other elements that may be
part of one or more embodiments. A processor 44 is provided
that is operable to receive information from the locator ele-
ment 30, track characterizing element 33, and sensors 38. An
algorithm 46 operates within the processor 44. The algorithm
46 is used to compute an optimized (e.g., improved) trip plan
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based on parameters involving the locomotive 42, train 31,
track 34, and the objectives of the mission as described above.
In one embodiment, the trip plan is base on a solution of
non-linear differential equations derived from physics with
simplifying assumptions that are provided in the algorithm.
The algorithm 46 has access to the information from the
locator element 30, track characterizing element 33 and/or
sensors 38 to create a trip plan reducing fuel consumption of
a locomotive consist 42, reducing emissions of a locomotive
consist 42, establishing a desired trip time, and/or ensuring
proper crew operating time aboard the locomotive consist 42.
In one embodiment, a driver (or controller element) 51 is also
provided. As discussed herein the controller element 51 may
be used for controlling the train as it follows the trip plan. In
one embodiment discussed further herein, the controller ele-
ment 51 makes train operating decisions automatically. In
another embodiment, the operator may be involved with
directing the train to follow the trip plan.

[0140] Accordingly, one or more embodiments may create
and/or subsequently modity the trip plan that is being
executed. This includes creating the initial plan when a long
distance is involved, owing to the complexity of the plan
optimization algorithm. When a total length of a trip profile
exceeds a given distance, an algorithm 46 may be used to
segment the mission wherein the mission may be divided by
waypoints. Though only a single algorithm 46 is discussed,
more than one algorithm may be used where the algorithms
may be connected together. The waypoint may include natu-
ral locations where the train 31 stops, such as, but not limited
to, sidings where a meet with opposing traffic, or pass with a
train behind the current train is scheduled to occur on single-
track rail, or at yard sidings or industry where cars are to be
picked up and set out, and locations of planned work. At such
waypoints, the train 31 may be required to be at the location
ata scheduled time and be stopped or moving with speed in a
specified range. The time duration from arrival to departure at
waypoints is called dwell time.

[0141] Someembodiments may be able to separate a longer
trip into smaller segments in a systematic way. In some
embodiments, the segments may be selected to begin at a
natural location, such as a stop or significant speed restriction,
or at key mileposts that define junctions with other routes.
Given a partition, or segment, selected in this way, a driving
profile is created for each segment of track as a function of
travel time taken as an independent variable, such as shown in
FIG. 4. The fuel used/travel-time tradeoff associated with
each segment can be computed prior to the train 31 reaching
that segment of track. A total trip plan can be created from the
driving profiles created for each segment. One or more
embodiments may distribute travel time amongst all the seg-
ments of the trip so that the total trip time satisfies one or more
objectives and total fuel consumed over all the segments
satisfies one or more objectives. A three-segment trip is dis-
closed in FIG. 6 and discussed below. However, it is under-
stood that the trip plan may include only a single segment that
represents the complete trip.

[0142] FIG. 4 depicts one embodiment of a fuel-use/travel
time curve. As mentioned previously, such a curve 50 may be
created when calculating a trip profile for various travel times
for each segment. That is, for a given travel time 49, fuel used
53 is the result of a computed driving profile as described
above. Once travel times for each segment are allocated, a
power/speed plan is determined for each segment from the
previously computed solutions. If there are any waypoint
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constraints on speed between the segments (e.g., a change in
a speed limit) the constraints are considered during creation
of'the optimal trip profile. If speed restrictions change in only
a single segment, the fuel use/travel-time curve 50 has to be
re-computed for only the segment changed. This reduces time
for having to re-calculate more parts, or segments, of the trip.
If the locomotive consist or train changes significantly along
the route, e.g. from loss of a locomotive or pickup or set-out
of cars, then driving profiles for all subsequent segments may
be recomputed creating new instances of the curve 50. These
new curves 50 would then be used along with new schedule
objectives to plan the remaining trip.

[0143] Once a trip plan is created as discussed above, a
trajectory of speed and power versus distance is used to reach
a destination with minimum fuel and/or emissions at the
required trip time. There are several ways in which to execute
the trip plan. As provided below in more detail, in a coaching
mode, information is displayed to the operator for the opera-
tor to follow to achieve the required power and speed deter-
mined according to the optimal trip plan. In the coaching
mode, the operating information is suggested operating con-
ditions that the operator should select. In another embodi-
ment, acceleration and maintaining a constant speed are per-
formed. However, when the train 31 is slowed, the operator is
responsible for applying a braking system 52. In another
embodiment, commands for powering and braking are pro-
vided as required to follow the desired speed-distance path.

[0144] Feedback control strategies are used to provide cor-
rections to the power control sequence in the profile to correct
for designated events (e.g., train load variations caused by
fluctuating head winds and/or tail winds). Errors may be
caused by an error in train parameters, such as, but not limited
to, train mass and/or drag, when compared to assumptions in
the optimized trip plan. Another type of error may occur with
information contained in the track database 36. Another pos-
sible error may involve un-modeled performance differences
due to the locomotive engine, traction motor thermal deration
and/or other factors. Feedback control strategies compare the
actual speed as a function of position to the speed in the
desired optimal profile. Based on this difference, a correction
to the optimal power profile is added to drive the actual
velocity toward the optimal profile. To assure stable regula-
tion, a compensation algorithm may be provided which filters
the feedback speeds into power corrections to assure closed-
performance stability is assured. Compensation may include
standard dynamic compensation to meet performance objec-
tives.

[0145] One or more embodiments may accommodate
changes in trip objectives. In one embodiment, to determine
the fuel-optimal trip from point A to point B where there are
stops along the way, and for updating the trip for the remain-
der of the trip once the trip has begun, a sub-optimal decom-
position method is usable for finding an optimal trip profile.
Using modeling methods the computation method can deter-
mine the trip plan with a designated travel time and desig-
nated initial and final speeds, so as to satisfy all the speed
limits and locomotive capability constraints when there are
stops. Though the following discussion is directed toward
improving fuel usage, it can also be applied to optimize other
factors, such as, but not limited to, emissions, schedule, crew
comfort, and load impact. The method may be used at the
outset in developing a trip plan, and more importantly to
adapting to changes in objectives after initiating a trip.
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[0146] As discussed herein, embodiments may employ a
setup as illustrated in the flowchart depicted in FIG. 5 and the
three-segment example depicted in detail in FIG. 6. As illus-
trated, the trip may be broken into two or more segments, T1,
T2, and T3. Though as discussed herein, it is possible to
consider the trip as a single segment. As discussed herein, the
segment boundaries may not result in equal segments.
Instead, the segments may use natural or mission specific
boundaries. Optimal trip plans may be pre-computed for each
segment. If fuel use versus trip time is the trip object to be met,
fuel versus trip time curves are built for each segment. As
discussed herein, the curves may be based on other factors,
wherein the factors are objectives to be met with a trip plan.
When trip time is the parameter being determined, trip time
for each segment is computed while satisfying the overall trip
time constraints. FIG. 6 illustrates speed limits for the three-
segment 200-mile (321.9 kilometers) trip 97. Further illus-
trated are grade changes over the 200-mile (321.9 kilometers)
trip 98. A combined chart 99 illustrating curves for each
segment of the trip of fuel used over the travel time is also
shown.

[0147] Using the optimal control setup described previ-
ously, the present computation method can find the trip plan
with specified travel time and initial and final speeds, so as to
satisfy all the speed limits and locomotive capability con-
straints when there are stops. Though the following detailed
discussion is directed toward optimizing fuel use, it can also
be applied to optimize other factors as discussed herein, such
as, but not limited to, emissions. One or more embodiments
may accommodate desired dwell time at stops and consider
constraints on earliest arrival and departure at a location as
may be required, for example, in single-track operations
where the time to arrive at or pass a siding is critical.

[0148] One or more embodiments may determine a fuel-
optimal trip from distance D, to D, ,, traveled in time T, with
M-1 intermediate stops at D, . . ., D, ;, and with the arrival
and departure times at these stops constrained by:

Lnin(D)S (D)=l (D)= A (10)

D+t (D)=t ()i=1, . . . M-1 an

Larr

where t,,,(D,), t,,(D,), and At, are the arrival, departure, and
minimum stop time at the i stop, respectively. Assuming that
fuel-optimality implies reducing stop time, therefore t,,,,(D,)
=t,,(D,)+At; which eliminates the second inequality above.
Suppose for each i=1, . . ., M, the fuel-optimal trip from D,_,
to D, for traveltimet, T,,,,,(1)<t<T,,,.(1), isknown. Let F,(t) be
the fuel-use corresponding to this trip. If the travel time from
D, , to D, is denoted T, then the arrival time at D, is given by:

i (12)
tanD) = ) (Tj+ Aty p)

=1

where At, is defined to be zero. The fuel-optimal trip from D,
to D, for travel time T is then obtained by finding T,, i=1, . .
. » M, which minimize or reduce:

M (13)
D FlT)Trin(D) < T < Tl
i=1
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subject to:

i (14
Enin) € 3 (Tj 4+ Al 1) < b (D) = A
=1
i=1,.. ,M-1
(15)

M
Z(Tj+Azj,l)=T
=1

[0149] Once a trip is underway, the fuel-optimal solution
for the remainder of a trip (originally from D, to D,,intime T)
may be re-determined when disturbances preclude following
the originally generated fuel-optimal solution. Let the current
distance and speed be x and v, respectively, where D, |<x<D,.
Also, let the current time since the beginning ofthe trip be t_,.
Then the fuel-optimal solution for the remainder of the trip
from x to D, ,, which retains the original arrival time at D, , is
obtained by finding T,, T,, j=i+1, . . . M, which minimize:

M (16)
F;(T;, X, V) + Z Fj(Tj)
=]
subject to:
inD) < oy + Ty = (D) = Aty an
k (18)
nin(k) = ger + T+ Y (T4 Atj1) < k) = At
=i
k=i+l, .., M-1
19

M
a4 Tid Y T+ ) =T

=t

Here, F,(t,x,v) s the fuel-used of the optimal trip from x to D,,
traveled in time t, with initial speed at x of v.

[0150] As discussed above, one way to enable more effi-
cient re-planning is to construct the optimal solution for a
stop-to-stop trip from partitioned segments. For the trip from
D, to D,, with travel time T,, choose a set of intermediate
points D, =1, . . ., N;=1. Let D,,=D, , and D,,=D,. Then
express the fuel-use for the optimal trip from D, ; to D, as:

N; 20)
Fi(t) = Z Sty = B j-15 Vi j1, Vij)

J=1

where f,(t,v, ;. ,,v,) is the fuel-use for the optimal trip from
D, to D, traveled in time t, with initial and final speeds of
v, .1 and v, Furthermore, t; is the time in the optimal trip
corresponding to distance D,;. By definition, t,5 ~t,,=T;. Since
the train is stopped at D5, and D5, v,o=V,5,=0.

[0151] The above expression enables the function F,(t) to
be alternatively determined by first determining the functions
(%), 1=j=N,, then finding T, 1<j<N; and v,;, 1<j<N,, which
minimize:
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N; 21
Fi(t)= Z ST vigjo1s vij)
1
subject to:
N; (22)
Sinser
=
Vinin = (i, ) < Vij = Vmax G, J) 23
j=1, . N —1
Vio = Vin; 24

By choosing D,; (e.g., at speed restrictions or meeting points),
V (1) =V oin(1,)) can be reduced, thus reducing the domain
over which f, (') needs to be known.

[0152] Based on the partitioning above, a simpler subopti-
mal re-planning approach than that described above is to
restrict re-planning to times when the train is at distance
points D, 1=i=M, 1=j=<N,. At point D, the new optimal trip
from D, to D, can be determined by finding t,;, j<k=N,, v,
j<k<N,, and 7,,,,, i<m=M, 1=n<N,_, v,,., i<m=M, 1=n<N,,,
which minimize or reduce:

mns

N M Nm (25)
Z S @i, Vit vie) + Z Z JonTomns Vimn—1> Vo)
k=j+1 m=i+l n=1
subject to:
N (26)
ninD) < Lt + D T < b (D) = AG
K=l
N n 27
tnin) S e+ Y Tt D T+ Al 1) < Dy (1) = A,
k=j+1 m=i+l
n=i+1,... ,M-1
N M (28)
fart ». Tt Y, Tu+ Ay ) =T
k=j+1 m=i+1
where:
Nm 29
Tn= Z Tonn
n=1

[0153] A further simplification is obtained by waiting on
the re-computation of T,,, i<m=M, until distance point D, is
reached. In this way, at points D,; between D, , and D, the
minimization above needs only be performed over T,,
7<k=N,, v,., j<k<N,. T, is increased as needed to accommo-
date any longer actual travel time from D,, to D, than
planned. This increase is later compensated, if possible, by
the re-computation of T,,, i<m=M, at distance point D.

[0154] With respect to the closed-loop configuration dis-
closed above, the total input energy that moves a train 31 from
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point A to point B may include the sum of four components,
e.g., a difference in kinetic energy between points A and B; a
difference in potential energy between points A and B; an
energy loss due to friction and other drag losses; and an
energy dissipated by the application of brakes. Assuming the
start and end speeds to be equal (e.g., stationary), the first
component is zero. Furthermore, the second component is
independent of driving strategy. Thus, it may be desirable to
reduce the sum of the last two components.

[0155] Following a constant speed profile may reduce drag
loss. Following a constant speed profile also may reduce a
total energy input when braking is not needed to maintain
constant speed. However, if braking is required to maintain
constant speed, applying braking just to maintain constant
speed will most likely increase total required energy because
of'the need to replenish the energy dissipated by the brakes. A
possibility exists that some braking may actually reduce total
energy usage ifthe additional brake loss is more than offset by
the resultant decrease in drag loss caused by braking, by
reducing speed variation.

[0156] After completing a re-plan from the collection of
events described above, a new optimal notch/speed plan can
be followed using the closed loop control described herein.
However, in some situations there may not be enough time to
carry out the segment decomposed planning described above,
and particularly when there are critical speed restrictions that
must be respected, an alternative is needed. One or more
embodiments may accomplish this with an algorithm referred
to as “smart cruise control”. The smart cruise control algo-
rithm is an efficient way to generate, on the fly, an energy-
efficient (hence fuel-efficient) sub-optimal prescription for
driving the train 31 over a known terrain. This algorithm
assumes knowledge of the position of the train 31 along the
track 34 at all times, as well as knowledge of the grade and
curvature of the track versus position. The method relies on a
point-mass model for the motion of the train 31, whose
parameters may be adaptively estimated from online mea-
surements of train motion as described earlier.

[0157] The smart cruise control algorithm has three princi-
pal components, specifically a modified speed limit profile
that serves as an energy-efficient (and/or emissions efficient
or any other objective function) guide around speed limit
reductions; an ideal throttle or dynamic brake setting profile
that attempts to balance between reducing speed variation and
braking; and a mechanism for combining the latter two com-
ponents to produce a notch command, employing a speed
feedback loop to compensate for mismatches of modeled
parameters when compared to reality parameters. Smart
cruise control can accommodate strategies that do not include
active braking (i.e. the driver is signaled and assumed to
provide the requisite braking) or a variant that does include
active braking.

[0158] With respect to the cruise control algorithm that
does not control dynamic braking, the three components are a
modified speed limit profile that serves as an energy-efficient
guide around speed limit reductions, a notification signal
directed to notify the operator when braking should be
applied, an ideal throttle profile that attempts to balance
between reducing speed variations and notifying the operator
to apply braking, a mechanism employing a feedback loop to
compensate for mismatches of model parameters to reality
parameters.

[0159] One or more embodiments may identify key param-
eter values of the train 31. For example, with respect to
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estimating train mass, a Kalman filter and a recursive least-
squares approach may be utilized to detect errors that may
develop over time.

[0160] FIG. 7 depicts a flowchart. As discussed previously,
a remote facility, such as a dispatch 60 can provide informa-
tion. As illustrated, such information is provided to an execu-
tive control element 62. Also supplied to the executive control
element 62 is locomotive modeling information database 63,
information from a track database 36 such as, but not limited
to, track grade information and speed limit information, esti-
mated train parameters such as, but not limited to, train
weight and drag coefficients, and fuel rate tables from a fuel
rate estimator 64. The executive control element 62 supplies
information to the planner 12, which is disclosed in more
detail in FIG. 1. Once a trip plan has been calculated, the plan
is supplied to a driving advisor, driver or controller element
51. The trip plan is also supplied to the executive control
element 62 so that it can compare the trip when other new data
is provided.

[0161] Asdiscussedabove, the driving advisor 51 can auto-
matically set a notch power, either a pre-established notch
setting or an optimum continuous notch power. In addition to
supplying a speed command to the locomotive 42, a display
68 is provided so that the operator can view what the planner
has recommended. The operator also has access to a control
panel 69. Through the control panel 69 the operator can
decide whether to apply the notch power recommended.
Toward this end, the operator may limit a targeted or recom-
mended power. That is, at any time the operator always has
final authority over what power setting the locomotive consist
will operate at. This includes deciding whether to apply brak-
ing if the trip plan recommends slowing the train 31. For
example, if operating in dark territory, or where information
from wayside equipment cannot electronically transmit infor-
mation to a train and instead the operator views visual signals
from the wayside equipment, the operator inputs commands
based on information contained in track database and visual
signals from the wayside equipment. Based on how the train
31 is functioning, information regarding fuel measurement is
supplied to the fuel rate estimator 64. Since direct measure-
ment of fuel flows is not typically available in a locomotive
consist, all information on fuel consumed so far within a trip
and projections into the future following optimal plans is
carried out using calibrated physics models such as those
used in developing the optimal plans. For example, such
predictions may include but are not limited to, the use of
measured gross horse-power and known fuel characteristics
and emissions characteristics to derive the cumulative fuel
used and emissions generated.

[0162] The train 31 also has a locator device 30 such as a
GPS sensor, as discussed above. Information is supplied to
the train parameters estimator 65. Such information may
include, but is not limited to, GPS sensor data, tractive/brak-
ing effort data, braking status data, speed and any changes in
speed data. With information regarding grade and speed limit
information, train weight and drag coefficients information is
supplied to the executive control element 62.

[0163] One or more embodiments may also allow continu-
ously variable power throughout the optimization planning
and closed loop control implementation. In a conventional
locomotive, power is typically quantized to eight discrete
levels. Modern locomotives can realize continuous variation
in horsepower which may be incorporated into the previously
described optimization methods. With continuous power, the
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locomotive 42 can further optimize operating conditions,
e.g., by reducing auxiliary loads and power transmission
losses, and fine tuning engine horsepower regions of opti-
mum efficiency, or to points of increased emissions margins.
Example include, but are not limited to, reducing cooling
system losses, adjusting alternator voltages, adjusting engine
speeds, and reducing number of powered axles. Further, the
locomotive 42 may use the on-board track database 36 and the
forecasted performance requirements to reduce auxiliary
loads and power transmission losses to provide optimum
efficiency for the target fuel consumption/emissions.
Examples include, but are not limited to, reducing a number
of powered axles on flat terrain and pre-cooling the locomo-
tive engine prior to entering a tunnel.

[0164] One or more embodiments may also use the on-
board track database 36 and the forecasted performance to
adjust the locomotive performance, such as to insure that the
train has sufficient speed as it approaches a hill and/or tunnel.
For example, this could be expressed as a speed constraint at
a particular location that becomes part of the optimal plan
generation created solving the equation (OP). Additionally,
one or more embodiments may incorporate train-handling
rules, such as, but not limited to, tractive effort ramp rates,
maximum braking effort ramp rates. These may be incorpo-
rated directly into the formulation for optimum trip profile or
alternatively incorporated into the closed loop regulator used
to control power application to achieve the target speed.
[0165] One embodiment may only be installed on a lead
locomotive of the train consist. Even though embodiments are
not dependant on data or interactions with other locomotives,
it may be integrated with a consist manager, as disclosed in
U.S. Pat. No. 6,691,957 and U.S. Pat. No. 7,021,588 (owned
by the Assignee and both incorporated by reference), func-
tionality and/or a consist optimizer functionality to improve
efficiency. Interaction with multiple trains is not precluded as
illustrated by the example of dispatch arbitrating two “inde-
pendently optimized” trains described herein.

[0166] Trains with distributed power systems can be oper-
ated in different modes. One mode is where all locomotives in
the train operate at the same notch command. So if the lead
locomotive is commanding motoring-N8, all units in the train
will be commanded to generate motoring-N8 power. Another
mode of operation is “independent” control. In this mode,
locomotives or sets of locomotives (e.g., locomotive consists)
distributed throughout the train can be operated at different
motoring or braking powers. For example, as a train crests a
mountaintop, the lead locomotives (or lead locomotive con-
sist) on the down slope of mountain may be placed in braking,
while the locomotives in the middle or at the end of the train
(or remote locomotive consist(s)) on the up slope of mountain
may be in motoring. This may be done to reduce tensile forces
on the mechanical couplers that connect the railcars and loco-
motives. Traditionally, operating the distributed power sys-
tem in “independent” mode required the operator to manually
command each remote locomotive or set of locomotives via a
display in the lead locomotive. Using the physics based plan-
ning model, train set-up information, on-board track data-
base, on-board operating rules, location determination sys-
tem, real-time closed loop power/brake control, and sensor
feedback, the system shall automatically operate the distrib-
uted power system in “independent” mode.

[0167] When operating in distributed power, the operator in
a lead locomotive can control operating functions of remote
locomotives in the remote consists via a control system, such
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as a distributed power control element. Thus when operating
in distributed power, the operator can command each loco-
motive consist to operate at a different notch power level (or
one consist could be in motoring and other could be in brak-
ing) wherein each individual locomotive in the locomotive
consist operates at the same notch power. In one embodiment,
when a notch power level for a remote locomotive consist is
desired as recommended by the trip plan, the embodiment
will communicate this power setting to the remote locomotive
consists for implementation. As discussed below, the same is
true regarding braking.

[0168] One or more embodiments may be used with con-
sists in which the locomotives are not contiguous, e.g., with 1
or more locomotives up front, others in the middle and at the
rear for train. Such configurations are called distributed
power wherein the standard connection between the locomo-
tives is replaced by radio link or auxiliary cable to link the
locomotives externally. When operating in distributed power,
the operator in a lead locomotive can control operating func-
tions of remote locomotives in the consist via a control sys-
tem, such as a distributed power control element. In particu-
lar, when operating in distributed power, the operator can
command each locomotive consist to operate at a different
notch power level (or one consist could be in motoring and
other could be in braking) wherein each individual in the
locomotive consist operates at the same notch power.

[0169] Inone embodiment, when a notch power level for a
remote locomotive consist is desired as recommended by the
optimized trip plan, one or more embodiments will commu-
nicate this power setting to the remote locomotive consists for
implementation. As discussed below, the same is true regard-
ing braking. When operating with distributed power, the opti-
mization problem previously described can be enhanced to
allow additional degrees of freedom, in that each of the
remote units can be independently controlled from the lead
unit. The value of this is that additional objectives or con-
straints relating to in-train forces may be incorporated into the
performance function, assuming the model to reflect the in-
train forces is also included. Thus, one or more embodiments
may include the use of multiple throttle controls to better
manage in-train forces as well as fuel consumption and emis-
sions.

[0170] In atrain utilizing a consist manager, the lead loco-
motive in a locomotive consist may operate at a different
notch power setting than other locomotives in that consist.
The other locomotives in the consist operate at the same notch
power setting. One or more embodiments may be utilized in
conjunction with the consist manager to command notch
power settings for the locomotives in the consist. Since the
consist manager divides a locomotive consist into two groups,
lead locomotive and trail units, the lead locomotive may be
commanded to operate at a designated notch power and the
trail locomotives may be commanded to operate at another
designated notch power. In one embodiment the distributed
power control element may be the system and/or apparatus
where this operation is housed.

[0171] Likewise, when a consist optimizer is used with a
locomotive consist, one or more embodiments can be used in
conjunction with the consist optimizer to determine notch
power for each locomotive in the locomotive consist. For
example, suppose that a trip plan recommends a notch power
setting of 4 for the locomotive consist. Based on the location
of the train, the consist optimizer will take this information
and then determine the notch power setting for each locomo-
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tive in the consist. In this implementation, the efficiency of
setting notch power settings over intra-train communication
channels is improved. Furthermore, as discussed above,
implementation of this configuration may be performed uti-
lizing the distributed control system.

[0172] Furthermore, as discussed previously, one or more
embodiments may be used for continuous corrections and
re-planning with respect to when the train consist uses brak-
ing based on upcoming items of interest, such as, but not
limited to, railroad crossings, grade changes, approaching
sidings, approaching depot yards, and approaching fuel sta-
tions where each locomotive in the consist may require a
different braking option. For example, if the train is coming
over a hill, the lead locomotive may have to enter a braking
condition whereas the remote locomotives, having not
reached the peak of the hill may have to remain in a motoring
state.

[0173] FIGS. 8, 9 and 10 depict illustrations of dynamic
displays for use by the operator. As provided, FIG. 8, a trip
profile is provided 72. Within the profile a location 73 of the
locomotive is provided. Such information as train length 105
and the number of cars 106 in the train is provided. Elements
are also provided regarding track grade 107, curve and way-
side elements 108, including bridge location 109, and train
speed 110. The display 68 allows the operator to view such
information and also see where the train is along the route.
Information pertaining to distance and/or estimate time of
arrival to such locations as crossings 112, signals 114, speed
changes 116, landmarks 118, and destinations 120 is pro-
vided. An arrival time management tool 125 is also provided
to allow the user to determine the fuel savings that is being
realized during the trip. The operator has the ability to vary
arrival times 127 and witness how this affects the fuel savings.
Fuel saving is an example of only one objective that can be
reviewed with a management tool. Toward this end, depend-
ing on the parameter being viewed, other parameters, dis-
cussed herein can be viewed and evaluated with a manage-
ment tool that is visible to the operator. The operator is also
provided information about how long the crew has been oper-
ating the train. Time and distance information may either be
illustrated as the time and/or distance until a particular event
and/or location. Displays may provide a total elapsed time.

[0174] As illustrated in FIG. 9 a display provides informa-
tion about consist data 130, an events and situation graphic
132, an arrival time management tool 134, and action keys
136. Similar information as discussed above is provided in
this display as well. This display 68 also provides action keys
138 to allow the operator to re-plan as well as to disengage
140 the trip optimizer.

[0175] FIG. 10 depicts another embodiment of the display.
Data typical of a modern locomotive including air-brake sta-
tus 72, analog speedometer with digital insert, and/or indica-
tor, 74, and information about tractive effort in pounds force
(or traction amps for DC locomotives) is visible. An indicator
74 is provided to show the current optimal speed in the plan
being executed as well as an accelerometer graphic to supple-
ment the readout in mph/minute. Important new data for
optimal plan execution is in the center of the screen, including
arolling strip graphic 76 with optimal speed and notch setting
versus distance compared to the current history of these vari-
ables. In this embodiment, location of the train is derived
using the locator element. As illustrated, the location is pro-
vided by identifying how far the train is away from its final
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destination, an absolute position, an initial destination, an
intermediate point, and/or an operator input.

[0176] The strip chart provides a look-ahead to changes in
speed required to follow the optimal plan, which is useful in
manual control, and monitors plan versus actual during auto-
matic control. As discussed herein, such as when in the coach-
ing mode, the operator can either follow or not follow the
suggested notch or speed. The vertical bar gives a graphic of
desired and actual notch, which are also displayed digitally
below the strip chart. When continuous notch power is uti-
lized, as discussed above, the display will simply round to
closest discrete equivalent, the display may be an analog
display so that an analog equivalent or a percentage or actual
horse power/tractive effort is displayed.

[0177] Critical information on trip status is displayed on the
screen, and shows the current grade the train is encountering
88, cither by the lead locomotive, a location elsewhere along
the train or an average over the train length. A distance trav-
eled so far in the plan 90, cumulative fuel used 92, where or
the distance away the next stop is planned 94, current and
projected arrival time 96 expected time to be at next stop are
also disclosed. The display 68 also shows the maximum pos-
sible time to destination possible with the computed plans
available. If a later arrival was required, a re-plan would be
carried out. Delta plan data shows status for fuel and schedule
ahead or behind the current optimal plan. Negative numbers
mean less fuel or early compared to plan, positive numbers
mean more fuel or late compared to plan, and typically trade-
off in opposite directions (slowing down to save fuel makes
the train late and conversely).

[0178] At all times these displays 68 gives the operator a
snapshot of where he stands with respect to the currently
instituted driving plan. This display is for illustrative purpose
only as there are many other ways of displaying/conveying
this information to the operator and/or dispatch. Toward this
end, the information disclosed above could be intermixed to
provide a display different than the ones disclosed.

[0179] Other features that may be included in various
embodiments include, but are not limited to, allowing for the
generating of data logs and reports. This information may be
stored on the train and downloaded to an off-board system at
some point in time. The downloads may occur via manual
and/or wireless transmission. This information may also be
viewable by the operator via the locomotive display. The data
may include such information as, but not limited to, operator
inputs, time system is operational, fuel saved, fuel imbalance
across locomotives in the train, train journey off course, sys-
tem diagnostic issues such as if GPS sensor is malfunction-
ing.

[0180] Since trip plans may also take into consideration
allowable crew operation time, various embodiments may
take such information into consideration as a trip is planned.
For example, if the maximum time a crew may operate is eight
hours, then the trip shall be fashioned to include stopping
location for a new crew to take the place of the present crew.
Such specified stopping locations may include, but are not
limited to rail yards, meet/pass locations, etc. If, as the trip
progresses, the trip time may be exceeded, embodiments may
be overridden by the operator to meet criteria as determined
by the operator. Ultimately, regardless of the operating con-
ditions of the train, such as, but not limited to, high load, low
speed, train stretch conditions, etc., the operator remains in
control to command a speed and/or operating condition of the
train.
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[0181] Using one or more embodiments, the train may
operate in a plurality of operations. In one operational con-
cept, the train may provide commands for commanding pro-
pulsion, dynamic braking. The operator then handles all other
train functions. In another operational concept, the train may
provide commands for commanding propulsion only. The
operator then handles dynamic braking and all other train
functions. In yet another operational concept, one embodi-
ment may provide commands for commanding propulsion,
dynamic braking and application of the airbrake. The opera-
tor then handles all other train functions.

[0182] One or more embodiments may also notify the
operator of upcoming items of interest or actions to be taken.
Specifically, the forecasting logic described herein, the con-
tinuous corrections and re-planning to the optimized trip plan,
the track database, may be used to notify the operator of
upcoming crossings, signals, grade changes, brake actions,
sidings, rail yards, fuel stations, etc. This notification may
occur audibly and/or through the operator interface.

[0183] Specifically using the physics based planning
model, train set-up information, on-board track database, on-
board operating rules, location determination system, real-
time closed loop power/brake control, and sensor feedback,
the system shall present and/or notify the operator of required
or suggested actions. The notification can be visual and/or
audible. Examples include notifying of crossings that require
the operator activate the locomotive horn and/or bell, notify-
ing of “silent” crossings that do not require the operator
activate the locomotive horn or bell.

[0184] In another embodiment, using the physics based
planning model discussed above, train set-up information,
on-board track database, on-board operating rules, location
determination system, real-time closed power/brake control,
and sensor feedback, embodiments may present the operator
information (e.g. a gauge on display) that allows the operator
to identify when the train will arrive at various locations as
illustrated in FIG. 9. The system shall allow the operator to
adjust the trip plan (target arrival time). This information
(actual estimated arrival time or information needed to derive
off-board) can also be communicated to the dispatch center to
allow the dispatcher or dispatch system to adjust the target
arrival times. This allows the system to quickly adjust and
optimize for the appropriate target function (for example
trading off speed and fuel usage).

[0185] FIG. 11 depicts one embodiment of a network of
railway tracks with multiple trains. In the railroad network
200, it is desirable to obtain an optimized fuel efficiency and
time of arrival for the overall network of multiple interacting
tracks 210, 220, 230, and trains 235, 236, 237. As illustrated
multiple tracks 210, 220, 230 are shown with a train 235, 236,
237 on each respective track. Though locomotive consists 42
are illustrated as part of the trains 235, 236, 237, the trains
may only have a single locomotive consist having a single
locomotive. As disclosed herein, a remote facility 240 may
also be involved with improving fuel efficiency and reducing
emissions of a train through optimized train power makeup.
This may be accomplished with a processor 245, such as a
computer, located at the remote facility 240. In another
embodiment a hand-held device 250 may be used to facilitate
improving fuel efficiency of the train 235, 236, 237 through
optimized train power makeup. Typically in either of these
approaches, configuring the train 235, 236, 237 usually
occurs at a hump, or rail, yard, more specifically when the
train is being compiled.
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[0186] However as discussed below, the processor 245 may
be located on the train 235, 236, 237 or aboard another train
wherein train setup may be accomplished using inputs from
the other train. For example, if a train has recently completed
amission over the same tracks, input from that train’s mission
may be supplied to the current train as it either is performing
and/or is about to begin its mission. Thus configuring the train
may occur at train run time, and even during the run time. For
example, real time configuration data may be utilized to con-
figure the train locomotives. One such example is provided
above with respect to using data from another train. Another
example entails using other data associated with trip optimi-
zation of the train as discussed above. Additionally the train
setup may be performed using input from a plurality of
sources, such as, but not limited to, a dispatch system, a
wayside system 270, an operator, an off-line real time system,
an external setup, a distributed network, a local network,
and/or a centralized network.

[0187] FIG. 12 depicts one embodiment of a flowchart for
improving fuel efficiency and reducing emission output
through optimized train power makeup. As disclosed above,
to reduce fuel use and emissions while preserving time
arrival, acceleration and matched breaking may be reduced.
Undesired emissions may also be reduced by powering a
minimal set of locomotives. For example, in a train with
several locomotives or locomotive consists, powering a mini-
mal set of locomotives at a higher power setting while putting
the remaining locomotives into idle, unpowered standby, or
an automatic engine start-stop (“AESS) mode as discussed
below, will reduce emissions. This is due, in part, because at
lower power setting such as notch 1-3, exhaust emissions
after-treatment devices (e.g., catalytic converters) located on
the locomotives are at a temperature below which these sys-
tems’ operations are optimal. Therefore, using the minimum
number of locomotives or locomotive consists to make the
mission on time, operating at high power settings will allow
for the exhaust emission treatment devices to operate at opti-
mal temperatures thus further reducing emissions.

[0188] The flowchart 500 provides for determining a train
load, at 510. When the engine is used in other applications, the
load is determined based on the engine configuration. The
train load may be determined with a load, or train load,
estimator 560, as illustrated in FIG. 13. In one embodiment
the train load is estimated based on information obtained as
disclosed in a train makeup docket 480, as illustrated in FIG.
11. For example, the train makeup docket 480 may be con-
tained in the computer 245 (illustrated in FIGS. 11 & 13)
wherein the processor 245 makes the estimation, or may be on
paper wherein an operator makes the estimation. The train
makeup docket 480 may include such information as, but not
limited to, number of cars, weight of the cars, content of the
cars, age of cars, etc. In another embodiment the train load is
estimated using historical data, such as, but not limited to,
prior train missions making the same trip, similar train car
configurations, etc. As discussed above, using historical data
may be accomplished with a processor or manually. In yet
another embodiment, the train load is estimated using a rule
of'thumb or table data. For example, the operator configuring
the train 235, 236, 237 may determine the train load required
based on established guideline such as, but not limited to, a
number of cars in the train, types of cars in the train, weight of
the cars in the train, an amount of products being transported
by the train, etc. This same rule of thumb determination may
also be accomplished using the processor 245.
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[0189] Identifying a mission time and/or duration for the
diesel power system, at 520, is disclosed. With respect to
engines used in other applications, identifying a mission time
and/or duration for the diesel power system may be equated to
defining the mission time which the engine configuration is
expected to accomplish the mission. A determination is made
about a minimum total amount of power required based on the
train load, at 530. The locomotive is selected to satisty the
minimum required power while yielding improved fuel effi-
ciency and/or reduced emission output, at 540. The locomo-
tive may be selected based on a type of locomotive (based on
its engine) needed and/or a number of locomotives (based on
anumber of engines) needed. Similarly, with respect to diesel
engines used in other power applications, such as, but not
limited to, marine, OHV, and stationary power stations, where
multiple units of each are used to accomplish an intended
mission unique for the specific application.

[0190] Toward this end, a trip mission time determinator
570, as illustrated in FIG. 13, may be used to determine the
mission time. Such information that may be used includes,
but not limited to, weather conditions, track conditions, etc.
The locomotive makeup may be based on types of locomo-
tives needed, such as based on power output, and/or a mini-
mum number of locomotives needed. For example, based on
the available locomotives, a selection is made of those loco-
motives that just meet the total power required. Toward this
end, as an example, if ten locomotives are available, a deter-
mination of the power output from each locomotive is made.
Based on this information, the fewest number and type of
locomotives needed to meet the total power requirements are
selected. For example the locomotives may have different
horse power (HP) ratings or starting Tractive Effort (TE)
ratings. In addition to the total power required, the distribu-
tion of power and type of power in the train can be deter-
mined. For example on heavy trains to limit the maximum
coupler forces, the locomotives may be distributed within the
train. Another consideration is the capability of the locomo-
tive. It may be possible to put 4 DC locomotives on the head
end of a train, however 4 AC units with the same HP may not
be used at the headend since the total drawbar forces may
exceed the limits.

[0191] In another embodiment, the selection of locomo-
tives may not be based solely on reducing a number of loco-
motives used in a train. For example, if the total power
requirement is minimally met by five of the available loco-
motives when compared to also meeting the power require-
ment by the use of three of the available locomotives, the five
locomotives are used instead of the three. In view of these
options, a smaller or minimum number of locomotives may
be selected from a sequential (and random) set of available
locomotives. Such an approach may be used when the train
235, 236, 237 is already compiled and a decision is being
made at run time and/or during a mission wherein the remain-
ing locomotives are not used to power the train 235, 236, 237,
as discussed in further detail below.

[0192] While compiling the train 235, 236, 237, if the train
235, 236, 237 requires backup power, incremental locomo-
tive 255, or locomotives, may be added. However this addi-
tional locomotive 255 is isolated to reduce fuel use, emission
output, and power variation, but may be used to provide
backup power in case an operating locomotive fails, and/or to
provide additional power to accomplish the trip within an
established mission time. The isolated locomotive 255 may
be put into an AESS mode to reduce fuel use and having the
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locomotive available when needed. In one embodiment, if a
backup, or isolated, locomotive 255 is provided, its dimen-
sions, such as weight, may be taken into consideration when
determining the train load.

[0193] Thus, as discussed above in more detail, determin-
ing minimum power needed to power the train 235, 236, 237
may occur at train run time and/or during a run (or mission).
In this instance once a determination is made as to optimized
train power and the locomotives or locomotive consists 42 in
the train 235, 236, 237 are identified to provide the requisite
power needed, the additional locomotive(s) 255 not identified
for use are put in the idle, or AESS, mode.

[0194] In one embodiment, the total mission run may be
broken into a plurality of sections, or segments, such as, but
not limited to, at least 2 segments, such as segment A and
segment B as illustrated in FIG. 11. Based on the amount of
time taken to complete any segment the backup power, pro-
vided by the isolated locomotive 255, is provided in case
incremental power is needed to meet the trip mission objec-
tive. Toward this end, the isolated locomotive 255 may be
utilized for a specific trip segment to get the train 235, 236,
237 back on schedule and then switched off for the following
segments, if the train 235, 236, 237 remains on schedule.
[0195] Thus in operation, the lead locomotive may put the
locomotive 255 provided for incremental power into an iso-
late mode until the power is needed. This may be accom-
plished by use of wired or wireless modems or communica-
tions from the operator, usually on the lead locomotive, to the
isolated locomotive 255. In another embodiment, the loco-
motives operate in a distributed power configuration and the
isolated locomotive 255 is already integrated in the distrib-
uted power configuration, but is idle, and is switched on when
the additional power is required. In yet another embodiment
the operator puts the isolated locomotive 255 into the appro-
priate mode.

[0196] In one embodiment the initial setup of the locomo-
tives, based on train load and mission time, is updated by the
trip optimizer, as disclosed in above, and adjustments to the
number and type of powered locomotives are made. As one
illustration, consider a locomotive consist 42 of 3 locomo-
tives having relative available maximum power of 1, 1.5 and
0.75, respectively. Relative available power is relative to a
reference locomotive; railroads use ‘reference’ locomotives
to determine the total consist power; this could be a “3000 HP”
reference locomotive; hence, in this example the first loco-
motive has 3000 HP, the second 4500 HP and the third 2250
HP). Suppose that the mission is broken into seven segments.
Given the above scenario the following combinations are
available and can be matched to the track section load, 0.75,
1, 1.5, 1.75, 2.25, 2.5, 3.25, which is the combination of
maximum relative HP settings for the consist. Thus for each
respective relative HP setting mentioned above, for 0.75 the
third locomotive is on and the first and second are off, for 1 the
first locomotive is on and the second and third are off, etc. In
a preferred embodiment the trip optimizer selects the maxi-
mum required load and adjusts via notch calls while reducing
an overlap of power settings. Hence, if a segment calls for
between 2 and 2.5 (times 3000 HP) then locomotive 1 and
locomotive 2 are used while locomotive 3 is in either idle or in
standby mode, depending on the time it is in this segment and
the restart time of the locomotive.

[0197] In another embodiment, an analysis may be per-
formed to determine a trade off between emission output and
locomotive power settings to maximize higher notch opera-
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tion where the emissions from the exhaust after treatment
devices are more optimal. This analysis may also take into
consideration one of the other parameters discussed above
regarding train operation optimization. This analysis may be
performed for an entire mission run, segments of a mission
run, and/or combinations of both.

[0198] FIG. 13 depicts a block diagram of elements
included in a system for optimized train power makeup. As
illustrated and discussed above, a train load estimator 560 is
provided. A trip mission time determinator 570 is also pro-
vided. A processor 240 is also provided. As disclosed above,
though directed at a train, similar elements may be used for
other engines not being used within a rail vehicle, such as, but
not limited to, off-highway vehicles, marine vessels, and sta-
tionary units. The processor 240 calculates a total amount of
power required to power the train 235, 236, 237 based on the
train load determined by the train load estimator 560 and a trip
mission time determined by the trip mission time determina-
tor 570. A determination is further made of a type of locomo-
tive needed and/or a number of locomotives needed, based on
each locomotive power output, to minimally achieve the
minimum total amount of power required based on the train
load and trip mission time.

[0199] The trip mission time determinator 570 may seg-
ment the mission into a plurality of mission segments, such
as, but not limited to, segment A and segment B, as discussed
above. The total amount of power may then be individually
determined for each segment of the mission. As further dis-
cussed above, an additional locomotive 255 is part of the train
235, 236, 237 and is provided for back up power. The power
from the back-up locomotive 255 may be used incrementally
as a required is identified, such as, but not limited to, provid-
ing power to get the train 235, 236, 237 back on schedule for
a particular trip segment. In this situation, the train 235, 236,
237 is operated to achieve and/or meet the trip mission time.
[0200] The train load estimator 560 may estimate the train
load based on information contained in the train makeup
docket 480, historical data, a rule of thumb estimation, and/or
table data. Furthermore, the processor 245 may determine a
trade off between emission output and locomotive power
settings to maximize higher notch operation where the emis-
sions from the exhaust after-treatment devices are optimized.
[0201] FIG. 14 depicts a block diagram of a transfer func-
tion for determining a fuel efficiency and emissions for a
diesel powered system. Such diesel powered systems include,
but are not limited to locomotives, marine vessels, OHV,
and/or stationary generating stations. As illustrated, informa-
tion pertaining to input energy 580 (such as, but not limited to,
power, waste heat, etc.) and information about an after treat-
ment process 583 are provided to a transfer function 585. The
transfer function 585 utilizes this information to determine an
optimum fuel efficiency 587 and emission output 590.
[0202] FIG. 15 depicts one embodiment of a flow for deter-
mining a configuration of a diesel powered system having at
least one diesel-fueled power generating unit. The flowchart
600 includes determining a minimum power required from
the diesel powered system in order to accomplish a specified
mission, at 605. Determining an operating condition of the
diesel-fueled power generating unit such that the minimum
power requirement is satisfied while yielding lower fuel con-
sumption and/or lower emissions for the diesel powered sys-
tem, at 610, is also disclosed. As disclosed above, this flow-
chart 600 is applicable for a plurality of diesel-fueled power
generating units, such as, but not limited to, a locomotive,
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marine vessel, OHV, and/or stationary generating stations.
Additionally, this flowchart 600 may be implemented using a
computer software program that may reside on a computer
readable media.

[0203] FIG. 16 depicts one embodiment of a closed-loop
system for operating a rail vehicle. As illustrated, an opti-
mizer 650, converter 652, rail vehicle 653, and at least one
output 654 from gathering specific information, such as, but
not limited to, speed, emissions, tractive effort, horse power,
a friction modifier technique (e.g., application of sand), etc.,
are part of the closed-loop control communication system
657. The output 654 may be determined by a sensor 656
which is part of the rail vehicle 653, or in another embodiment
independent of the rail vehicle 653. Information initially
derived from information generated from the trip optimizer
650 and/or a regulator is provided to the rail vehicle 653
through the converter 652. Locomotive data gathered by the
sensor 654 from the rail vehicle is then communicated 657
back to the optimizer 650.

[0204] The optimizer 650 determines operating character-
istics for at least one factor that is to be regulated, such as, but
not limited to, speed, fuel, emissions, etc. The optimizer 650
determines a power and/or torque setting based on a deter-
mined optimized value. The converter 652 is provided to
convert the power, torque, speed, emissions, initiate applying
a friction modifying technique (e.g., application of sand),
setup, configurations etc., control inputs for the rail vehicle
653, usually a locomotive. Specifically, this information or
data about power, torque, speed, emissions, friction modify-
ing, setup, configurations etc., and/or control inputs is con-
verted to an electrical signal.

[0205] FIG. 17 depicts the closed loop system integrated
with a master control unit. As illustrated in further detail
below, the converter 652 may interface with any one of a
plurality of devices, such as, but not limited to, a master
controller, remote control locomotive controller, a distributed
power drive controller, a train line modem, analog input, etc.
The converter, for example, may disconnect the output of the
master controller (or actuator) 651. The actuator 651 is nor-
mally used by the operator to command the locomotive, such
as, but not limited to, power, horsepower, tractive effort,
implement a friction modifying technique, braking (includ-
ing at least one of dynamic braking, air brakes, hand brakes,
etc.), propulsion, etc. levels to the locomotive. The master
controller may be used to control both hard switches and
software based switches used in controlling the locomotive.
The converter 652 then injects signals into the actuator 651.
The disconnection of the actuator 651 may be electrical wires
or software switches or configurable input selection process
etc. A switching device 655 is illustrated to perform this
function.

[0206] ThoughFIG.17 discloses a master controller, which
is specific to a locomotive. In other applications, as disclosed
above, another device provides the function of the master
controller as used in the locomotive. For example, an accel-
erator pedal is used in an OHV and transportation bus, and an
excitation control is used on a generator. With respect to the
marine there may be multiple force producers (propellers), in
different angles/orientation need to be controlled closed loop.
[0207] As discussed above, the same technique may be
used for other devices, such as, but not limited to, a control
locomotive controller, a distributed power drive controller, a
train line modem, analog input, etc. Though not illustrated,
the master controller similarly could use these devices and
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their associated connections to the locomotive and use the
input signals. The Communication system 657 for these other
devices may be either wireless or wired.

[0208] FIG. 18 depicts one embodiment of a closed-loop
system for operating a rail vehicle integrated with another
input operational subsystem of the rail vehicle. For example
the distributed power drive controller 659 may receive inputs
from various sources 661, such as, but not limited to, the
operator, train lines, locomotive controllers and transmit the
information to locomotives in the remote positions. The con-
verter 652 may provide information directly to input of the
DP controller 659 (as an additional input) or break one of the
input connections and transmit the information to the DP
controller 659. A switch 655 is provided to direct how the
converter 652 provides information to the DP controller 659
as discussed above. The switch 655 may be a software-based
switch and/or a wired switch. Additionally, the switch 655 is
not necessarily a two-way switch. The switch may have a
plurality of switching directions based on the number of
signals it is controlling.

[0209] In another embodiment, the converter may com-
mand operation of the master controller, as illustrated in FIG.
19. The converter 652 has a mechanical means for moving the
actuator 651 automatically based on electrical signals
received from the optimizer 650.

[0210] Sensors 654 are provided aboard the locomotive to
gather operating condition data, such as, but not limited to,
speed, emissions, tractive effort, horse power, etc. Locomo-
tive output information 654 is then provided to the optimizer
650, usually through the rail vehicle 653, thus completing the
closed loop system.

[0211] FIG. 20 depicts another closed loop system where
an operator is in the loop. The optimizer 650 generates the
power/operating characteristic required for the optimum per-
formance. The information is communicated to the operator
647, such as, but not limited to, through human machine
interface (HMI) and/or display 649. This could be in various
forms including audio, text or plots or video displays. The
operator 647 in this case can operate the master controller or
pedals or any other actuator 651 to follow the optimum power
level.

[0212] If the operator follows the plan, the optimizer con-
tinuously displays the next operation required. If the operator
does not follow the plan, the optimizer may recalculate/re-
optimize the plan, depending on the deviation and the dura-
tion of the deviation of power, speed, position, emission etc.
from the plan. If the operator fails to meet an optimize plan to
an extent where re-optimizing the plan is not possible or
where safety criteria has been or may be exceeded, in one
embodiment the optimizer may take control of the vehicle to
insure optimize operation, annunciate a need to consider the
optimized mission plan, or simply record it for future analysis
and/or use. In such an embodiment, the operator could retake
control by manually disengaging the optimizer.

[0213] FIG. 21 depicts one embodiment of a flowchart 320
for operating a powered system having at least one power
generating unit where the powered system may be part of a
fleet and/or a network of powered systems. Evaluating an
operating characteristic of at least one power generating unit
is disclosed, at 322. The operating characteristic is compared
to a desired value related to a mission objective, at 324. The
operating characteristic is autonomously adjusted in order to
satisfy a mission objective, at 326. As disclosed herein the
autonomously adjusting may be performed using a closed-
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loop technique. Furthermore, the embodiments disclosed
herein may also be used where a powered system is part of a
fleet and/or a network of powered systems.

[0214] FIG. 22 depicts one flowchart operating a rail
vehicle in a closed-loop process. The flowchart 660 includes
determining an optimized setting for a locomotive consist, at
662. The optimized setting may include a setting for any setup
variable such as, but not limited to, at least one of power level,
optimized torque emissions, other locomotive configurations,
etc. Converting the optimized power level and/or the torque
setting to a recognizable input signal for the locomotive con-
sist, at 664, is also disclosed. At least one operational condi-
tion of the locomotive consist is determined when at least one
of'the optimized power level and the optimized torque setting
is applied, at 667. Communicating within a closed control
loop to an optimizer the at least one operational condition so
that the at least operational condition is used to further opti-
mize at least one of power level and torque setting, at 668, is
further disclosed.

[0215] As disclosed above, this flowchart 660 may be per-
formed using a computer software code. Therefore for rail
vehicles that may not initially have the ability to utilize the
flowchart 660 disclosed herein, electronic media containing
the computer software modules may be accessed by a com-
puter on the rail vehicle so that at least of the software mod-
ules may be loaded onto the rail vehicle for implementation.
Electronic media is not to be limiting since any of the com-
puter software modules may also be loaded through an elec-
tronic media transfer system, including a wireless and/or
wired transfer system, such as, but not limited to, using the
Internet to accomplish the installation.

[0216] Locomotives produce emission rates based onnotch
levels. In reality, a lower notch level does not necessarily
result in a lower emission per unit output, such as for example
gm/hp-hr, and the reverse is true as well. Such emissions may
include, but are not limited to particulates, exhaust, heat, etc.
Similarly, noise levels from a locomotive also may vary based
on notch levels, in particularly noise frequency levels. There-
fore, when emissions are mentioned herein, embodiments are
also applicable for reducing noise levels produced by a diesel
powered system. Therefore even though both emissions and
noise are disclosed at various times herein, the term emissions
should also be read to also include noise.

[0217] When an operator calls for a specific horse power
level, or notch level, the operator is expecting the locomotive
to operate at a certain traction power or tractive effort. In one
embodiment, to reduce emission output, the locomotive is
able to switch between notch/power/engine speed levels
while maintaining the average traction power desired by the
operator. For example, suppose that the operator calls for
Notch 4 or 2000 HP. Then the locomotive may operate at
Notch 3 for a given period, such as a minute, and then move
to Notch 5 for a period and then back to Notch 3 for a period
such that the average power produced corresponds to Notch 4.
The locomotive moves to Notch 5 because the emission out-
put of the locomotive at this notch setting is already known to
be less than when at Notch 4. During the total time that the
locomotive is moving between notch settings, the average is
still Notch 4, thus the tractive power desired by the operator is
still realized.

[0218] The time for each notch is determined by various
factors, such as, but not limited to, including the emissions at
each notch, power levels at each notch, and the operator
sensitivity. Embodiments are operable when the locomotive
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is being operated manually, and/or when operation is auto-
matically performed, such as, but not limited to, when con-
trolled by an optimizer and during low speed regulation.

[0219] Inanotherembodiment, multiple set points are used.
These set points may be determined by considering a plurality
of factors such as, but not limited to, notch setting, engine
speed, power, engine control settings, etc. In another embodi-
ment, when multiple locomotives are used but may operate at
different notch/power settings, the notch/power setting are
determined as a function of performance and/or time. When
emissions are being reduced, other factors that may be con-
sidered wherein a tradeoff may be considered in reducing
emissions includes, but are not limited to, fuel efficiency,
noise, etc. Likewise, if the desire is to reduce noise, emissions
and fuel efficiency may be considered. A similar analysis may
be applied if fuel efficiency is what is to be improved.

[0220] FIG. 23 depicts an embodiment of a speed versus
time graph comparing current operations to emissions opti-
mized operation. The speed change compared to desirable
speed can be arbitrarily reduced. For example if the operator
desires to move from one speed (S1) to another speed (S2)
within a desired time, it can be achieved with minor devia-
tions.

[0221] FIG. 24 depicts a modulation pattern that results in
maintaining a constant desired notch and/or horsepower. The
amount of time at each notch depends on the number of
locomotives and the weight of the train and its characteristics.
Essentially the inertia of the train is used to integrate the
tractive power/effort to obtain a desired speed. For example if
the train is heavy the time between transitions of Notches 3 to
5 and vice versa in the example can be large. In another
example, if the number of locomotives for a given train is
great, the time between transitions need to be smaller. More
specifically, the time modulation and/or cycling will depend
on train and/or locomotive characteristics.

[0222] As discussed previously, emission output may be
based on an assumed Notch distribution but the operator/rail
road is not required to have that overall distribution. There-
fore it is possible to enforce the Notch distribution over a
period of time, over many locomotives over a period of time,
and/or for a fleet locomotives over a period of time. By being
providing emission data, the trip optimized described herein
compares the notch/power setting desired with emission out-
put based on notch/power settings and determines the notch/
power cycle to meet the speed required while reducing emis-
sion output. The optimization could be explicitly used to
generate the plan, or the plan could be modified to enforce,
reduce, and/or meet the emissions required.

[0223] FIG. 25 depicts one flowchart for determining a
configuration of a diesel powered system having at least one
diesel-fueled power generating unit. The flowchart 700 pro-
vides for determining a minimum power, or power level,
required from the diesel powered system in order to accom-
plish a specified mission, at 702. An emission output based on
the minimum power, or power level, required is determined,
at 704. Using at least one other power level that results in a
lower emission output wherein the overall resulting power is
proximate the power required, at 706, is also disclosed.
Therefore in operation, the desired power level with at least
another power level may be used and/or two power levels, not
including the desired power level may be used. In the second
example, as disclosed if the desires power level is Notch 4, the
two power levels used may include Notch 3 and Notch 5.
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[0224] As disclosed, emission output data based on notch
speed is provided to the trip optimizer. Ifa certain notch speed
produces a high amount of emission, the trip optimizer can
function by cycling between notch settings that produce
lower amounts of emission output so that the locomotive will
avoid operating at the particular notch while still meeting the
speed of the avoided notch setting. For example applying the
same example provided above, if Notch 4 is identified as a less
than optimum setting to operate at because of emission out-
put, but other Notch 3 and 5 produce lower emission outputs,
the trip optimizer may cycle between Notch 3 and 5 where
that the average speed equates to speed realized at Notch 4.
Therefore, while providing speed associated with Notch 4,
the total emission output is less than the emission output
expected at Notch 4.

[0225] Therefore when operating in this configuration
though speed constraints imposed based on defining Notch
limitations may not actually be adhered to, total emission
output over a complete mission may be improved. More
specifically, though a region may impose thatrail vehicles are
not to exceed Notch 5, the trip optimizer may determined that
cycling between Notch 6 and 4 may be preferable to reach the
Notch 5 speed limit but while also improving emission output
because emission output for the combination of Notch 6 and
4 are better than when operating at Notch 5 since either Notch
4 or Notch 6 or both are better than Notch 5.

[0226] FIG. 26 illustrates a system for reducing emission
output, noise level, etc., from a diesel powered system having
at least one diesel-fueled power generating unit while main-
taining a specific speed. As disclosed above, the system 722
includes a processor 725 for determining a minimum power
required from the diesel-powered system 18 in order to
accomplish a specified mission is provided. The processor
725 may also determine when to alternate between two power
levels. A determination device 727 is used to determine an
emission output based on the minimum power required. A
power level controller 729 for alternating between power
levels to achieve the minimum power required is also
included. The power level controller 729 functions to produce
a lower emission output while the overall average resulting
power is proximate the minimum power required.

[0227] FIG. 27 illustrates a system for reducing such output
as but not limited to emission output and noise output from a
diesel powered system having at least one diesel-fueled
power generating unit while maintaining a specific speed.
The system includes processor 727 for determining a power
level required from the diesel-powered system in order to
accomplish a specified mission is disclosed. An emission
determinator device 727 for determining an emission output
based on the power level required is further disclosed. An
emission comparison device 731 is also disclosed. The emis-
sion comparison device 731 compares emission outputs for
other power levels with the emission output based on the
power level required. The emission output of the diesel-fu-
eled power generating unit 18 is reduced based on the power
level required by alternating between at least two other power
levels which produce less emission output than the power
level required wherein alternating between the at least two
other power levels produces an average power level proxi-
mate the power level required while producing a lower emis-
sion output than the emission output of the power level
required. As disclosed herein, alternating may simply result
in using at least one other power level. Therefore though
discussed as alternating, this term is not used to be limiting.
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Toward this end, a device 753 is provided for alternating
between the at least two power levels and/or at least use on
other power level.

[0228] Though the above examples illustrated cycling
between two notch levels to meet a third notch level, more
than two notch levels may be used when seeking to meet a
specific desired notch level. Therefore three or more notch
levels may be included in cycling to achieve a specific desired
not level to improve emissions while still meeting speed
requirements. Additionally, one of the notch levels that are
alternated with may include the desired notch level. There-
fore, at a minimum, the desired notch level and another notch
level may be the two power levels that are alternated between.

[0229] FIG. 28 discloses one flowchart for operating a die-
sel powered system having at least one diesel-fueled power
generating unit. The mission objective may include consid-
eration of at least one of total emissions, maximum emission,
fuel consumption, speed, reliability, wear, forces, power, mis-
sion time, time of arrival, time of intermediate points, and
braking distance. The mission objective may further include
other objectives based on the specific mission of the diesel
powered system. For example, as disclosed above, a mission
objective of a locomotive is different than that that of a sta-
tionary power generating system. Therefore the mission
objective is based on the type of diesel powered system the
flowchart 800 is utilized with.

[0230] The flowchart 800 discloses evaluating an operating
characteristic of the diesel powered system, at 802. The oper-
ating characteristic may include at least one of emissions,
speed, horse power, friction modifier, tractive effort, overall
power output, mission time, fuel consumption, energy stor-
age, and/or condition of a surface upon which the diesel
powered system operates. Energy storage is important when
the diesel powered system is a hybrid system having for
example a diesel fueled power generating unit as its primary
power generating system, and an electrical, hydraulic or other
power generating system as its secondary power generating
system. With respect to speed, this operating characteristic
may be further subdivided with respect to time varying speed
and position varying speed.

[0231] The operational characteristic may further be based
on a position of the diesel powered system when used in
conjunction with at least one other diesel powered system.
For example, in a train, when viewing each locomotive as a
diesel powered system, a locomotive consist may be utilized
with a train. Therefore there will be a lead locomotive and a
remote locomotive. For those locomotives that are in a trail
position, trail mode considerations are also involved. The
operational characteristic may further be based on an ambient
condition, such as, but not limited to, temperature and/or
pressure.

[0232] Also disclosed in the flowchart 800 is comparing the
operating characteristic to a desired value to satisfy the mis-
sion objective, at 804. The desired value may be determined
from at least one of the operational characteristic, capability
of the diesel powered system, and/or at least one design
characteristic of the diesel powered system. With respect to
the design characteristics of the diesel powered system, there
are various models of locomotives where the design charac-
teristics vary. The desired value may be determined at least
one of at a remote location, such as, but not limited to, a
remote monitoring station, and at a location that is a part of the
diesel powered system.
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[0233] The desired value may be based on a location and/or
operating time of the diesel powered system. As with the
operating characteristic the desired value is further based on
at least one of emissions, speed, horse power, friction modi-
fier, tractive effort, ambient conditions including at least one
of temperature and pressure, mission time, fuel consumption,
energy storage, and/or condition of a surface upon which the
diesel powered system operates. The desired value may be
further determined based on a number of a diesel-fueled
power generating units that are either a part of the diesel
powered system and/or a part of a consist, or at the sub-consist
level as disclosed above.

[0234] Adjusting the operating characteristic to correspond
to the desired value with a closed-loop control system that
operates in a feedback process to satisty the mission objec-
tive, at 806, is further disclosed. In general, but not to be
considered limiting, the feedback process receives informa-
tion and makes determinations based on the information
received. The closed-loop approach allows for the implemen-
tation of the flowchart 800 without outside interference. How-
ever, if required due to safety issues, a manual override is also
provided. The adjusting of the operating characteristic may
be made based on an ambient condition. As disclosed above,
this flowchart 800 may also be implemented in a computer
software code where the computer software code may reside
on a computer readable media.

[0235] FIG. 29 discloses a block diagram of a system for
operating a diesel powered system having at least one diesel-
fueled power generating unit. With the system 810, a sensor
812 is configured for determining at least one operating char-
acteristic of the diesel powered system is disclosed. In one or
more embodiments, a plurality of sensors 812 are provided to
gather information relating to operating characteristics from a
plurality of locations on the diesel powered system and/or a
plurality of subsystems within the diesel powered system.
The sensor 812 may be an operation input device. The sensor
812 can gather information relating to the operating charac-
teristics may be about emissions, speed, horse power, friction
modifier, tractive effort, ambient conditions including at least
one of temperature and pressure, mission time, fuel consump-
tion, energy storage, and/or condition of a surface upon which
the diesel powered system operates. A processor 814 is in
communication with the sensor 812. A reference generating
device 816 is provided and is configured to identify the
desired operating characteristic. The reference generating
device 816 is in communication with the processor 814. The
form of communication may be facilitated either through a
wired and/or wireless communication system and/or device.
The reference generating device 816 is at least one of remote
from the diesel powered system and a part of the diesel
powered system.

[0236] An algorithm 818 is within the processor 814 that
operates in a feedback process that compares an actual value
of the operating characteristic to a desired value of the oper-
ating characteristic. A converter 820, in closed loop commu-
nication with the processor 814 and/or algorithm 818, is
further provided to control operation of the train to achieve
the desired value of the operating characteristic. The con-
verter 820 may be at least one of a master controller, a remote
control controller, a distributed power controller, and a train
line modem. More specifically, when the diesel powered sys-
tem is a locomotive system, the converter may be a remote
control locomotive controller, a distributed power locomotive
controller, and a train line modem.
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[0237] As further illustrated, a second sensor 821 may be
included. The second sensor is configured to measure at least
one ambient condition that is provided to the algorithm 818
and/or processor 814. As disclosed above, examples of an
ambient condition include, but are not limited to temperature
and pressure.

[0238] With respect to a train, when control of the train is
transferred to an automatic, or autonomous, controller, a mis-
sion plan, or trip plan profile, is provided. Further a train is
typically composed of a plurality of locomotives, called a
locomotive consist, and a plurality of load cars. A train may
include multiple locomotive consists in which each locomo-
tive consist includes a plurality of locomotives operatively
coupled to one another. A locomotive consist is connected by
multiple units (MU) cables and is typically operated through
a single power command input in the lead locomotive that is
then communicated to all of the trailing locomotives. Though
the mission plan may be established to operate with tradi-
tional throttle or power levels, such as but limited to 8 power
levels ranging between notch 1 to notch 8, an improved mis-
sion plan may be completed if the controller is not constrained
to only adhere to the traditional coupled power levels. These
power commands for each locomotive may be decoupled
from their traditional coupled levels. A plurality of
approaches may be applied to decouple the power levels.
Therefore though a few examples are disclosed below, these
approaches should not be considered limiting.

[0239] In some embodiments, when there are two or more
power generating units (e.g., (a) one lead locomotive of a train
consist and one or more remote locomotives of the train
consist or (b) a plurality of locomotive consists), the power
commands (e.g., notch commands) for the power generating
units may differ. For example, when the power commands are
notch settings the notch settings may differ by a designated
number of notches. More specifically, a lead locomotive and
a remote locomotive(s) may have notch settings that differ by
one notch. Likewise, a lead locomotive consist and a trailing
locomotive consist(s) may have notch setting that differ by
one notch. FIG. 30 discloses a three dimensional graph illus-
trating one embodiment of a variance between a notch 450 of
a lead power-generating unit (e.g., a lead locomotive or lead
locomotive consist) and a notch 452 of a remote power-
generating unit (e.g., a remote locomotive or remote locomo-
tive consist). Thus, the notch 450 may be referred to as the
lead notch 450, and the notch 452 may be referred to as the
remote notch 452 (or trail notch 452). A first area 454 repre-
senting normal operation of the powered system is shown. In
the first area 454, the lead and remote notches 450 and 452
may have the same value. When a change in power is
requested, the lead and remote notches 450, 452 may simul-
taneously change to the same value. For example, each of the
lead and remote notches 450, 452 may move from notch 2 to
notch 3. A second area 456 shown in FIG. 30 represents
another embodiment. As one example, if more power is
required and the current lead and trail notches are identical,
either of the lead notch 450 or the trail notch 452 may be
increased by a designated amount, such as, but not limited to,
by one notch. The other notch may be subsequently increased
by the same or different amount. Similarly, for the case where
less power is required, the lead and trail notches 450, 452 may
be reduced at different times by the same or different
amounts.

[0240] FIG. 31 discloses a three dimensional graph illus-
trating another embodiment for providing decoupled (or
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independent) power settings. As illustrated, a power-operat-
ing plan, and/or map 458 may be developed, such as in 2-di-
mensional space. The power-operating plan may be based on
(e.g., a function of) one or more operating restrictions or
constraints. For example, though not to be considered limit-
ing, the map may be generated by reducing fuel use for each
desired power level, emission output for each desired power
level, a change in power between notch settings, a maximum
notch deviation from the lead command (e.g., lead locomo-
tive or locomotive consist) to the trail notch command, etc.
(e.g., trail locomotive or locomotive consist). The power-
operating plan may be different for increasing and decreasing
power. The power-operating plan may be a function of an
operating parameter such as, but not limited to current power
setting, current speed, etc. Furthermore, the operating plan
may be a function of the expected future power demand.
Accordingly, the power-operating plan may be based on at
least one of an operating restriction, constraint, characteristic,
or parameter.

[0241] FIG. 32 discloses a three dimensional graph illus-
trating another embodiment for providing decoupled power
settings. Notch combinations 460 may be employed with
various restrictions, such as, but not limited to, a reduction in
fuel use for a desired power level, a reduction in emission
output for a desired power level, a change in power between
notch settings, a maximum notch deviation from the lead
notch command to the trail notch command, a maximum
notch excursion, a minimum time to change power settings,
and a desired transient response. The power-operating plan
may also be a function of an operating parameter, the mission
plan, and the past notch path history.

[0242] The examples disclosed in FIG. 30 through FIG. 32
may utilize an additional axis of freedom when distributed
power (DP) is used for a consist power management
approach. The DP consist command notch may be indepen-
dent of both the lead and trailing locomotives commands and
various constraints, as disclosed above, may be used for load
balancing and other train handling considerations.

[0243] Additionally, for cases where the trailing locomo-
tives in a given consist are connected to the lead locomotive
by independent MU cables or some other form of communi-
cations, such as, but not limited to, communications using
radio frequency such as used with distributed power units,
additional axes of freedom are gained and similar methods
employed.

[0244] FIG. 33 discloses a flowchart illustrating one
embodiment for powering a powered system where throttle
commands for the powered system are decoupled from pre-
defined throttle settings. The flowchart 400 illustrates identi-
fying at least one characteristic and/or at least one restriction
or constraint for a power-operating plan, at 402. The power-
operating plan is developed responsive to the one character-
istic and/or the one restriction or constraint, at 404. At least
one power setting is determined which is responsive to the
power-operating plan, at 406. A plurality of throttle settings
may be determined for a plurality of throttle settings respon-
sive to the segments of a mission plan, at 408. As disclosed
above, the characteristic may include, but is not limited to, a
maximum power setting, a minimum power setting, a fuel
burn rate for a desired power level, a maximum change in
power setting, a minimum time to change between a first and
a second power setting, a desired transient response, etc.
[0245] FIG. 34 discloses another flowchart illustrating one
embodiment for powering a powered system where throttle
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commands for the powered system are decoupled from pre-
defined throttle settings. The flowchart 410 discloses devel-
oping a power-operating plan which is independent of a
coupled power setting, at 412. A power setting is determined
responsive to the power operating plan, at 414. The flowchart
410 further discloses identifying one characteristic, param-
eter, restriction, and/or constraint for the power-operating
plan, at 416. When the power-operating plan is static, the
throttle or power setting may vary in response to varied power
settings, where varying may include increasing and/or
decreasing the throttle setting. As disclosed above with
respectto FIG. 33, a power setting restriction may be imposed
when developing the power-operating plan, at 418. A restric-
tion and/or constraint, may be used to balance a load of the
powered system and/or a handling characteristic of the pow-
ered system, at 420. When the powered system is a rail trans-
portation system, the rail transportation system may be oper-
ated in a distributed power mode wherein developing the
power-operating plan and/or determining the power setting
are established for the distributed power mode, at 422.
[0246] By way of example, a distributed power train may
include first and second (or more) locomotive consists,
wherein each of the locomotive consists includes a plurality
of locomotives that are operatively coupled to one another.
For example, the locomotives of a single locomotive consist
may operate at a common power setting such that when the
power setting is changed in one locomotive consist (e.g., a
lead locomotive) the power setting in the other locomotive
consist(s) (e.g., remote or trail locomotives) may also be
changed.

[0247] In some embodiments, a power-operating plan for
the distributed-power (DP) train may be developed that dic-
tates operation ofthe DP train. The power-operating plan may
be based on at least one of an operating characteristic, oper-
ating parameter, operating restriction, operating constraint,
and the like, such as the various characteristics, parameters,
restrictions, and constraints described above. In some cases,
the operating characteristics, parameters, restrictions, and
constraints may be characterized as or considered to be part of
train data, track data (or a track database), and trip data.
[0248] Train data may include information on the charac-
teristics of the train. For example, train data may include
information a number of rail cars, number of locomotives,
information relating to an individual locomotive or a consist
of locomotives (e.g., model or type of locomotive, weight,
power description, performance of locomotive traction trans-
mission, consumption of engine fuel as a function of output
power, cooling characteristics), load of a train with effective
drag coefficients, train-handling rules (e.g., tractive effort
ramp rates, maximum braking effort ramp rates), content of
rail cars, etc.

[0249] Track data may include information on the track,
such as speed limits for designated segments of a track, maxi-
mum cumulative and/or instantaneous emissions for a desig-
nated segment of the track, locations of railroad crossings,
identification grade changes, sidings, depot yards, and fuel
stations.

[0250] Trip data may include information relating to a des-
ignated mission or trip, such as start and end times of the trip,
start and end locations, track data that pertains to the desig-
nated route (e.g., effective track grade and curvature as func-
tion of milepost, speed limits), maximum cumulative and/or
instantaneous emissions for the trip, fuel consumption per-
mitted for the trip, historical trip data (e.g., how much fuel
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was used in a previous trip along the designated route),
desired trip time or duration, crew (user and/or operator)
identification, crew shift expiration time, minimum and/or
maximum power (throttle) settings.

[0251] As one example, a controller may receive an oper-
ating restriction or constraint and develop a power-operating
plan, which may include modifying a previously developed
power-operating plan. The controller may analyze the train
data, trip data, and track data corresponding to the designated
route for a trip. Based on this analysis and the received oper-
ating restriction or constraint, the controller may develop the
power-operating plan. For instance, if the operating restric-
tion is a limit on fuel consumption of the trip. The controller
may develop a plan that includes adjusting the power settings
of the different locomotive consists while also satisfying
other conditions (e.g., arrival time). As such, different loco-
motive consists of a single train may operation asynchro-
nously or independent from each other. This may also be
referred to as operating according to an asynchronous mode,
independent mode, or decoupled mode.

[0252] Inone or more embodiments, two adjacent railroad
railcars or locomotives are linked by a knuckle coupler
attached to each railcar or locomotive. Generally the knuckle
coupler may include four elements, a cast steel coupler head,
a hinged jaw or “knuckle” rotatable relative to the head, a
hinge pin about which the knuckle rotates during the coupling
or uncoupling process, and a locking pin. When the locking
pin on either or both couplers is moved upwardly away from
the coupler head, the locked knuckle rotates into an open or
released position, effectively uncoupling the two railcars/
locomotives. Application of a separating force to either or
both of the railcars/locomotives completes the uncoupling
process.

[0253] When coupling two railcars, at least one of the
knuckles may be in an open position to receive the jaw or
knuckle of the other railcar. The two railcars are moved
toward each other. When the couplers mate, the jaw of the
open coupler closes and, responsive thereto, the gravity-fed
locking pin automatically drops in place to lock the jaw in the
closed condition, locking the couplers closed to link the two
railcars.

[0254] Even when coupled and locked, the distance
between the two linked railcars can increase or decrease due
to the spring-like effect of the interaction of the two couplers
and due to the open space between the mated jaws or knuck-
les. The distance by which the couplers can move apart when
coupled is referred to as an elongation distance or coupler
slack and can be as much as about four to six inches per
coupler. A stretched slack condition occurs when the distance
between two coupled railcars is about the maximum separa-
tion distance permitted by the slack of the two linked cou-
plers. A bunched (compressed) condition occurs when the
distance between two adjacent railcars is about the minimum
separation distance as permitted by the slack between the two
linked couplers.

[0255] The distance decreases when coupler bunching
forces (e.g., the application of braking effort (BE)) drive the
jaw of each coupler into the head of the mating coupler.
Excessive bunching forces can damage the coupler, the draft
gear, and the railcars. In a completely bunched (compressed)
coupler condition, the distance between two adjacent railcars
is at a minimum. The coupler is connected to a railcar frame
through a draft gear that provides a force-absorbing function
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to cushion the effect of the bunching (and stretching) forces.
The train experiences run-in as the couplers are moving
toward the bunched state.

[0256] Stretching forces reduce the coupler gap by bringing
the jaws into contact Excessive stretching forces can damage
the coupler, the draft gear, and the railcars. In a stretched slack
condition the distance between two coupled railcars is at a
maximum. The train is experiencing run-out as the couplers
are moving the stretched state.

[0257] Both the bunching forces and the stretching forces
are caused by the application of tractive effort and braking
effort by the locomotive and by track features (such as track
crests, sags, curves, and super-elevations). These forces are
also influenced by various train/railcar/track characteristics,
e.g., railcar mass, mass distribution along the train, train
length, crest height, and sag depth. When the powered system
is coupled to another system, such as, but not limited, to a
locomotive being coupled to another locomotive and/or a rail
car, another characteristic considered in determining the
throttle setting is a force exerted where coupling of the
vehicles occurs.

[0258] Such forces are realized, for example, when the train
crosses a crest apex. As the train approaches the crest it is in
a stretched coupler condition. The largest coupler forces may
be experienced by the railcar crossing the apex. As each
railcar behind the lead locomotive crosses the apex, it is
subjected to a gravitational force having a component in the
same direction as the tractive effort applied by the lead loco-
motive (or by the lead locomotive consist or the lead and
non-lead locomotive consist in a distributed power train).
Each railcar (specifically each railcar coupler) on the down-
ward crest slope experiences a force equal to the tractive
effort plus the sum of the gravitational forces exerted on each
railcar from the railcar of interest to the forward end of the
train. The rail cars on the upward slope approaching the crest
exert a stretching force on the railcars on the downward slope.
Thus the total magnitude of the force exerted on each railcar
increases as another railcar crosses the apex until half of the
train mass is on the descending side of the crest. The throttle
setting is determined so as to reduce this force.

[0259] The flowcharts illustrated in FIG. 33 and F1G. 34 are
also applicable to a train operating in a distributed power
mode as well as a train line. With respect to the train line, the
flowchart is applicable to both wired train lines and wireless
train lines. As disclosed above with respect to FIG. 30 through
FIG. 31, when operating in the distributed power mode, a
fourth axis is provided for distributed power notch, thus
resulting in one more degrees of freedom. With the automatic
controller, a constraint may be used to balance a load of the
powered system and/or to control a handling characteristic of
the powered system. Furthermore, when under automatic, or
autonomous, control, a lead locomotive may operate with an
analog throttle control, or more specifically, it may be free to
operate at throttle settings decoupled from preset throttle
settings. Trail locomotives may still operate using the stan-
dard fixed throttle settings. Therefore, the throttle setting for
the trail locomotive is in response to the throttle setting of the
lead locomotive. However, the throttle setting for the trail
locomotive may also be set independent of the lead locomo-
tive.

[0260] In one embodiment, such as, but not limited to, a
plurality of locomotives operating as a consist and/or being
individually part of a train, coupling forces may exist at
coupling joints, or connecters, between adjacent locomotives
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or coupled locomotives and rail cars. When determining
throttle settings responsive to the mission, consideration in
selecting these settings may be given to the coupling forces
expected to be exerted.

[0261] One or more embodiments may also be imple-
mented with a computer software code operable with a pro-
cessor and configured to reside on a computer readable
media. Furthermore, though a train is used to explain distrib-
uted power mode operations, distributed power may be appli-
cable to other powered systems as disclosed herein.

[0262] Inone or more embodiments, a system is provided.
The system may include a controller that is configured to
obtain an operating restriction of a distributed power (DP)
system that first and second power generating units. Each of
the power-generating units may be, for example, a single
locomotive or a single locomotive consist that includes a
plurality of locomotives that are linked directly or indirectly
to one another. The controller may be operable to receive the
operating restriction from a remote system or from an opera-
tor who manually enters the restriction through a user inter-
face. Alternatively, the operating restriction may include one
or more previously designated restrictions, such as speed
limits, emissions limits, fuel/energy storage limits (e.g., on
the amount of fuel or electric energy that can be stored
onboard or otherwise available during a mission), and the
like. The operating restrictions may be similar to the restric-
tions and constraints described above. By way of example
only, the operating restriction may represent at least one of (a)
an amount of time that the powered system has to travel to a
destination; (b) an amount of fuel available to power the
powered system; or (c) a limit on an amount of emissions
generated by the powered system. However, other operating
restrictions may exist. The operating restriction may be used
to at least one of balance a load of the DP system or balance
a handling characteristic of the DP system. In particular
embodiments in which the system includes or is part of a rail
vehicle system, the operating restriction may be used to
reduce or control the in-train (or coupling) forces that are
experienced by the railcars and/or locomotives.

[0263] The controller may be configured to develop a
power-operating plan for the DP system that is based on the
operating restriction. The power-operating plane may also
dictate power requirements of the DP system during a desig-
nated trip of the DP system. The power-operating plan may
include a decoupled operating mode that dictates that the first
and second power generating units are to be operated at
different first and second power settings, respectively. In par-
ticular embodiments, the first and second power settings
include different first and second notch settings, respectively.
[0264] The power-operating plan may dictate that a value
of'the first power setting (e.g., notch setting) and a value of the
second power setting be changed at different times during the
designated trip. However, the power-operating plan may also
dictate that the first and second power settings be changed at
different times, but to different values. The power-operating
plan may also dictate that at least one of the first power setting
or the second power setting be changed a plurality of times
during the designated trip. In some embodiments, the power-
operating plan is also based on an actual operating character-
istic of the powered system. The actual operating character-
istic may be, for example, at least one of an actual power
setting or actual speed of the powered system. In some cases,
the power-operating plan is a function of the geography of the
area in which the DP system is traveling.
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[0265] In one embodiment, the power-operating plan may
designate an overall operating characteristic for the powered
system. For example, the plan may designate various speeds,
accelerations, braking efforts, tractive efforts, power outputs,
or the like, for the powered system to produce at associated
locations along a trip or during associated time periods during
a mission. The controller may determine that, in order for the
system to achieve (e.g., actually provide the designated over-
all operating characteristic), the power generating units are to
be asynchronously controlled. For example, the power gen-
erating units may operate according to an independent or
decoupled operating mode. Different power generating units
(e.g., different locomotives or different locomotive consists)
can operate according to different operational settings in
order to achieve an overall operational setting for the system.
For example, in order for the system to travel at a designated
speed at a designated location, a first power generating unit or
consist can operate at a first notch setting, a second power
generating unit or consist can operate at a different, second
notch setting, a third power generating unit consist can oper-
ate at a different, third notch setting, and the like. Addition-
ally, the designated settings for the different power generating
units may change by different amounts and/or at different
times or at different locations during the mission. With
respect to consists in a vehicle having two or more consists,
the powered units in each consist may operate according to
the same operational setting, but different consists may oper-
ate according to different operational settings to achieve the
designated settings for the vehicle (e.g., a speed or braking
effort). Alternatively, the powered units within a consist may
operate according to different settings.

[0266] The designated trip of the DP system may be asso-
ciated with a trip plan that dictates designated speeds of the
DP system at associated different locations along a trip. The
controller is configured to determine the first power setting
and the second power setting at the different locations in order
to match actual speeds of travel of the powered system at the
different locations to the designated speeds in the trip plan
that are associated with the different locations.

[0267] The independent (or decoupled) operating mode
may dictate that a first value of the first power setting is
changed during the designated trip while the second power
setting remains a common value so that the DP system
achieves a designated speed. The decoupled operating mode
may dictate that a first value of the first power setting is
changed before the second power setting is changed to a
second value so that the DP system achieves a designated
speed.

[0268] In one or more embodiments, a method is provided
that includes obtaining an operating restriction of a distrib-
uted power (DP) system having first and second power gen-
erating units and developing a power-operating plan for the
DP system that is based on the operating restriction. The
power-operating plan may also dictate power requirements of
the DP system during a designated trip of the DP system. The
power-operating plan may include a decoupled operating
mode that dictates that the first and second power generating
units are to be operated at different first and second power
settings, respectively.

[0269] FIG. 35 is a schematic illustration of a vehicle sys-
tem 3500 that incorporates an isolation control system con-
structed in accordance with one embodiment. The vehicle
system 3500 can represent a vehicle system that includes one
or more of the consists or trains described above. The vehicle
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system 3500 includes a lead powered unit or vehicle 3502
(also referred to as a propulsion-generating unit or vehicle)
coupled with several remote powered units or vehicles 3504
(e.g., powered units 3504 A-D, which also may be referred to
as propulsion-generating units or vehicles) and individual
non-powered units 3512 (also referred to as non-propulsion-
generating vehicles). The propulsion-generating or powered
units may be identical or similar to the vehicle 42 (e.g., a
locomotive) and the non-powered units may be identical or
similar to the vehicle 40 (e.g., a railcar).

[0270] Thevehicle system 3500 travels along a route 3514,
such as a track, road, waterway, and the like. The lead pow-
ered unit 3502 and the remote powered units 3504 supply a
tractive force or effort to propel the vehicle system 3500 along
the route 3514. In one embodiment, the lead powered unit
3502 is a leading locomotive disposed at the front end of the
vehicle system 3500 and the remote powered units 3504 are
trailing locomotives disposed behind the lead powered unit
3502 between the lead powered unit 3502 and the back end of
the vehicle system 3500. The individual non-powered units
3512 may be non-powered storage units (e.g., units that are
not capable of providing motive power but that may consume
energy such as electric current for one or more purposes) for
carrying cargo and/or passengers along the route 3514.
[0271] The remote powered units 3504 are remote from the
lead powered unit 3502 in that the remote powered units 3504
are not located within the lead powered unit 3502. A remote
powered unit 3504 need not be separated from the lead pow-
ered unit 3502 by a significant distance in order for the remote
powered unit 3504 to be remote from the lead powered unit
3502. For example, a remote powered unit 3504 may be
directly adjacent to and coupled with the lead powered unit
3502 and still be remote from the lead powered unit 3502. In
one embodiment, the lead powered unit 3502 is not located at
the front end of the vehicle system 3500. For example, the
lead powered unit 3502 may trail one or more non-powered
units 3512 and/or remote powered units 3504 in the vehicle
system 3500. Thus, unless otherwise specified, the terms
“lead,” “remote,” and “trailing” are meant to distinguish one
vehicle from another, and do not require that the lead powered
unit be the first powered unit or other vehicle in a consist or
other vehicle system, or that the remote powered units be
located far away from the lead powered unit or other particu-
lar units, or that a “trailing” unit be behind the lead unit or
another unit. The number of powered units 3504 in the vehicle
system 3500 may vary from the number shown in FIG. 35.
[0272] The remote powered units 3504 may be organized
into groups. In the illustrated embodiment, the remote pow-
ered units 3504A, 3504B are organized into a consist group
3516. The consist group 3516 may include one or more pow-
ered units 3504A, 35048 that are the same or similar models
and/or are the same or similar type of powered unit. For
example, the consist group 3516 may include remote pow-
ered units 3504A, 35048 that are manufactured by the same
entity, supply the same or similar tractive force, have the same
or similar braking capacity, have the same or similar types of
brakes, and the like. Alternatively, one or more of the powered
units 3504 in a consist group may differ from one or more
other powered units 3504 in the same consist group. The
powered units in a consist group may be directly coupled with
one another or may be separated from one another but inter-
connected by one or more other components or units.

[0273] The remote powered units 3504C, 3504D are orga-
nized into a distributed power group 3518 in the illustrated
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embodiment. Similar to the consist group 3516, a distributed
power group 3518 may include one or more powered units.
The powered units in the distributed power group 3518 may
be separated from one another but interconnected with one
another by one or more other powered units 3502, 3504
and/or non-powered units 3512, as shown in FIG. 35.

[0274] Inoperation of one embodiment of the system 3500,
the lead powered unit 3502 remotely controls which of the
remote powered units 3504 are turned on and which remote
powered units 3504 are turned off. For example, an operator
in the lead powered unit 3502 may remotely turn one or more
of'the remote powered units 3504 on or off while remaining in
the lead powered unit 3502. The lead powered unit 3502 may
remotely turn on or off individual remote powered units 3504
or entire groups of remote powered units 3504, such as the
remote powered units 3504A, 3504B in the consist group
3516 and/or the remote powered units 3504C, 3504D in the
distributed power group 3516. The lead powered unit 3502
remotely turns the remote powered units 3504 on or off when
the vehicle system 3500 is moving along the route 3514
and/or when the vehicle system 3500 is stationary on the route
3514. For example, prior to leaving on a trip along the route
3514 (e.g., where a trip includes travel from a beginning
location to a destination location), the vehicle system 3500
may decide which powered units 3504 can be turned off for
the duration of the trip based on calculated or forecasted
energy needs of the vehicle system 3500 to travel along the
route 3514, as described below. The vehicle system 3500 may
turn off one or more powered units 3504 prior to leaving on
the trip if the vehicle system 3500 determines that the trip can
be accomplished (e.g., the vehicle system 3500 can travel to
the destination location) with less than all of the powered
units 3504 acting to propel the vehicle system 3500. Turning
off one or more of the powered units 3504 may allow the
vehicle system 3500 to travel to the destination location of the
trip while consuming less fuel and/or generating fewer emis-
sions relative to traveling with all of the powered units 3504
being on for all or at least a portion of the trip.

[0275] The remote powered units 3504 supply tractive
forces to propel the vehicle system 3500 along the route 3514
when the respective remote powered units 3504 are turned on.
Conversely, the individual remote powered units 3504 with-
hold tractive forces and do not supply a tractive force to
propel the vehicle system 3500 along the route 3514 when the
respective remote powered units 3504 are turned off. The lead
powered unit 3502 may control which of the remote powered
units 3504 are turned on and which of the remote powered
units 3504 are turned off based on a variety of factors. By way
of example only, the lead powered unit 3502 may turn off
some remote powered units 3504 while leaving other remote
powered units 3504 on if the remote powered units 3504 that
remain on are supplying sufficient tractive force to propel the
vehicle system 3500 along the route 3514.

[0276] The lead powered unit 3502 communicates with the
remote powered units 3504 in order to turn the remote pow-
ered units 3504 on or off. The lead powered unit 3502 may
communicate instructions to the remote powered units 3504
via a wired connection 3520 and/or a wireless connection
3522 between the lead powered unit 3502 and the remote
powered units 3504. By way of non-limiting example only,
the wired connection 3520 may be a wire or group of wires,
such as a trainline, electric multiple unit (eMU) line, MU
cables, electrically controlled pneumatic (ECP) brake line, a
distributed power (DP) communication line, and the like that
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extends through the powered units 3502, 3504 and non-pow-
ered units 3512 of the vehicle system 3500. The wireless
connection 3522 may include radio frequency (RF) commu-
nication of instructions between the lead powered unit 3502
and one or more of the remote powered units 3504, such as a
communication link provided by 220 data radios.

[0277] FIG. 36 is a schematic illustration of the isolation
control system 3600 in accordance with one embodiment.
The isolation control system 3600 enables an operator in the
lead powered unit 3502 (shown in FIG. 35) to remotely
change a powered or operational state of one or more of the
remote powered units 3504 (shown in FIG. 35). The powered
or operational state of one or more of the remote powered
units 3504 may be an “on” operational state or mode, or an
“off” operational state or mode based on whether power is
supplied to (or by) engines 3628, 3630, 3632 of the remote
powered units 3504. For example, a remote powered unit
3504 may be turned to an “off” state by shutting off power to
the engine 3628 in the remote powered unit 3504. Depending
on the type of engine involved, this may include one or more
of'the following: communicating with an engine controller or
control system that the engine is to be turned off; shutting off
a supply of electricity to the engine, where the electricity is
required by the engine to operate (e.g., spark plug operation,
fuel pump operation, electronic injection pump); shutting off
a supply of fuel to the engine; shutting off a supply of ambient
air or other intake air to the engine; restricting the output of
engine exhaust; or the like. Turning the engine 3628, 3630,
3632 of a remote powered unit 3504 off may prevent the
engine 3628, 3630, 3632 in the remote powered unit 3504
from generating electricity. (As should be appreciated, this
assumes that the engine output is connected to a generator or
alternator, as is common in a locomotive or other powered
unit; thus, unless otherwise specified, the term “engine”
refers to an engine system including an engine and alternator/
generator.) If the engine 3628, 3630, 3632 is turned off and
does not generate electricity, then the engine 3628, 3630,
3632 cannot generate electricity that is fed to one or more
corresponding electric motors 3634, 3636, 3638 in the remote
power units 3504, and the motors 3634, 3636, 3638 may be
unable to move the axles and wheels of the remote powered
unit 3504. (In this configuration, electric motors are con-
nected to the vehicle axles, via a gear set, for moving the
powered unit, while the engine is provided for generating
electricity for electrically powering the motors.) In one
embodiment, a remote powered unit 3504 is turned “off” by
directing the engine 3628, 3630, 3632 in the remote powered
unit 3504 to cease or stop supplying tractive effort. For
example, the remote powered unit 3504 may be turned off by
directing the engine 3628, 3630, 3632 of the remote powered
unit 3504 to stop supplying electricity to the corresponding
motor(s) 3634, 3636, 3638 of the remote powered unit 3504
that provide tractive effort for the remote powered unit 3504.

[0278] Inanotherembodiment, a remote powered unit 3504
(shown in FIG. 35) may be turned oft by completely shutting
down the corresponding engine 3628, 3630, 3632 of the
remote powered unit 3504. For example, the engine 3628,
3630, 3632 may be shut down such that the engine 3628,
3630, 3632 is no longer combusting, burning, or otherwise
consuming fuel to generate electricity. A remote powered unit
3504 may be changed to an “off” state by temporarily shutting
down the engine 3628, 3630, 3632 such that the engine 3628,
3630, 3632 is no longer combusting, burning, or otherwise
consuming fuel to generate electricity but for periodic or
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non-periodic and relatively short time periods where the
engine 3628, 3630, 3632 is changed to an “on” state in order
to maintain a designated or predetermined engine tempera-
ture. The power that is supplied to the engine 3628, 3630,
3632 during the short time periods may be sufficient to cause
the engine 3628, 3630, 3632 to combust some fuel while
being insufficient to enable the engine 3628, 3630, 3632 to
provide tractive effort to the corresponding remote powered
unit 3504.

[0279] In one embodiment, the state of an engine 3628,
3630, 3632 of a remote powered unit 3504 (shown in FIG. 35)
is changed to an “off” state when the power that is supplied by
the engine 3628, 3630, 3632 is reduced below a threshold at
which an Automatic Engine Start/Stop (AESS) system
assumes control of the powered or operating state of the
engine 3628, 3630, 3632. For example, the engine 3628 of the
remote powered unit 3504 may be shut off by decreasing the
power supplied by the engine 3628 to the motor 3634 until the
supplied power falls below a predetermined threshold at
which the AESS system takes over control of the engine 3628
and determines when to turn the engine 3628 completely off.
Alternatively, the engines 3628, 3630, 3632 of the remote
powered units 3504 may be individually turned on or off
independent of an AESS system. For example, the engine
3628, 3630, 3632 of a remote powered unit 3510 may be
turned on or off regardless of whether the engine 3628, 3630,
3632 is susceptible to control by an AESS system.

[0280] The isolation control system 3600 may remotely
change the powered state of the engine(s) of one or more of
the remote powered units 3504 (shown in FIG. 35) in accor-
dance with one or more of the embodiments described above.
The isolation control system 3600 includes a master isolation
unit 3602 and several slave controllers 3604, 3606, 3608. In
one embodiment, the master isolation unit 3602 is disposed in
the lead powered unit 3502. Alternatively, only a part or
subsection of the master isolation unit 3602 is disposed in the
lead powered unit 3502. For example, a user interface 3610 of
the master isolation unit 3602 may be located in the lead
powered unit 3502 while one or more other components of the
master isolation unit 3602 are disposed outside of the lead
powered unit 3502. The slave controllers 3604, 3606, 3608
are disposed in one or more of the remote powered units 3504.
For example, the slave controller 3604 may be located within
the remote powered unit 3504, the slave controller 3606 may
be disposed in the remote powered unit 3506, and the slave
controller 3608 may be located at the remote powered unit
3508. The number of slave controllers 3604, 3606, 3608 in the
isolation control system 3600 may be different from the
embodiment shown in FIG. 36. Similar to the master isolation
unit 3602, one or more components or parts of the slave
controllers 3604, 3606, 3608 may be disposed outside of the
corresponding remote powered units 3504. The master isola-
tion unit 3602 and/or slave controllers 3604, 3606, 3608 may
be embodied in one or more wired circuits with discrete logic
components, microprocessor-based computing systems, and
the like. As described below, the master isolation unit 3602
and/or the slave controllers 3604, 3606, 3608 may include
microprocessors that enable the lead powered unit 3502
(shown in FIG. 35) to remotely turn the remote powered units
3504 on or off. For example, one or more microprocessors in
the master isolation unit 3602 and/or slave controllers 3604,
3606, 3608 may generate and communicate signals between
the master isolation unit and the slave controllers 3604, 3606,
3608 that direct one or more of the corresponding engines
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3628,3630, 3632 of the remote powered units 3504 to change
the powered state of the engines 3628, 3630, 3632 from an
“on” state to an “off” state, as described above.

[0281] The master isolation unit 3602 includes the user
interface 3610 that accepts input from an operator of the
master isolation unit 3602. For example, the user interface
3610 may accept commands or directions from an engineer or
other operator of the lead powered unit 3502 (shown in FIG.
35). By way of non-limiting example only, the user interface
3610 may be any one or more of a rotary switch, a toggle
switch, a touch sensitive display screen, a keyboard, a push-
button, a software application or module running on a pro-
cessor-based computing device, and the like. The operator
inputs an isolation command 3612 into the user interface
3610. The isolation command 3612 represents a request by
the operator to turn one or more of the remote powered units
3504 on and/or to turn one or more of the remote powered
units 3504 off. The user interface 3610 communicates the
operator’s request to a master isolation module 3614.

[0282] The master isolation module 3614 receives the
operator’s request from the user interface 3610 and deter-
mines which ones of the remote powered units 3504 (shown
in FIG. 35) are to be turned on and/or which ones of the
remote powered units 3504 are to be turned off For example,
the isolation command 3612 may request that a single remote
powered unit 3506 be turned off or on. Alternatively, the
isolation command 3612 may request that a group of the
remote powered units 3504 be turned on or off. For example,
the isolation command 3612 may select the remote powered
units 3504 in a selected consist group 3516 and/or a distrib-
uted power group 3518 (shown in FI1G. 35) be turned offor on.
By way of non-limiting example only, the master isolation
module 3614 may be embodied in any one or more of hard-
wired circuitry, rotary, or other types, of switches, a micro-
processor based device, a software application or module
running on a computing device, a discrete logic device, and
the like. Based on the operator’s request communicated via
the isolation command 3612, the master isolation module
3614 conveys an isolation instruction 3616 to a master input/
output (I/O) device 3618.

[0283] The master I/O device 3618 is a device that commu-
nicates the isolation instruction 3616 to the remote powered
units 3504 (shown in FI1G. 35) selected by the master isolation
module 3614. For example, if the isolation command 3612
from the operator requests that one or more individual remote
powered units 3504 be turned off or on, or that the remote
powered units 3504 in a selected consist or distributed power
group 3516, 3518 be turned off or on, the master /O device
3618 communicates the isolation instruction 3616 to at least
those remote powered units 3504 sclected by the isolation
command 3612. By way of non-limiting example only, the
master 1/O device 3618 may be embodied in one or more of a
connector port that is electronically coupled with one or more
wires joined with the remote powered units 3504 (such as a
trainline), RF transmitter, a wireless transceiver, and the like.
In one embodiment, the master I/O device 3618 conveys the
isolation instruction 3616 to all of the remote powered units
3504 in the vehicle system 3500 (shown in FIG. 35). While
the illustrated embodiment shows the isolation instruction
3616 being communicated in parallel to the slave controllers
3604, 3606, 3608, the isolation instruction 3616 may be seri-
ally communicated among the slave controllers 3604, 3606,
3608. For example, the master I/O device 3618 may serially
convey the isolation instruction 3616 to the remote powered
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units 3504 along a trainline. The remote powered units 3504
that are to be turned on or off by the isolation instruction 3616
receive the isolation instruction 3616 and act on the isolation
instruction 3616. The remote powered units 3504 that are not
to be turned on or off by the isolation instruction 3616 ignore
the isolation instruction 3616. For example, the remote pow-
ered units 3504 may include discrete logic components that
are coupled with a trainline and that receive the isolation
instruction 3616 when the isolation instruction 3616 relates to
the remote powered units 3504 and ignores the isolation
instruction 3616 when the isolation instruction 3616 does not
relate to the remote powered units 3504.

[0284] Inanother embodiment, the master I/O device 3618
broadcasts the isolation instruction 3616 to all of the remote
powered units 3504 (shown in FIG. 35) in the vehicle system
3500 (shown in FIG. 35). For example, the master I/O device
3618 may include a wireless transceiver that transmits data
packets comprising the isolation instruction 3616 to the
remote powered units 3504. Alternatively, the master I/O
device 3618 may be an RF transmitter that transits a radio
frequency signal that includes the isolation instruction 3616.
The remote powered units 3504 may be associated with
unique identifiers, such as serial numbers, that distinguish the
remote powered units 3504 from one another. The isolation
instruction 3616 may include or be associated with one or
more of the unique identifiers to determine which of the
remote powered units 3504 are to receive and act on the
isolation instruction 3616. For example, if the unique identi-
fier of a remote powered unit 3504 matches an identifier
stored in a header of a data packet of the isolation instruction
3616 or communicated in the RF signal, then the remote
powered unit 3504 having the mating unique identifier
receives and acts on the isolation instruction 3616.

[0285] A slave input/output (I/O) device 3620 receives the
isolation instruction 3616 from the master I/O device 3618.
By way of non-limiting example only, the slave /O devices
3620 may be embodied in one or more of a connector port that
is electronically coupled with one or more wires joined with
the lead powered unit 3502 (such as a trainline), an RF trans-
mitter, a wireless transceiver, and the like. The slave 1/O
devices 3620 convey the isolation instruction 3616 to a slave
isolation module 3622.

[0286] The slave isolation module 3622 receives the isola-
tion instruction 3616 from the slave I/O device 3620 and
determines if the corresponding remote powered unit 3504
(shown in FIG. 35) is to be turned on or off in response to the
isolation instruction 3616. The slave isolation module 3622
may include logic components to enable the slave isolation
module 3622 to determine whether the associated remote
powered unit 3504 (shown in FIG. 35) is to obey or ignore the
isolation instruction 3616. For example, the slave isolation
modules 3622 may include one or more of hardwired cir-
cuitry, relay switches, a microprocessor based device, a soft-
ware application or module running on a computing device,
and the like, to determine if the associated remote powered
unit 3504 is to act on the isolation instruction 3616.

[0287] If the slave isolation module 3622 determines that
the corresponding remote powered unit 3504 (shown in FI1G.
35) is to be turned on or off in response to the isolation
instruction 3616, then the slave isolation module 3622 com-
municates an appropriate command 3624 to an engine inter-
face device 3626. The engine interface device 3626 receives
the command 3624 from the slave isolation module 3622 and,
based on the command 3624, directs the engine 3628, 3630,
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3632 of the corresponding remote powered unit 3504 to turn
on or off. For example, the engine interface device 3626
associated with the remote powered unit 3504 may commu-
nicate the command 3624 to the engine 3628 of the remote
powered unit 3504. By way of non-limiting example only, the
engine interfaces 3626 may be embodied in one or more of a
connector port that is electronically coupled with the engines
3628, 3630, 3632 via one or more wires. Upon receiving the
command 3624 from the engine interfaces 3626, the engines
3628,3630, 3632 may change operational states from “on” to
“off)” or from “off” to “on” As described above, in one
embodiment, the engines 3628, 3630, 3632 may turn off and
cease supplying electricity to a corresponding motor 3634,
3636, 3638 in order to cause the motor 3634, 3636, 3638 to
supply or withhold application of tractive force. For example,
if the engine 3630 receives a command 3624 directing the
engine 3630 to turn off and the engine 3632 receives a com-
mand 3624 directing the engine 3632 to turn on, then the
engine 3630 shuts down and stops providing electricity to the
motor 3636, which in turn stops providing a tractive force to
propel the vehicle system 3500 (shown in FIG. 35), while the
engine 3632 turns on and begins supplying electricity to the
motor 3638 to cause the motor 3638 to provide a tractive force
to propel the vehicle system 3500.

[0288] In one embodiment, the engine 3628, 3630, 3632
turns on or off within a predetermined time period. For
example, an engine 3628 that is used to supply tractive effort
may shut off within a predetermined time period after the
slave isolation module 3622 receives the isolation instruction
3616. The predetermined time period may be established or
set by an operator of the system 3600. The turning on or off of
the engine 3628, 3630, 3632 within a predetermined time
period after the slave isolation module 3622 receives the
isolation instruction 3616 may permit an operator in the lead
powered unit 3502 (shown in FIG. 35) to send the isolation
instruction 3616 to the remote powered units 3504 (shown in
FIG. 35) to turn off the engines 3628, 3630, 3632 immedi-
ately, or at least relatively soon after the isolation command
3612 is input into the user interface 3610. For example, the
slave isolation modules 3622 may turn off the engines 3628,
3630, 3632 without waiting for the engines 3628, 3630, 3632
to cool down to a threshold temperature.

[0289] The master isolation unit 3602 may convey addi-
tional isolation instructions 3616 to the slave controllers
3604, 3606, 3608 during a trip. A trip includes a predeter-
mined route between two or more waypoints or geographic
locations over which the vehicle system 3500 (shown in FIG.
35) moves. For example, an operator in the lead powered unit
3502 (shown in FIG. 35) may periodically input isolation
commands 3612 into the master isolation unit 3602 to vary
the total amount of tractive force supplied by the powered
units 3502, 3504 (shown in FIG. 35). The operator may vary
the number and/or type of powered units 3502, 3504 being
used to supply tractive force to propel the vehicle system 3500
during the trip in order to account for various static or
dynamically changing factors and parameters, such as, but
not limited to, a speed limit of the vehicle system 3500, a
changing grade and/or curvature of the route 3514 (shown in
FIG. 35), the weight of the vehicle system 3500, a distance of
the trip, a distance of a segment or subset of the trip, a
performance capability of one or more of the powered units
3502, 3504, a predetermined speed of the vehicle system
3500, and the like.
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[0290] FIG. 37 is a schematic diagram of an isolation con-
trol system 3702 in accordance with another embodiment.
The control system 3702 may be similar to the control system
3600 (shown in FIG. 376). For example, the control system
3702 may be used to remotely turn one or more remote
powered units 3504 (shown in FIG. 375) on or off from the
lead powered unit 3502 (shown in FIG. 375). The control
system 3702 is a microprocessor-based control system. For
example, the control system 3702 includes one or more
microprocessors 3708, 3720 that permit an operator to manu-
ally turn one or more of the remote powered units 3504 on or
off. Additionally, the control system 3702 may be utilized to
automatically turn one or more of the remote powered units
3504 on or off.

[0291] The control system 3702 includes a master isolation
unit 3704 and a slave controller 3704. The master isolation
unit 3704 may be similar to the master isolation unit 3602
(shown in FIG. 376). For example, the master isolation unit
3704 includes a master isolation module 3714, a user inter-
face 3710, and a master I/O device 3718. The user interface
3710 may be the same as, or similar to, the user interface 3610
(shown in FIG. 376) and the master 1/O device 3718 may be
the same as, or similar to, the master I/O device 3618 (shown
in FIG. 376). The master isolation module 3714 includes a
memory 3706 and a microprocessor 3708. The memory 3706
represents a computer readable storage device or medium.
The memory 3706 may include sets of instructions that are
used by the microprocessor 3708 to carry out one or more
operations. By way of example only, the memory 3706 may
be embodied in one or more of an electrically erasable pro-
grammable read only memory (EEPROM), a read only
memory (ROM), a programmable read only memory
(PROM), an erasable programmable read only memory
(EPROM), or FLASH memory. The microprocessor 3708
represents a processor, microcontroller, computer, and/or
other electronic computing or control device (e.g., a circuit or
circuitry) that is configured to execute executing instructions
stored on the memory 3706. (Thus, unless otherwise speci-
fied, the term “microprocessor” includes any of the aforemen-
tioned devices.)

[0292] The slave controller 3704 may be similar to one or
more of the slave controllers 3604, 3606, 3608 (shown in F1G.
376). For example, the slave controller 3704 includes a slave
isolation module 3722, an engine interface 3726, and a slave
1/0 device 3720. The engine interface 3726 may be the same
as, or similar to, the engine interface 3626 (shown in FIG.
376) and the slave 1/O device 3720 may be the same as, or
similar to, the slave [/O device 3620 (shown in FIG. 376). The
slave isolation module 3722 may include a memory 3712 and
amicroprocessor 3716. Alternatively, one or more ofthe slave
controllers 3704 in the remote powered units 3504 (shown in
FIG. 375) does not include memories 3712 and/or micropro-
cessors 3716. The memory 3712 may be the same as, or
similar to, the memory 3706 in the master isolation module
3714 and the microprocessor 3716 may be the same as, or
similar to, the microprocessor 3708 in the master isolation
module 3714.

[0293] In operation, the master isolation unit 3704
remotely turns the engines 3628, 3630, 3632 (shown in FIG.
376) on or off in a manner similar to the master isolation unit
3602 (shown in FIG. 376). The user interface 3710 receives
the isolation command 3612 and communicates the isolation
command 3612 to the microprocessor 3708 of the master
isolation module 3714. The master isolation module 3714
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receives the isolation command 3612 and determines which
remote powered units 3504 (shown in FIG. 375) are to be
turned on or off based on the isolation command 3612. The
master isolation module 3714 may query the memory 3706 to
determine which remote powered units 3504 to turn on or off.
For example, if the isolation command 3612 requests that the
remote powered units 3504 in a selected consist or distributed
power group 3516, 3518 (shown in FIG. 375) be turned off,
the microprocessor 3708 may request a list of the remote
powered units 3504 that are in the selected consist or distrib-
uted power group 3516, 3518. The master isolation module
3714 then sends the isolation instruction 3616 to the master
1/0 device 3718, which conveys the isolation instruction 3616
to the selected remote powered units 3504. For example, the
microprocessor 3708 may direct the master /O device 3718
to communicate the isolation instruction 3616 only to the
remote powered units 3504 selected by the isolation com-
mand 3612. In another example, the microprocessor 3708
may embed identifying information in the isolation command
3612. As described above, the identifying information may be
compared to a unique identifier associated with each remote
powered unit 3504 to determine which of the remote powered
units 3504 are to act on the isolation instruction 3616.

[0294] In one embodiment, the master isolation module
3714 automatically generates the isolation instruction 3616
and communicates the isolation instruction 3616 to one or
more of the remote powered units 3504 (shown in FIG. 375).
For example, the master isolation module 3714 may deter-
mine a tractive effort needed or required to propel the vehicle
system 3500 (shown in FIG. 375) along a trip or a segment of
the trip. The microprocessor 3708 may calculate the required
tractive effort from information and data stored in the
memory 3706. By way of example only, the microprocessor
3708 may obtain and determine the required tractive effort
based on the distance of the trip, the distance of one or more
of the trip segments, the performance capabilities of one or
more of the powered units 3502, 3504 (shown in FIG. 375),
the curvature and/or grade of the route 3514 (shown in FIG.
375), transit times over the entire trip or a trip segment, speed
limits, and the like.

[0295] As the vehicle system 3500 (shown in FIG. 375)
moves along the route 3514 (shown in FIG. 375) during the
trip, the microprocessor 3708 of the master isolation module
3714 may adaptively generate and communicate isolation
instructions 3616 to the slave controllers 3704 of the remote
powered units 3504 (shown in FIG. 375) to vary which of the
remote powered units 3504 are turned on or off. During some
segments of a trip, the required tractive effort may increase.
For example, if the grade of the route 3514 or the speed limit
increases, the microprocessor 3708 may determine that addi-
tional remote powered units 3504 need to be turned on to
increase the total tractive force provided by the powered units
3502, 3504 (shown in FIG. 375). The microprocessor 3708
may automatically generate an isolation instruction 3616 that
turns on one or more remote powered units 3504 that previ-
ously were turned off. Alternatively, during other segments of
atrip, the required tractive effort may decrease. For example,
if the grade of the route 3514 or the speed limit decreases, the
microprocessor 3708 may determine that fewer remote pow-
ered units 3504 are needed to propel the vehicle system 3500.
The microprocessor 3708 may automatically generate an iso-
lation instruction 3616 that turns off one or more remote
powered units 3504 that previously were turned on. The
selection of which remote powered units 3504 are turned on
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or off may be based on the performance capabilities of the
remote powered units 3504. The performance capabilities
may include the tractive force provided by the various remote
powered units 3504, the rate at which the remote powered
units 3504 burn fuel, an exhaust emission of the remote pow-
ered units 3504, an EPA Tier level of the remote powered
units 3504, the horsepower to weight ratio of the remote
powered units 3504, and the like.

[0296] The slave controllers 3704 of one or more of the
remote powered units 3504 (shown in FIG. 375) receive the
isolation instruction 3616 and, based on the isolation instruc-
tion 3616, turn the corresponding engines 3628, 3630, 3632
(shown in FIG. 376) on or off, similar to as described above.
In one embodiment, the microprocessors 3716 in the slave
controllers 3704 receive the isolation instruction 3616 and
determine if the isolation instruction 3616 applies to the cor-
responding remote powered unit 3504. For example, the
microprocessor 3716 may compare identifying information
in the isolation instruction 3616 to aunique identifier stored in
the memory 3712 and associated with the corresponding
remote powered unit 3504. If the identifying information and
the unique identifier match, the microprocessor 3716 gener-
ates and communicates the command 3624 to the engine
interface 3726. As described above, the engine interface 3726
receives the command 3624 and turns the associated engine
3628, 3630, 3632 on or off based on the command 3624.

[0297] Inone embodiment, the slave controller 3704 of one
or more of the remote powered units 3504 (shown in FIG.
375) provides feedback 3728 to the master isolation unit
3704. Based on the feedback 3728, the master isolation unit
3704 may automatically generate and communicate isolation
instructions 3616 to turn one or more of the remote powered
units 3504 on or off. Alternatively, the master isolation unit
3704 may determine a recommended course of action based
on the feedback 3728 and report the recommended course of
action to an operator. For example, the master isolation unit
3704 may display several alternative courses of action on a
display device that is included with or communicatively
coupled with the user interface 3710. An operator may then
use the user interface 3710 to select which of the courses of
action to take. The master isolation module 3714 then gener-
ates and communicates the corresponding isolation instruc-
tion 3616 based on the selected course of action.

[0298] The feedback 3728 may include different amounts
of fuel that are consumed or burned by the remote powered
units 3504 (shown in FIG. 375). For example, the micropro-
cessor 3716 in at least one of the remote powered units 3504
may calculate the various amounts of fuel that will be con-
sumed by the powered units 3502, 3504 (shown in FIG. 375)
of the vehicle system 3500 (shown in FIG. 375) over a time
period with different combinations of the powered units
3502, 3504 turned on or off. In one embodiment, a micropro-
cessor 3716 in each consist group 3516 (shown in FIG. 375)
and/or distributed power group 3518 (shown in FIG. 375)
calculates the amount of fuel that will be consumed by the
vehicle system 3500 with the remote powered units 3504 in
the corresponding consist or distributed power group 3516,
3518 turned on and the amount of fuel that will be consumed
by the vehicle system 3500 with the remote powered units
3504 in the consist or distributed power group 3516, 3518
turned off. The calculated amounts of fuel are conveyed to the
slave /O device 3720 and reported to the master isolation unit
3704 as the feedback 3728. Based on the feedback 3728, the
master isolation unit 3704 determines whether to turn on or
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off one or more of the remote powered units 3504. For
example, each consist group 3516 and/or distributed power
group 3518 may provide feedback 3728 that notifies the mas-
ter isolation unit 3704 of the different amounts of fuel that
will be consumed if the various groups 3516, 3518 are turned
on or off. The microprocessor 3708 in the master isolation
unit 3704 examines the feedback 3728 and may generate
automated isolation instructions 3616 to turn one or more of
the remote powered units 3504 on or off based on the feed-
back 3728.

[0299] As described above and as an alternative to micro-
processor-based remote control of which remote powered
units 3504 (shown in FIG. 375) are turned on or off, the
control system 3600 (shown in FIG. 376) may use various
circuits and switches to communicate the isolation instruc-
tions 3616 (shown in FIG. 376) and to determine whether
particular remote powered units 3504 are to act on the isola-
tion instructions 3616. By way of example only, the powered
units 3502, 3504 (shown in FIG. 375) may include rotary
switches that are joined with a trainline extending through the
vehicle system 3500. Based on the positions of the rotary
switches, the remote powered units 3504 may be remotely
turned on or off from the lead powered unit 3502. For
example, if the rotary switches in each of the lead powered
unit 3502 and the remote powered units 3504, 3506 are in a
first position while the rotary switches in the remote powered
units 3508, 3510 are in a second position, then the isolation
instruction 3616 is acted on by the remote powered units
3504, 3506 while the remote powered units 3508, 3510 ignore
the isolation instruction 3616.

[0300] FIG. 38 is a flowchart for a method 3800 of control-
ling a train that includes a lead powered unit and a remote
powered unit in accordance with one embodiment. For
example, the method 3800 may be used to permit an operator
in the lead powered unit 3502 (shown in FIG. 35) to remotely
turn one or more of the remote powered units 3504 (shown in
FIG. 35) on or off.

[0301] At 3802, a user interface is provided in the lead
powered unit. For example, the user interface 3610, 3710
(shown in FIGS. 36 and 27) may be provided in the lead
powered unit 3502. The master isolation unit 3602, 3704
(shown in FIGS. 36 and 37) also may be provided in the lead
powered unit 3502. At 3804, an isolation command is
received by the user interface. For example, the isolation
command 3612 may be received by the user interface 3610 or
3710.

[0302] At 3806, an isolation instruction is generated based
on the isolation command. For example, the isolation instruc-
tion 3616 (shown in FIG. 36) may be generated by the master
isolation module 3614, 3714 (shown in FIGS. 36 and 37)
based on the isolation command 3612. At 3808, 3810, 3812,
3814, 3816, 3818, the isolation instruction is communicated
to the slave controllers of the remote powered units in a serial
manner. For example, the isolation instruction 3616 is serially
communicated among the remote powered units 3504 (shown
in FIG. 35). Alternatively, the isolation instruction 3616 is
communicated to the slave controllers 3604, 3606, 3608,
3704 (shown in FIGS. 36 and 37) of the remote powered units
3504 in parallel.

[0303] At 3808, the isolation instruction is communicated
to the slave controller of one of the remote powered units. For
example, the isolation instruction 3616 (shown in FIG. 36)
may be communicated to the slave controller 3604, 3704
(shown in FIGS. 36 and 37) of the remote powered unit 3504



US 2014/0094998 Al

(shownin FIG. 35). At 3810, the isolation instruction is exam-
ined to determine if the isolation instruction directs the slave
controller that received the isolation instruction to turn off the
engine of the corresponding remote powered unit. If the iso-
lation instruction does direct the slave controller to turn off
the engine, flow of the method 3800 continues to 3812. At
3812, the engine of the remote powered unit is turned off and
flow of the method 3800 continues to 3818. On the other
hand, if the isolation instruction does not direct the slave
controller to turn the engine off, flow of the method 3800
continues to 3814. For example, the isolation instruction 3616
may be examined by the slave isolation module 3622, 3722
(shown in FIGS. 36 and 37) of the remote powered unit 3504
to determine if the isolation instruction 3616 directs the
remote powered unit 3504 to turn off. If the isolation instruc-
tion 3616 directs the remote powered unit 3504 to turn off, the
slave controller 3604, 3704 directs the engine 3628 (shown in
FIG. 376) of the remote powered unit 3504 to turn off. Oth-
erwise, the slave controller 3604, 3704 does not direct the
engine 3628 to turn off.

[0304] At 3814, the isolation instruction is examined to
determine if the isolation instruction directs the slave control-
ler that received the isolation instruction to turn on the engine
of the corresponding remote powered unit. If the isolation
instruction does direct the slave controller to turn on the
engine, flow of the method 3800 continues to 3816. At 3816,
the engine of the remote powered unit is turned on. For
example, the isolation instruction 3616 (shown in FIG. 36)
may be examined by the slave isolation module 3622, 3722
(shown in FIGS. 36 and 37) of the remote powered unit 3504
(shown in FIG. 35) to determine if the isolation instruction
3616 directs the remote powered unit 3504 to turn on. If the
isolation instruction 3616 directs the remote powered unit
3504 to turn on, the slave controller 3604, 3704 directs the
engine 3628 (shown in FIG. 36) of the remote powered unit
3504 to turn on. On the other hand, if the isolation instruction
does not direct the slave controller to turn the engine on, flow
of the method 3800 continues to 3818.

[0305] At 3818, the isolation instruction is communicated
to the slave controller of the next remote powered unit. For
example, after being received and examined by the slave
controller 3604, 3704 (shown in FIGS. 36 and 37) of the
remote powered unit 3504 (shown in FIG. 35), the isolation
instruction 3616 is conveyed to the slave controller 3604,
3704 of the remote powered unit 3506 (shown in FIG. 35).
Flow of the method 3800 may then return to 3810, where the
isolation instruction is examined by the next remote powered
unit in a manner similar to as described above. The method
3800 may continue in a loop-wise manner through 3810-3818
until the remote powered units have examined and acted on,
or ignored, the isolation instruction.

[0306] In another embodiment, the method 3800 does not
communicate and examine the isolation instructions in a
serial manner through the remote powered units. Instead, the
method 3800 communicates the isolation instruction to the
remote powered units in a parallel manner. For example, each
of the remote powered units 3504 (shown in FIG. 35) may
receive the isolation instruction 3616 (shown in FIG. 36) in
parallel and act on, or ignore, the isolation instruction 3616 in
a manner described above in connection with 3810, 3812,
3814.

[0307] FIG. 39 is a schematic illustration of another
embodiment of a vehicle system 3900. The vehicle system
3900 is shown as being a train, but alternatively may be
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formed from one or more other types of vehicles. The vehicle
system 3900 may be similar or identical to one or more of the
other vehicle systems or consists described herein, such as the
vehicle system 3500 shown in FIG. 35, and can include a lead
vehicle or powered unit 3902 coupled with several remote
vehicles or powered units 3904 (e.g., 3904a-¢) and non-pow-
ered vehicles or units 3906 (e.g., 3906a-¢). The lead vehicle
3902 and remote vehicles 3904 may be referred to as powered
vehicles or powered units as the lead vehicle 3902 and remote
vehicles 3904 are capable of generating tractive efforts for
self propulsion. For example, the lead vehicle 3902 and
remote vehicles 3904 may be locomotives traveling along a
route 3908 (e.g., a track). The non-powered vehicles 3906
may be incapable of generating tractive efforts for self pro-
pulsion. For example, the non-powered vehicles 3906 may be
cargo cars that carry goods and/or persons along the route
3908. The number of vehicles 3902, 3904, 3906 shown in
FIG. 39 is provided as an example and is not intended to limit
all embodiments of the subject matter described herein.

[0308] The remote vehicles 3904 are arranged in motive
power groups to define vehicle consists 3910, 3912. The
remote vehicles 3904 in a consist 3910 and/or 3912 may be
mechanically and/or logically linked together to provide trac-
tive effort and/or braking effort to propel and/or stop move-
ment of the vehicle system 3900. In one embodiment, the lead
vehicle 3902 coordinates control of the remote vehicles 3904
in the consists 3910, 3912 to control a net or total tractive
effort and/or braking effort of the vehicle system 3900. For
example, the vehicle system 3900 may operate in a distributed
power (DP) mode of operation where the lead vehicle 3902
remotely directs the tractive efforts and/or braking efforts of
the remote vehicles 3904 in the consists 3910, 3912 from the
lead vehicle 3902. In the illustrated embodiment, the lead
vehicle 3902 is interconnected with, but spaced apart from,
the consists 3910, 3912 by one or more non-powered vehicles
3906.

[0309] Thelead vehicle 3902 and the remote vehicles 3904
are communicatively coupled with each other by one or more
wired and/or wireless connections or communication links.
As used herein, the term “communicatively coupled” means
that two components are able to communicate (e.g., transmit
and/or receive) data with each other by wired and/or wireless
connections. For example, the lead vehicle 3902 may com-
municate with one or more of the remote vehicles 3904 via a
wireless network. Alternatively, or additionally, the lead
vehicle 3902 may be conductively coupled with the remote
vehicles 3904 by one or more tangible communication path-
ways 3914, such as conductive wires or cables (e.g., multiple
unit or MU cable bus), fiber optic cables, and the like. As
described below, the lead vehicles 3902 and the remote
vehicles 3904 may communicate with each other using elec-
trically powered communication devices. The communica-
tion devices can include transceivers and/or antennas that
communicate data (e.g., network or packetized data or non-
network data) between each other through one or more of the
communication links between the communication devices.

[0310] One or more of the communication devices in the
consists 3910, 3912 may be powered by the remote vehicles
3904. For example, each of the remote vehicles 3904 in the
consists 3910, 3912 can include a propulsion subsystem that
generates electric current to, among other things, power trac-
tion motors to propel the vehicle system 3900 and/or power
communication devices disposed on-board the remote
vehicles 3904. Alternatively, one or more of the communica-
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tion devices in the consists 3910, 3912 may be powered from
an off-board power source, such as a source of electric current
that is not located on the vehicle system 3900. For example,
the communication devices may receive electric current from
autility power grid via an overhead catenary, a powered third
rail, or the like.

[0311] During travel of the vehicle system 3900 along the
route 3914 for a trip, the vehicle system 3900 may demand
less tractive effort than can be provided by the coordinated
efforts of the lead powered unit 3902 and the remote powered
units 3904. For example, the vehicle system 3900 may be
traveling ahead of a schedule and may need to slow down to
be back on schedule, the vehicle system 3900 may be travel-
ing down a decline in the route 3914, the vehicle system 3900
may have burned fuel and/or dropped off cargo such that the
weight of the vehicle system 3900 is less and less tractive
effort is required to propel the vehicle system 3900, and the
like. In order to provide less tractive effort, one or more of the
remote powered units 3904 may turn off, such as by deacti-
vating the propulsion subsystem on the remote powered unit
3904 so that the propulsion subsystem is not generating elec-
tric current to power traction motors and/or a communication
device on the remote powered unit 3904.

[0312] Inoneembodiment, one or more of the remote pow-
ered units 3904 may switch from an ON mode of operation to
an OFF mode of operation while the vehicle system 3900 is
moving along the route 3914. In the ON mode, the propulsion
subsystem of a remote powered unit 3904 is turned on and
activated such that the propulsion subsystem generates elec-
tric current to power propulsion devices (e.g., traction
motors) that provide tractive effort and/or a communication
device disposed on-board the remote powered unit 3904. In
the OFF mode, the propulsion subsystem of the remote pow-
ered unit 3904 may be turned off and deactivated such that the
propulsion subsystem does not generate electric current to
power the propulsion devices and/or the communication
device. As a result, a communication link between the com-
munication device of the remote powered unit 3904 that is in
the OFF mode and the lead powered unit 3902 may be broken
or interrupted.

[0313] Alternatively, in the OFF mode of operation, the
propulsion subsystem of a remote powered unit 3904 may be
placed into idle instead of turned off and deactivated. By
“idle,” it is meant that the propulsion subsystem remains
active to produce electric current to power a communication
device such that a communication link between the consist
that includes the remote powered unit 3904 and the lead
powered unit 3902 remains active, but the propulsion sub-
system does not produce electric current to propel the remote
powered unit 3904. For example, the propulsion subsystem
may not produce sufficient electric current to power traction
motors that propel the remote powered unit 3904.

[0314] Asdescribed above, thelead powered unit 3902 may
control or direct the tractive efforts of the remote powered
units 3904 in the consists 3910, 3912 by sending instructions
to the communication devices of one or more of the remote
powered units 3904 in the consists 3910, 3912. When one or
more of the remote powered units 3904 in a consist 3910
and/or 3912 are switched to the OFF mode of operation, at
least one of the communication devices of the remote pow-
ered units 3904 in the consist 3910 and/or 3912 remains on
and powered such that the lead powered unit 3902 can con-
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tinue to communicate with the remote powered units 3904 in
the consists 3910, 3912 that are operating in the ON mode of
operation.

[0315] For example, if the remote powered unit 3904A of
the consist 3910 switches to the OFF mode of operation, the
other remote powered unit 39048 in the consist 3910 may
remain in the ON mode of operation so that the communica-
tion device of the remote powered unit 3904B can continue to
communicate with the lead powered unit 3902 and the lead
powered unit 3902 can continue to control the tractive efforts
and/or braking efforts of the remote powered unit 3904B. In
another example, if the remote powered units 3904C and
3904E of the consist 3912 switch to the OFF mode of opera-
tion, the other remote powered unit 3904D in the consist 3912
may remain in the ON mode of operation so that the commu-
nication device of the remote powered unit 3904D can con-
tinue to communicate with the lead powered unit 3902 and the
lead powered unit 3902 can continue to control the tractive
efforts and/or braking efforts of the remote powered unit
3904D.

[0316] Inoneembodiment, when one or more remote pow-
ered units 3904 of the vehicle system 3900 switch to the OFF
mode of operation, at least one remote powered unit 3904 in
each consist 3910, 3912 remains in the ON mode of operation
to power at least one communication device in each consist
3910, 3912. For example, at least one communication device
continues to receive electric current generated by a remote
powered unit 3904 such that the lead powered unit 3902 can
continue to issue control instructions to the remote powered
units 3904 in the ON mode of operation. The remote powered
unit 3904 in each consist 3910, 3912 that remains in the ON
mode of operation may be the same remote powered unit
3904 that has the communication device that communicates
with the lead powered unit 3902 to receive the control instruc-
tions from the lead powered unit 3902 to remotely control
tractive efforts and/or braking efforts of the remote powered
unit3904. For example, if the remote powered unit 3904C has
the communication device that is configured to receive con-
trol instructions from the lead powered unit 3902, then the
remote powered unit 3904C may remain in the ON mode of
operation while the remote powered unit 3904D and/or the
remote powered unit 3904E turn to the OFF mode of opera-
tion. By “remotely control,” it is meant that the lead powered
unit 3902 controls the remote powered units 3904 from a
location that is disposed off-board the remote powered units
3904.

[0317] Alternatively, the remote powered unit 3904 in each
consist 3910, 3912 that remains in the ON mode of operation
may be a different remote powered unit 3904 that has the
communication device that communicates with the lead pow-
ered unit 3902 to receive the control instructions from the lead
powered unit 3902 to remotely control tractive efforts and/or
braking efforts of the remote powered unit 3904. For
example, if the remote powered unit 3904C has the commu-
nication device that is configured to receive control instruc-
tions from the lead powered unit 3902, then the remote pow-
ered unit 3904D and/or the remote powered unit 3904FE may
remain in the ON mode of operation and supply electric
current to the communication device to power the communi-
cation device (e.g., through one or more conductive pathways
extending between the remote vehicles) while the remote
powered unit 3904C switches to the OFF mode of operation.
[0318] In one embodiment, by keeping at least one com-
munication device of each consist 3910, 3912 on and acti-
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vated, one or more remote powered units 3904 in the consist
3910 and/or 3912 may switch to the OFF mode of operation
while the communication device can continue to receive con-
trol instructions from the lead powered unit 3902 for the
remote powered units 3904 that are in the ON mode of opera-
tion. The vehicle system 3900 can continue to travel along the
route 3914 with different remote powered units 3904 switch-
ing between ON and OFF modes of operation to, among other
things, reduce the fuel consumed by the vehicle system 3900.

[0319] FIG. 40 is a schematic illustration of one embodi-
ment of the lead powered unit 3902 in the vehicle system 3900
shown in FIG. 39. The lead powered unit 3902 includes a
controller device 4000 that forms the control instructions
used to direct the tractive efforts and/or braking efforts of the
remote powered units 3904 (shown in FIG. 39). For example,
in a DP operation of the vehicle system 3900, the controller
device 4000 can form data messages that are communicated
to the remote powered units 3904 and that direct the remote
powered units 3904 to change the tractive efforts and/or brak-
ing efforts provided by the remote powered units 3904. The
controller device 4000 can include one or more input/output
devices that enable a human operator to manually control the
tractive efforts and/or braking efforts of the lead powered unit
3902 and/or remote powered units 3904.

[0320] The lead powered unit 3902 includes an isolation
control system 4014 that can be used to electrically isolate
one or more remote powered units 3904 (shown in FIG. 39) in
the consist 3910 and/or 3912 (shown in FIG. 39). In one
embodiment, the isolation control system 4014 may be simi-
lar to the isolation control systems shown in FIGS. 36 and 27.
In the illustrated embodiment, the isolation control system
4014 includes an isolation module 4002 and a communica-
tion device 4008. The isolation module 4002 determines
which remote powered units 3904 (shown in FIG. 39) to
switch between the ON mode of operation and OFF mode of
operation and/or when to switch the mode of operation of the
remote powered units 3904. The isolation module 4002 can
make this determination based on a variety of factors. In one
embodiment, the isolation module 4002 can decide to turn
one or more of the remote powered units 3904 to the OFF
mode of operation based on an amount of fuel carried by the
vehicle system 3900. For example, the isolation module 4002
may determine that a first remote powered unit 3904 is to be
turned to the OFF mode of operation while at least a second
remote powered unit 3904 remains in the ON mode of opera-
tion such that the first remote powered unit 3904 maintains at
least a threshold volume or amount of fuel for use by the
propulsion subsystem on the first remote powered unit 3904.
The isolation module 4002 may keep the second remote pow-
ered unit 3904 in the ON mode of operation until the volume
or amount of fuel carried by the second remote powered unit
3904 reaches the same or a different threshold volume or
amount of fuel. The isolation module 4002 can then switch
the first remote powered unit 3904 to the ON mode of opera-
tion and the second remote powered unit 3904 to the OFF
mode of operation.

[0321] The isolation module 4002 can continue to switch
which remote powered units 3904 are in the ON mode of
operation and which remote powered units 3904 are in the
OFF mode of operation to achieve a desired distribution of
fuel being carried by the remote powered units 3904 along the
length of the vehicle system 3900. For example, the isolation
module 4002 can vary which remote powered units 3904 are
in the different modes of operation for different periods of
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time such that the amount of fuel carried by each remote
powered unit 3904 is within a predetermined percentage or
fraction of each other (e.g., and the distribution of fuel being
carried is approximately equal or balanced throughout the
length of the vehicle system 3900). Alternatively, the isola-
tion module 4002 may change the modes of operation over
time such that a subset of the remote powered units 3904
located in a particular area of the vehicle system 3900 (e.g.,
the consist 3910) carry a different amount of fuel relative to a
different subset of the remote powered units 3904 in a difter-
ent area of the vehicle system 3900 (e.g., the consist 3912). A
distribution of fuel being carried by the remote powered units
3904 along the length of the vehicle system 3900 may be
expressed as a volume or amount of fuel carried by the remote
powered units 3904 at each location of the remote powered
units 3904 in the vehicle system 3900. For example, such a
distribution may be expressed as “First Remote Powered Unit
3904 A carrying 5,000 pounds of fuel; Second Remote Pow-
ered Unit 3904B carrying 3,000 pounds of fuel; Third Remote
Powered Unit 3904C carrying 4,000 pounds of fuel” and so
on.

[0322] The lead powered unit 3902 includes a propulsion
subsystem 4004 that provides tractive effort and/or braking
effort of the lead powered unit 3902. As described below in
connection with the remote powered units 3904 (shown in
FIG. 39), the propulsion subsystem 4004 can include an
engine that consumes fuel to rotate a shaft connected to an
electrical alternator or generator, which generates electric
current to power traction motors of the lead powered unit
3902. The traction motors can rotate axles and/or wheels
4006 ofthe lead powered unit 3902 to propel the lead powered
unit3902. The propulsion subsystem 4004 can include brakes
(e.g., air brakes or regenerative/resistive brakes) that slow or
stop movement of the lead powered unit 3902.

[0323] The lead powered unit 3902 includes the communi-
cation device 4008 that communicates with one or more of the
remote powered units 3904 (shown in FIG. 39). For example,
the communication device 4008 may transmit the control
instructions from the controller device 4000 to the remote
powered units 3904 so that the lead powered unit 3902 can
control the tractive efforts and/or braking efforts of the remote
powered units 3904. The communication device 4008 may
include atransceiver device or transmitter that is conductively
coupled with the communication pathway 3914 (e.g., a cable
bus or MU cable bus). The communication device 4008 can
communicate the control instructions to the remote powered
units 3904 through the communication pathway 3914. Alter-
natively or additionally, the communication device 4008 may
be coupled with an antenna 4010 to wirelessly transmit the
control instructions to the remote powered units 3904, such as
over a wireless network between the antenna 4010 and the
remote powered units 3904.

[0324] Inone embodiment, the controller device 4000 may
cause a responsive action to be taken when a communication
interruption event occurs. A communication interruption
event can occur when a communication link between the
communication device 4008 and one or more of the consists
3910, 3912 (shown in FIG. 39) is interrupted or broken. For
example, if the communication device 4008 loses or is oth-
erwise unable to communicate control instructions with com-
munication devices of the consists 3910, 3912 such that the
controller device 4000 is unable to continue remotely con-
trolling the remote powered units 3904 in the consists 3910,
3912, then the controller device 4000 may cause a responsive
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action to be taken. A “broken” or “interrupted” communica-
tion link may be more than a temporary or transient interrup-
tion in communication. For example, a broken or interrupted
communication link may exist when the lead powered unit
3902 transmits one or more control instructions to a remote
powered unit 3904 and does not receive a confirmation or
response from the remote powered unit 3904 within a prede-
termined period of time, such as within one second, ten sec-
onds, one minute, four minutes, or the like.

[0325] The responsive action that is taken may be a penalty
or an emergency response, such as to apply brakes of the lead
powered unit 3902, remote powered units 3904, and/or non-
powered powered units 3906 (shown in FIG. 39) to stop or
slow movement of the vehicle system 3900. The responsive
action can be taken to avoid an accident if the controller
device 4000 loses the ability to communicate with one or
more of the remote powered units 3904 in the consists 3910,
3912.

[0326] Intheillustrated embodiment, the lead powered unit
3902 includes an energy management system 4012 that deter-
mines operational settings of the vehicle system 3900 (e.g.,
the tractive efforts and/or braking efforts of one or more of the
powered units 3902, 3904 shown in FIG. 39) during a trip of
the vehicle system 3900. Alternatively, the energy manage-
ment system 4012 may be disposed off-board the powered
unit 3902, such as on another powered unit of the vehicle
system, a non-powered unit of the vehicle system, or at a
dispatch facility or other location. These operational settings
may be designated as a function of one or more of distance
along the route 3914 and/or time elapsed during the trip. A
trip of the vehicle system 3900 includes the travel of the
vehicle system 3900 along the route 3914 (shown in FIG. 39)
from a starting location to a destination location, as described
above. The trip plan may dictate or establish various tractive
efforts and/or braking efforts of the different vehicles in a
vehicle system for different portions or segments of the trip of
the vehicle system. For example, the trip plan may include
different throttle settings and/or brake settings for the lead
vehicle and remote vehicles of the vehicle system during
various segments of the trip. The trip plan may be based on a
trip profile that includes information related to the vehicle
system 3900, the route 3914, the geography over which the
route 3914 extends, and other information in order to control
the tractive efforts and/or braking efforts of one or more of the
lead powered unit 3902 and/or remote powered units 3904.

[0327] The energy management system 4012 can commu-
nicate the trip plan with the controller device 4000 and/or the
isolation module 4002 to change the tractive efforts and/or
braking efforts provided by the remote powered units 3904 as
the vehicle system 3900 travels according to the trip plan. For
example, if the vehicle system 3900 is approaching a steep
incline and the trip profile indicates that the vehicle system
3900 is carrying significantly heavy cargo, then the trip plan
of the energy management system 4012 may direct one or
more of the lead powered unit 3902 and/or the remote pow-
ered units 3904 to increase the tractive efforts supplied by the
respective vehicle. Conversely, if the vehicle system 3900 is
carrying a smaller cargo load based on the trip profile, then the
trip plan of the energy management system 4012 may direct
the lead powered unit 3902 and/or remote powered units 3904
to increase the supplied tractive efforts by a smaller amount
than the tractive efforts would otherwise be increased if the
data indicated a heavier cargo load.
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[0328] In one embodiment, the trip plan may be used to
automatically and/or manually control actual operational set-
tings of the vehicle system. For example, the energy manage-
ment system can generate control signals that are based on the
operational settings designated by the trip plan. These control
signals may be communicated to the propulsion subsystem of
the powered units of the vehicle system to cause the powered
units to autonomously follow the operational settings of the
trip plan. Alternatively or additionally, the control signals
may be communicated to an output device onboard one or
more of the powered units. The control signals may cause the
output device to inform an operator of the one or more pow-
ered units of the designated operational settings of the trip
plan. The operator may then manually implement the desig-
nated operational settings.

[0329] The trip plan formed by the energy management
system 4012 can be based on the trip profile, which can
include information and factors such as changes in the route
3914 (shown in FIG. 39) that the vehicle system 3900 (shown
in F1G. 39) travels along, regulatory requirements (e.g., emis-
sion limits) of the regions through which the vehicle system
3900 travels, and the like, and based on the trip profile. In one
embodiment, the energy management system 4012 includes a
software application such as the Trip Optimizer™ software
system provided by General Electric Company, to control
propulsion operations of the vehicle system 3900 during the
trip in order to reduce fuel consumption of the vehicles and/or
to reduce wear and tear on the vehicle system 3900.

[0330] Thetrip profile can be based on, or include, trip data,
vehicle data, route data, and/or updates to the trip data, the
vehicle data, and/or the route data. Vehicle data includes
information about the powered units 3902, 3904 (shown in
FIG. 39) and/or cargo being carried by the vehicle system
3900 (shown in FIG. 39). For example, vehicle data may
represent cargo content (such as information representative of
cargo being transported by the vehicle system 3900) and/or
vehicle information (such as model numbers, fuel efficien-
cies, manufacturers, horsepower, and the like, of locomotives
and/or other railcars in the vehicle system 3900).

[0331] Trip data includes information about an upcoming
trip by the vehicle system 3900 (shown in FIG. 39). By way of
example only, trip data may include a trip profile of an upcom-
ing trip of the vehicle system 3900 (such as information that
can be used to control one or more operations of the powered
units 3902, 3904, such as tractive and/or braking efforts pro-
vided during an upcoming trip), station information (such as
the location of a beginning station where the upcoming trip is
to begin, the location of refueling stops or locations, and/or
the location of an ending station where the upcoming trip is to
end), restriction information (such as work zone identifica-
tions, or information on locations where the route is being
repaired or is near another route being repaired and corre-
sponding speed/throttle limitations on the vehicle system
3900), and/or operating mode information (such as speed/
throttle limitations on the vehicle system 3900 in various
locations, slow orders, and the like).

[0332] Route data includes information about the route
3914 (shown in FIG. 39) upon which the vehicle system 3900
(shown in FIG. 39) travels. The route data may alternatively
be referred to as map data. For example, the route data can
include information about locations of damaged sections of
the route 3914, locations of sections of the route 3914 that are
under repair or construction, the curvature and/or grade of the
route 3914, GPS coordinates of the route 3914, and the like.
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The route data is related to operations of the vehicle system
3900 as the route data includes information about the route
3914 that the vehicle system 3900 is or will be traveling on.

[0333] The energy management system 4012 can deter-
mine which of the remote powered units 3904 (shown in FI1G.
39) to turn to the OFF mode of operation when the vehicle
system 3900 (shown in FIG. 39) is traveling along the route
3914 (shown in FIG. 39) based on the trip plan. The energy
management system 4012 may examine an upcoming portion
of'the route 3914 and the associated trip plan and, based on the
upcoming portion and/or the trip plan, determine that one or
more of the remote powered units 3904 can be switched from
the ON mode of operation to the OFF mode of operation. For
example, if the energy management system 4012 examines
the trip profile and determines that an upcoming portion of the
route 3914 includes a decline and, as a result, less tractive
effort is required to travel down the decline, the energy man-
agement system 4012 may decide to at least temporarily turn
one or more of the remote powered units 3904 to the OFF
mode of operation when the vehicle system 3900 traverses the
decline. The one or more remote powered units 3904 can be
turned to the OFF mode of operation to conserve fuel that
would otherwise be consumed by the one or more remote
powered units 3904.

[0334] As another example, the energy management sys-
tem 4012 may determine that an upcoming portion of the
route 3914 (shown in FIG. 39) includes an incline and that
additional weight of the vehicle system 3900 (shown in FIG.
39) may assist in the wheels 4006 (shown in FIG. 40) of the
lead powered unit 3902 and remote powered units 3904
(shown in FIG. 39) gripping the surface of the route 3914
(e.g., the rails of a track). The energy management system
4012 can decide to turn one or more of the remote powered
units 3904 to the OFF mode of operation prior to the vehicle
system 3900 reaching the incline. The one or more remote
powered units 3904 may be turned off such that less fuel is
consumed by the remote powered units 3904 and the one or
more remote powered units 3904 will be carrying the weight
of'the fuel that otherwise would be consumed when the one or
more remote powered units 3904 reach the incline. This
weight of the fuel that otherwise would be consumed can
assist the wheels 4006 of the vehicle system 3900 in gripping
the surface of the route 3914 during the incline in order to
reduce slippage of the wheels 4006 on the route 3914. For
example, the energy management system 4012 may keep one
or more of the remote powered units 3904 in the OFF mode of
operation such that one or more of the remote powered units
3904 has sufficient fuel weight to provide at least a threshold
grip on a surface that is traversed by the vehicle system 3900.
One or more of the remote powered units 3904 may be later
switched to the ON mode of operation to provide additional
tractive effort to the vehicle system 3900 to traverse the
incline.

[0335] As another example, the energy management sys-
tem 4012 can determine which of the remote powered units
3904 (shown in FIG. 39) to turn to the ON mode and which of
the remote powered units 3904 to turn to the OFF mode over
time to balance or alternate fuel usage by different ones of the
remote powered units 3904. The energy management system
4012 may control or alternate which remote powered units
3904 are in the different modes of operation so that at least a
subset or fraction of the remote powered units 3904 has
sufficient fuel to propel the vehicle system 3904 when needed
for an upcoming portion of the trip.
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[0336] As another example, the energy management sys-
tem 4012 can determine which of the remote powered units
3904 (shown in FIG. 39) to turn to the ON mode and which of
the remote powered units 3904 to turn to the OFF mode based
on a fuel efficiency of one or more of the remote powered
units 3904. The term “fuel efficiency” can mean a fuel
economy or thermal efficiency of a remote powered unit
3904. For example, a first remote powered unit 3904 that has
a greater fuel efficiency than a second remote powered unit
3904 may consume less fuel than the second remote powered
unit 3904 to provide the same amount of horsepower or
electric energy (e.g., as measured in terms of watts).

[0337] The energy management system 4012 may deter-
mine which remote powered units 3904 (shown in FIG. 39) to
turn to the ON mode and/or OFF mode based on the fuel
efficiency of one or more of the remote powered units 3904 by
examining the fuel efficiencies of the remote powered units
3904 recorded within the energy management system 4012, a
remaining distance left to a destination location of the trip of
the vehicle system 3900 (shown in FIG. 39), and/or horse-
power of one or more of the remote powered units 3904. For
example, a trip may include flat terrain (e.g., terrain having
undulations or peaks that rise above sea level of no greater
than 300 meters or 984 feet), hilly terrain (e.g., terrain having
undulation or peaks that rise above sea level more than 300
meters or 984 feet but less than 600 meters or 2,001 feet),
and/or mountainous terrain (e.g., terrain having undulations
or peaks that rise above sea level more than 600 meters or
2,001 feet). The energy management system 4012 may
change which remote powered units 3904 are turned ON or
OFF based on the type of terrain, the fuel efficiencies of the
remote powered units 3904, and how far the vehicle system
3900 is to the end of the trip.

[0338] Table 1 below provides an example of how the
energy management system 4012 may turn different remote
powered units 3904 (shown in FIG. 39) ON or OFF during a
trip. The first column of Table 1 indicates the different num-
bered segments, or portions, of the trip. The second column of
Table 1 indicates the type of terrain in the corresponding
segment (e.g., flat, hilly, or mountainous). The third column
of'Table 1 indicates the miles or kilometers of the trip encom-
passed by the corresponding segment. The fourth column
indicates the operating state of a first remote powered unit
3904 (e.g., ON for operating in the ON mode of operation and
OFF for operating in the OFF mode of operation) for the
corresponding segment. The fifth column indicates the oper-
ating state of a second remote powered unit 3904 for the
corresponding segment. In this example, the first remote pow-
ered unit 3904 may have a greater fuel efficiency than the
second remote powered unit 3904, but produces one half of
the horsepower of the second remote powered unit 3904 (e.g.,
2,000 HP versus 4,000 HP) and only has enough fuel to propel
the vehicle system 3900 for 800 miles (or 1,287 kilometers).

TABLE 1
First Second
Miles Remote Remote
Segment (Kilometers) of Vehicle Vehicle
No. Terrain Type Trip Mode Mode
1 Flat 0 to 500 miles ON OFF
(0 to 805 km)
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TABLE 1-continued

First Second
Miles Remote Remote
Segment (Kilometers) of Vehicle Vehicle
No. Terrain Type Trip Mode Mode
2 Hilly 501 miles to OFF ON
510 miles
(806 km to 820 km)
3 Mountainous 511 miles to ON ON
520 miles
(822 km to 836 km)
4 Flat 521 miles to ON until OFF until
900 miles low on fuel, first
(838 km to then OFF remote
1,448 km) vehicle is
low on
fuel, then
ON
5 Mountainous 901 miles to ON ON
920 miles
(1,450 km to
1,480 km)
6 Flat 921 miles to OFF or ON
1,000 miles out of
(1,482 km to fuel
1,609 km)
[0339] In the example illustrated in Table 1, the energy

management system 4012 changes which of the remote pow-
ered units 3904 (shown in FIG. 39) is turned ON or OFF
during different segments of the trip. During the first rela-
tively long, and flat, segment, only the more efficient first
remote powered unit 3904 is turned ON. During the second
relatively short, hilly segment, the first remote powered unit
3904 may be turned OFF to conserve fuel of the first remote
powered unit 3904 while the second remote powered unit
3904 generates tractive effort to propel the vehicle system
3900. During the relatively short and mountainous third seg-
ment, both the first and second remote powered units 3904 are
turned ON. During the long fourth and flat segment, the first
remote vehicle is ON until the first remote vehicle is low on
fuel (e.g., the fuel reserves on the first remote vehicle fall to or
below a threshold amount), at which point the first remote
vehicle is turned OFF and the second remote vehicle is turned
ON. The first remote vehicle can be turned back on during the
short fifth segment that traverses mountainous terrain. During
the final sixth segment, the first remote vehicle may be turned
OFF or may be out of fuel. The second remote vehicle can
remain ON to propel the vehicle system to the destination of
the trip.

[0340] Additionally or alternatively, the energy manage-
ment system 4012 may identify which powered units 3902,
3904 may be turned OFF during the entire duration of the trip
prior to the vehicle system 3900 embarking on the trip. For
example, the vehicle system 3900 may include more tractive
effort capability than what is needed to propel the vehicle
system 3900 through the trip to the destination location of the
trip. Such an excess of tractive effort capability may be rep-
resented by an excess of available horsepower that can be
provided by the powered units 3902, 3904 relative to the
horsepower that is demanded to traverse the route 3914 dur-
ing the trip.

[0341] Inordertoidentify the excess of tractive effort capa-
bility of the vehicle system 3900, the energy management
system 4012 may use the trip data, vehicle data, and/or route
data to calculate a demanded tractive effort. The demanded
tractive effort can represent the amount of tractive effort (e.g.,
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horsepower) that is calculated to be needed to propel the
vehicle system 3900 over the route 3914 to the destination
location of the trip. The demanded tractive effort for a trip can
increase for trips that include more inclined segments of the
route 3914 and/or segments of the route 3914 having steeper
inclines than other trips, for trips being traveled by vehicle
systems 3900 that are heavier than other vehicle systems
3900, for trips that involve more periods of acceleration (e.g.,
such as after coming out of a curved segment of the route 3914
and entering a more straight segment of the route 3914) than
other trips, and the like. Conversely, the demanded tractive
effort for a trip can decrease for trips that include less inclined
segments of the route 3914 and/or segments of the route 3914
having smaller inclines than other trips, for trips being trav-
eled by lighter vehicle systems 3900, for trips that involve
fewer periods of acceleration than other trips, and the like.
[0342] Theenergy management system 4012 may calculate
the demanded tractive effort of a trip based on the physics of
the vehicle system 3900 traveling along the route 3914, taking
into account the size (e.g., length and/or weight) of the
vehicle system 3900, the distribution (e.g., location) of the
powered units 3902, 3904 along the length of the vehicle
system 3900, the curvature and/or grade of the route 3914, a
scheduled time of arrival at the destination location of the trip,
and the like. In one embodiment, the energy management
system 4012 uses one or more of the techniques described in
U.S. patent application Ser. No. 11/750,716, which was filed
on 18 May 2007 (the “’716 Application). For example, the
energy management system 4012 can determine the
demanded tractive effort using one or more of the equations
and objective functions of the optimal control formulations
described in the *716 Application. The entire disclosure of the
*716 Application is incorporated by reference.

[0343] Theenergy management system 4012 may calculate
the operational settings that are to be used to get the vehicle
system 3900 to travel over the route 3914 and arrive at the
destination location at or before the scheduled time of arrival,
or within a designated time period of the scheduled time of
arrival. For example, although the vehicle system 3900 may
be able to travel to the destination location using less tractive
effort, doing so may cause the vehicle system 3900 to be late
or significantly late to arrive at the destination location. As a
result, the energy management system 4012 can restrict the
trip plan to cause the vehicle system 3900 to use sufficient
tractive effort to arrive at the destination location on time.
[0344] The energy management system 4012 can calculate
the demanded tractive effort based on previous runs of the
vehicle system 3900 over the route 3914. For example, if the
same or similar vehicle system 3900 traveled over the route
3914 for a previous trip, then the tractive efforts used to propel
the vehicle system 3900 that were logged (e.g., recorded) for
the previous trip may be examined and used to generate the
demanded tractive effort for the present trip. Alternatively, the
demanded tractive effort for a trip may be a designated
amount or several designated amounts associated with difter-
ent segments of the trip.

[0345] The energy management system 4012 also can
determine the tractive effort capability of the vehicle system
3900. The tractive effort capability of the vehicle system 3900
represents the available tractive effort (e.g., horsepower) that
can be provided by the powered units 3902, 3904 of the
vehicle system 3900 to propel the vehicle system 3900 for the
trip. For example, a vehicle system 3900 including three
locomotives that each are capable of producing 4,000 horse-
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power, then the tractive effort capability of the vehicle system
3900 can be 12,000 horsepower. The tractive effort capability
of the vehicle system 3900 may be modified by one or more
factors such as the age of one or more of the powered units
3902, 3904 (e.g., with the tractive effort capability being
decreased by one or more designated or variable amounts
with increasing age of one or more of the powered units 3902,
3904), the health of one or more of the powered units 3902,
3904 (e.g., the with tractive effort capability being decreased
by designated or variable amounts based on damage, wear
and tear, or other deterioration to the propulsion subsystems
of the powered units 3902, 3904), and the like.

[0346] The energy management system 4012 compares the
demanded tractive effort of the trip with the tractive effort
capability of the vehicle system 3900 to determine if an
excess of available tractive effort exists. For example, if the
tractive effort capability exceeds the demanded tractive
effort, then such an excess is identified. If the tractive effort
capability does not exceed the demanded tractive effort, then
no excess tractive effort capability may exist.

[0347] When an excess in tractive effort capability exists,
the energy management system 4012 can compare the excess
to the tractive effort capabilities of the powered units 3902,
3904. For example, the energy management system 4012 can
compare the excess to the tractive effort capability (e.g.,
horsepower) of each individual powered unit 3902, 3904 or of
groups of two or more of the individual powered units 3902,
3904. If the tractive effort capability of an individual powered
unit 3902, 3904 or a group of powered units 3902, 3904 is less
than or equal to the excess of tractive effort capability of the
vehicle system 3900, then the energy management system
4012 may select that individual powered unit 3902, 3904 or
group as a selected powered unit 3902, 3904 or group of
powered units 3902, 3904.

[0348] The sclected powered unit 3902, 3904 or the
selected group of powered units 3902, 3904 represents the
powered unit or units 3902, 3904 that can be turned (as
described above) to the of state or mode of operation for the
duration of the trip while still allowing the vehicle system
3900 to have sufficient tractive effort capability to complete
the trip (e.g., reach the destination location at a scheduled
time of arrival or within a designated time period of the
scheduled time of arrival). As described above (e.g., in con-
nection with the system 3500 and the system 3900), the
turning OFF ofthe selected powered unit 3902, 3904 or group
of powered units 3902, 3904 may be performed remotely,
such as from the lead powered unit 3502, 3902. For example,
the energy management system 4012 can automatically gen-
erate the isolation command 3612 (shown in FIG. 36) that
identifies the selected powered unit 3902, 3904 or group of
powered units 3902, 3904.

[0349] As described above, upon receipt of the isolation
command 3612, the isolation control system 4014 may
remotely turn OFF the selected powered units 3902, 3904 or
the selected group of powered units 3902, 3904. For example,
the isolation control system 4014 may communicate the iso-
lation instruction 3616 (shown in FIG. 36) that is transmitted
to the selected powered units 3902, 3904 and/or the selected
group of powered units 3902, 3904 in order to turn those
powered units 3902, 3904 to an OFF state or mode. The
communication of the isolation instruction 3616 may occur
automatically or manually, such as by notifying the operator
of'the vehicle system of the selected powered unit 3902, 3904
or group of powered units 3902, 3904 and directing the opera-
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tor to turn the selected powered unit 3902, 3904 or group of
powered units 3902, 3904 to the OFF state or mode. This may
occur prior to the vehicle system leaving on the trip so that the
selected powered units 3902, 3904 or selected group of pow-
ered units 3902, 3904 are OFF for all or substantially all of the
trip. As a result, the vehicle system may travel according to
the operational settings designated by the trip plan with the
selected powered units 3902, 3904 or the selected group of
powered units 3902, 3904 being OFF, which can result in
savings in fuel and/or reductions in emissions generated by
the vehicle system.

[0350] One or more of the controller device 4000, the iso-
lation module 4002, and/or the energy management system
4012 may represent a hardware and/or software system that
operates to perform one or more functions. For example, the
controller device 4000, the isolation module 4002, and/or the
energy management system 4012 may include one or more
circuits or circuitry that includes and/or is coupled with one or
more computer processors, controllers, or other logic-based
devices that perform operations based on instructions stored
on a tangible and non-transitory computer readable storage
medium, such as a computer memory. Alternatively, the con-
troller device 4000, the isolation module 4002, and/or the
energy management system 4012 may include a hard-wired
device that performs operations based on hard-wired logic of
the device. The controller device 4000, the isolation module
4002, and/or the energy management system 4012 shown in
FIG. 40 may represent the hardware that operates based on
software or hardwired instructions, the software that directs
hardware to perform the operations, or a combination thereof.

[0351] FIG. 41 is a schematic illustration of one embodi-
ment of a remote powered unit 3904. The remote powered
unit 3904 may represent one or more of the remote powered
units 3904 A, 39048, 3904C, and so on, shown in FIG. 39. The
remote powered unit 3904 includes a communication device
4100 that communicates with the lead powered unit 3902
(shown in FIG. 39). For example, the communication device
4100 may receive the control instructions transmitted from
the lead powered unit 3902 so that the lead powered unit 3902
can control the tractive efforts and/or braking efforts of the
remote powered unit 3904. The communication device 4100
may include a transceiver device or transmitter that is con-
ductively coupled with the communication pathway 3914
(e.g., a cable bus or MU cable bus). The communication
device 4100 can receive the control instructions from the lead
powered unit 3902 through the communication pathway
3914. Alternatively or additionally, the communication
device 4100 may be coupled with an antenna 4102 to wire-
lessly receive the control instructions from the lead powered
unit 3902.

[0352] As described above, the communication device
4100 may be turned off (e.g., not be powered by the propul-
sion subsystem of the remote vehicle) when the remote
vehicle is in the OFF mode of operation. However, in one
embodiment, the communication device 4100 or one or more
components of the communication device 4100 may remain
powered when the remote vehicle is in the OFF mode of
operation. For example, the communication device 4100 may
remain powered up, or ON, and continue to allow for com-
munication through the pathway 3914 with other communi-
cation devices 4100 on other remote powered units 3904 that
remain powered up, or ON, when the remote powered units
3904 are in the OFF mode of operation. As another example,
the communication device 4100 may include a network inter-
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face module, such as a network card and/or processor that
allows for communication through the pathway 3914 with
other devices 4100, that remains powered when the remote
powered unit 3904 is in the OFF mode of operation. The
communication device 4100 or network interface module can
remain powered by a battery or other electrical energy storage
device. The network interface module can allow for commu-
nications with the communication device 4100 when the pro-
pulsion subsystem initially switches from the OFF mode to
the ON mode.

[0353] The remote powered unit 3904 includes a slave
module 4104 that receives the control instructions from the
lead powered unit 3902 (e.g., via the communication device
4100) and implements the control instructions. For example,
the slave module 4104 may communicate with a propulsion
subsystem 4106 of the remote powered unit 3904 to change
tractive efforts and/or braking efforts provided by the propul-
sion subsystem 4106 based on the control instructions
received from the lead powered unit 3902. The slave module
4104 also may implement control instructions received from
the isolation module 4002 (shown in FIG. 40) of the lead
powered unit 3902. For example, the isolation module 4002
may transmit an isolation command to the remote powered
unit 3904 (e.g., via the communication devices 4008, 4100).
The slave module 4104 can receive the isolation command
and turn the propulsion subsystem 4106 to the OFF mode of
operation from the ON mode of operation. Alternatively, the
isolation module 4002 may transmit an activation command
to the remote powered unit 3904. The slave module 4104 can
receive the activation command and turn the propulsion sub-
system 4106 to the ON mode of operation from the OFF mode
of operation.

[0354] The propulsion subsystem 4106 of the remote pow-
ered unit 3904 provides tractive effort and/or braking effort of
the remote powered unit 3904. The propulsion subsystem
4106 can include an engine 4108 that is fluidly coupled with
a fuel tank 4110. Additionally or alternatively, the propulsion
subsystem 4106 may include an energy storage device (such
as abattery that may be represented by the fuel tank 4110) that
powers the propulsion subsystem 4106. The engine 4108
consumes fuel from the fuel tank 4110 to rotate a shaft 4112
that is coupled with an electrical alternator or generator 4114
(“ALT/GEN 4114” in FIG. 41). The alternator or generator
4114 generates electric current based on rotation of the shaft
4112. The electric current is supplied to one or more compo-
nents of the remote powered unit 3904 (and/or one or more
other remote powered units 3904 or other vehicles in the
vehicle system 3900) to power the components. For example,
the propulsion subsystem 4106 may include one or more
traction motors 4116 that are powered by the electric current
from the alternator or generator 4114. Alternatively, the trac-
tion motors 4116 may be powered by an onboard energy
storage device and/or an off-board energy source, such as a
powered rail or overhead catenary. The traction motors 4116
can rotate axles and/or wheels 4006 of the remote powered
unit 3904 to propel the remote powered unit 3904. The pro-
pulsion subsystem 4106 can include brakes (e.g., air brakes or
regenerative/resistive brakes) that slow or stop movement of
the remote powered unit 3904.

[0355] The electric current from the propulsion subsystem
4106 may be used to power the communication device 4100.
For example, the communication device 4100 may be con-
ductively coupled with the alternator or generator 4114 to
receive electric current that powers the communication
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device 4100. In one embodiment, if energy of the electric
current supplied to the communication device 4100 drops
below a threshold energy level, then the communication
device 4100 may turn off, such as by switching to an OFF
mode of operation. In the OFF mode of operation for the
communication device 4100, the communication device 4100
is unable to communicate with other communication devices,
such as the communication device 4008 (shown in FIG. 40) of
the lead powered unit 3902 (shown in FIG. 39) in one embodi-
ment. The threshold energy level may represent a voltage
level or current level that is sufficient to power the commu-
nication device 4100 so that the communication device 4100
can receive the control instructions from the lead powered
unit 3902 and/or transmit feedback data (as described below)
to the lead powered unit 3902. When the electric current has
a voltage or other energy that drops below the threshold
energy level, the communication device 4100 may turn off.
When the electric current rises above the threshold, the com-
munication device 4100 may turn on, or switch to an ON
mode of operation, to re-commence communication with the
communication device 4008 of the lead powered unit 3902.

[0356] In one embodiment, a communication device 4100
located on-board a first remote powered unit 3904 may be
powered by electric current generated by the propulsion sub-
system 4106 of a different, second remote powered unit 3904.
For example, a communication device 4100 disposed
onboard a remote powered unit 3904 in a consist 3910 or 3912
may be powered by electric current received from one or more
other remote powered units 3904 in the same consist 3910 or
3912. The communication device 4100 may be powered by at
least one remote powered unit 3904 in the consist 3910 or
3912 that is operating in the ON mode of operation when one
or more other remote powered units 3904 are in the OFF
mode of operation. For example, if the remote powered unit
3904 on which the communication device 4100 is disposed
switches to the OFF mode of operation, then another remote
powered unit 3904 can supply electric current to the commu-
nication device 4100 in order to power the communication
device 4100 and maintain a communication link with the lead
powered unit 3902 and the consist that includes the commu-
nication device 4100. The communication device 4100 dis-
posed on-board one remote powered unit 3904 may be con-
ductively coupled with the propulsion subsystem 4106 of
another remote powered unit 3904 by one or more wires,
cables (e.g., MU cable bus), pathway 3914, and the like, to
receive the electric current.

[0357] The remote powered unit 3904 may include a feed-
back module 4118 that generates feedback data for use by the
lead powered unit 3902 (shown in FIG. 39). The feedback
data can include a variety of information related to operation
of the remote powered unit 3904. For example, the feedback
data can include a volume or amount of fuel being carried by
the remote powered unit 3904 (e.g., in the fuel tank 4110).
The feedback module 4118 can include or represent one or
more sensors (e.g., fuel gauge sensors) that obtain the feed-
back data. As described above, the lead powered unit 3902
can use the volume or amount of fuel carried by the remote
powered unit 3904 to determine which of the remote powered
units 3904 to switch to the OFF mode of operation or the ON
mode of operation. The lead powered unit 3902 may use the
feedback data to determine the tractive efforts and/or braking
efforts of the remote powered units 3904. The lead powered
unit 3902 may base the tractive efforts, braking efforts, and/or
determination of which remote powered units 3904 are in the
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ON mode or OFF mode of operation based on the feedback
data received from a subset or all of the remote powered units
3904 in the vehicle system 3900 (shown in FIG. 39). As
described above, one or more of the controller device 4000
(shownin FIG. 40), the isolation module 4002 (shown in FIG.
40), and/or the energy management system 4012 (shown in
FIG. 40) of the lead powered unit 3902 can use the feedback
data to control tractive efforts, braking efforts, and/or modes
of operation of the remote powered units 3904.

[0358] One or more of the slave module 4104 and/or the
feedback module 4118 may represent a hardware and/or soft-
ware system that operates to perform one or more functions.
For example, the slave module 4104 and/or the feedback
module 4118 may include one or more computer processors,
controllers, or other logic-based devices that perform opera-
tions based on instructions stored on a tangible and non-
transitory computer readable storage medium, such as a com-
puter memory. Alternatively, the slave module 4104 and/or
the feedback module 4118 may include a hard-wired device
that performs operations based on hard-wired logic of the
device. The slave module 4104 and/or the feedback module
4118 shown in FIG. 41 may represent the hardware that
operates based on software or hardwired instructions, the
software that directs hardware to perform the operations, or a
combination thereof.

[0359] FIG. 42 is a schematic illustration of a consist 4200
of remote vehicles 4202, 4204 in accordance with another
embodiment. The consist 4200 may be similar to one or more
of the consists 3910, 3912 (shown in FIG. 39). For example,
the consist 4200 may include one or more remote vehicles
that are mechanically and/or logically connected with each
other. The remote vehicles 4202, 4204 may be similar to one
ormore of the remote powered units 3904 (shown in F1G. 39).
For example, the remote vehicles 4202, 4204 may be vehicles
of a vehicle system and be capable of generating tractive
effort for self-propulsion.

[0360] In the illustrated embodiment, the remote vehicles
4202, 4204 include slave modules 4206, 4208 (e.g., “Slave
Module #1” and “Slave Module #2”) that may be similar to
the slave module 4104 (shown in FIG. 41). For example, the
slave modules 4206, 4208 may receive control instructions
from the lead powered unit 3902 (shown in FIG. 39) and
implement the control instructions to change the mode of
operation, tractive efforts, and/or braking efforts of propul-
sion subsystems 4210, 4212 of the remote vehicles 4202,
4204 (e.g., “Propulsion Subsystem #1” and “Propulsion Sub-
system #2”), as described above. Although not shown in FIG.
4, the remote vehicles 4202, 4204 can include feedback mod-
ules that are similar to the feedback module 4118 (shown in
FIG. 41).

[0361] The remote vehicles 4202, 4204 include communi-
cation devices 4214, 4216 (e.g., “Communication Device #1”
and “Communication Device #2”°) that communicate with the
communication device 4008 (shown in FIG. 376) of the lead
powered unit 3902 (shown in FIG. 39). The communication
devices 4214, 4216 may be similar to the communication
device 4100 (shown in FIG. 41). In one embodiment, the
communication device 4214 may receive control instruc-
tions, isolation commands, activation commands, and the
like, and/or transmit feedback data for the remote vehicle
4202 while the communication device 4216 receives control
instructions, isolation commands, activation commands, and
the like, and/or transmit feedback data for the remote vehicle
4204.

Apr. 3,2014

[0362] One difference between the remote vehicles 4202,
4204 shown in FIG. 42 and the remote powered unit 3904
shown in FIG. 41 is that the communication device 4216 for
the remote vehicle 4204 is disposed off-board the remote
vehicle 4204 and is disposed on-board the remote vehicle
4202. For example, the communication device for one remote
vehicle may be located on-board another remote vehicle in
the same consist. The communication devices 4214, 4216 can
be parts of a common communication module 4218. For
example, the communication devices 4214, 4216 may be
contained within a common (e.g., the same) housing located
on the remote vehicle 4202. While only two communication
devices 4214, 4216 are shown as being part of the common
communication module 4218, alternatively, three or more
communication devices 4214, 4216 may be part of the same
communication module 4218. For example, one remote
vehicle in a consist may include the communication devices
for a plurality of the remote vehicles in the consist. Alterna-
tively, the communication module 4218 may include only a
single communication device of a single remote vehicle.

[0363] The communication module 4218 communicates
with the communication device 4008 (shown in FIG. 40) of
the lead powered unit 3902 (shown in FIG. 39) through a
wired communication link (e.g., the pathway 3914, another
conductive wire or cable, a fiber optic cable, and the like)
and/or using an antenna 4220 (e.g., via a wireless network).
The communication module 4218 may act as a single com-
munication device for plural remote vehicles in the same
consist. The communication module 4218 may maintain a
communication link with the lead powered unit 3902 to con-
tinue communications with the lead powered unit 3902 when
one or more of the remote vehicles 4202, 4204 switch to the
OFF mode of operation. For example, if the remote vehicle
4204 switches to the OFF mode of operation, the communi-
cation module 4218 may continue to receive electric current
from the propulsion subsystem 4210 of the other remote
vehicle 4202 in the consist 4200 and may continue to com-
municate with the lead powered unit 3902. On the other hand,
if the remote vehicle 4202 switches to the OFF mode of
operation, the communication module 4218 may continue to
receive electric current from the propulsion subsystem 4212
of'the other remote vehicle 4204 in the consist 4200 and may
continue to communicate with the lead powered unit 3902.

[0364] Returning to the discussion of the vehicle system
3900 shown in FIG. 39, in order to prevent a break or inter-
ruption in communication between the lead powered unit
3902 and one or more remote powered units 3904 in each of
the consists 3910 and 3912, the isolation module 4002
(shown in FIG. 40) of the lead powered unit 3902 may coor-
dinate the timing at which the remote powered units 3904
switch between modes of operation. In one embodiment, the
isolation module 4002 may direct the remote powered units
3904 in a consist 3910 and/or 3912 to switch between modes
of operation such that at least one communication device
4100, 4214, 4216 (shown in FIGS. 41 and 42) of the remote
powered units 3904 in each consist 3910, 3912 maintains a
communication link with the lead powered unit 3902. For
example, at least one communication device 4100, 4214,
4216 of each consist 3910, 3912 may remain powered and
configured to communicate with the lead powered unit 3902
such that the communication device 4100, 4214, 4216 can
receive control instructions from the lead powered unit 3902
during the switching of modes of operation.
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[0365] FIG. 43 illustrates example timelines 4300, 4302 of
a switching procedure for changing modes of operation in a
consist. The timelines 4300, 4302 represent one example of a
procedure for two remote powered units 3904 (shown in FI1G.
39) switching between ON and OFF modes of operation such
that at least one communication device 4100, 4214, 4216
(shown in FIGS. 7 and 8) remains on and powered for each
consist 3910, 3912 (shown in FIG. 39).

[0366] The timelines 4300, 4302 are shown alongside a
horizontal axis 4304 that represents time. The timeline 4300
represents the modes of operation for a first remote vehicle
(“Vehicle #17), such as the remote powered unit 3904A
(shown in FIG. 39) and the timeline 4302 represents the
modes of operation for a different, second remote vehicle
(“Vehicle #2”) in the same consist as the first remote vehicle,
such as the remote powered unit 3904B (shown in FIG. 39).
At a first time 4306, the first remote vehicle is operating in the
ON mode of operation (“Vehicle #10N Mode™) while the
second remote vehicle is operating in the OFF mode of opera-
tion (“Vehicle #2 OFF Mode”). For example, the propulsion
subsystem of the first remote vehicle may be on and active to
generate electric current to power a communication device
disposed on the first remote vehicle or the second remote
vehicle. The propulsion subsystem of the second remote
vehicle may be off and deactivated such that the propulsion
subsystem does not generate electric current to power a com-
munication device disposed on the first remote vehicle or the
second remote vehicle. As described above, the powered
communication device can continue to receive control
instructions from the lead vehicle to control operations of the
first remote vehicle.

[0367] Theisolation module 4002 (shown in FIG. 40) of the
lead powered unit 3902 (shown in FIG. 39) may decide to
switch the first remote vehicle from the ON mode of operation
to the OFF mode of operation. Prior to switching the mode of
operation of the first remote vehicle, however, the isolation
module 4002 may direct at least one other remote vehicle in
the same consist to remain in the ON mode of operation or to
switch to the ON mode of operation to ensure that the com-
munication device of the consist remains powered and able to
communicate with the lead powered unit 4302. For example,
at a subsequent time 4308, the isolation module 4002 may
direct the second remote vehicle to switch from the OFF
mode of operation to the ON mode of operation. After the
second time 4308, both the first remote vehicle and the second
remote vehicle are in the ON mode of operation and the
propulsion subsystem of at least one of the first remote
vehicle and the second remote vehicle may power one or more
communication devices of the consist.

[0368] At a subsequent third time 4310, the isolation mod-
ule 4002 (shown in FIG. 40) of the lead powered unit 3902
(shown in FIG. 39) may direct the first remote vehicle to
switch to the OFF mode of operation. In the illustrated
embodiment, the first remote vehicle switches to the OFF
mode of operation after the second remote vehicle switches to
the ON mode of operation. The isolation module 4002 can
monitor electrical output from the propulsion subsystem
4106 of the second remote vehicle that is switched from the
OFF mode of operation to the ON mode of operation to
determine when to switch the first remote vehicle from the
ON mode of operation to the OFF mode of operation. For
example, the isolation module 4002 can measure one or more
energy characteristics (e.g., total energy, voltage, or the like)
of'the electric current generated by the alternator or generator
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4114 (shown in FIG. 41) of the second remote vehicle. The
isolation module 4002 may directly measure the one or more
energy characteristics via the pathway 3914 (shown in FIG.
39) and/or may receive measurements of the energy charac-
teristics from the second remote vehicle, such as by measured
by one or more sensors (e.g., current or voltage sensors) on
the second remote vehicle and communicated to the isolation
module 4002 using the communication device 4100 (shown
in FIG. 41). Once the one or more energy characteristics
exceed one or more associated thresholds, the isolation mod-
ule 4002 may proceed to direct the first remote vehicle to
switch from the ON mode of operation to the OFF mode of
operation.

[0369] As shown in FIG. 43, both the first remote vehicle
and the second remote vehicle are in the ON mode of opera-
tion for an overlapping time period 4312 that extends from the
second time 4308 to the third time 4310. The overlapping
time period 4312 indicates that at least one remote vehicle in
the consist remains in the ON mode of operation to continue
supplying power to one or more communication devices in
the consist during the switching procedure. As a result, the
lead powered unit 3902 may continue to communicate with
the remote vehicles of the consist without an interruption or
break in the communication link.

[0370] In one embodiment, the isolation module 4002
(shown in FIG. 40) may control the switching of the propul-
sion subsystems of the remote vehicles in a consist so as to
reduce or eliminate a voltage drop in the supply of electrical
energy to a communication module or device of the consist
during a defined electro-mechanical event. For example, mul-
tiple remote vehicles in a consist may be conductively
coupled with each other such that cranking of an engine in a
first remote vehicle of the consist causes a voltage drop in one
or more electrical circuits of the first remote vehicle and/or
one or more other remote vehicles in the consist. The drop in
voltage can cause the electrical energy that is supplied to one
or more communication devices in the consist to drop below
a threshold energy required to power the communication
devices. As a result, the communication devices may turn off
and/or electrically reset themselves. The communication
devices may not turn back on for communication or complete
the reset for a significant time period, such as several seconds
or minutes. This delay can cause a break or interruption in the
communication link between the lead vehicle and the consist
and can cause the vehicle system to take responsive action, as
described above.

[0371] Inorder to prevent such a voltage drop from break-
ing or interrupting the communication link, one or more of the
propulsion subsystems in the consist remain on and activated
to produce electrical energy and power the communication
device during the electro-mechanical event. The propulsion
subsystems may remain in the ON mode of operation such
that the electric current supplied to the communication device
(s) of the consist do not drop below the threshold energy
needed to power the communication device during the elec-
tro-mechanical event. As a result, the communication link
between the lead vehicle and the communication device(s) in
the consist is not broken or interrupted during the electro-
mechanical event.

[0372] For example, when a communication device 4100
(shown in FIG. 41) on-board a first remote powered unit 3904
(shown in FIG. 39) is turned on or activated, the communi-
cation device 4100 may not have sufficient communication
parameters for receiving control instructions from the lead
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powered unit 3902 (shown in FIG. 39) to allow the lead
powered unit 3902 to control operations of the first remote
powered unit 3904 in a DP operation. The communication
parameters may include settings, addresses, and the like, that
are needed to communicate with the lead powered unit 3902
via the communication link between the lead powered unit
3902 and the first remote powered unit 3904. When the com-
munication device 4100 is turned on or activated, the com-
munication device 4100 may acquire or set up the communi-
cation parameters used to communicate with the lead
powered unit 3902. The communication parameters may be
acquired from the lead powered unit 3902 or from a local
memory. The communication parameters may be specific to
that remote powered unit 3904 and/or that communication
device 4100, and may differ from the communication param-
eters used by another remote powered unit 3904 in the same
consist and/or another communication device 4100.

[0373] In order to ensure that the communication device
4100 (shown in FIG. 41) that is turned on has the communi-
cation parameters for communicating with the lead powered
unit 3902 (shown in FIG. 39) before one or more other com-
munication devices 4100 in the same consist are turned off,
the remote powered unit 3904 (shown in FIG. 39) that is
turning to the OFF mode may way until the communication
parameters are transferred to the remote powered unit 3904
being turned to the ON mode. For example, with respect to the
timelines 4300, 4302 shown in FIG. 43, at the time 4308, both
the first and second remote powered units 3904 are in the ON
mode and the communication parameters used by the first
remote powered unit 3904 to communicate with the lead
powered unit 3902 are used to communicate with the lead
powered unit 3902. For at least a period of time following the
time 4308, the second remote powered unit 3904 may not
have the communication parameters needed to communicate
with the lead powered unit 3902. As a result, the second
remote powered unit 3904 may be unable to communicate
with the lead powered unit 3902 for at least the period of time.
During the overlapping time period that extends from the time
4308 to the time 4310, the communication device of the first
remote powered unit 3904 can transfer the communication
parameters to the second remote powered unit 3904, such as
by transmitting the communication parameters through the
pathway 3914 (shown in FIG. 39) or a wireless communica-
tion link. At or prior to the time 4310, the transfer of the
communication parameters to the second remote powered
unit 3904 is complete such that the second remote powered
unit 3904 can communicate with and receive control instruc-
tions from the lead powered unit 3902. The first remote pow-
ered unit 3904 may then deactivate and turn to the OFF mode
without interrupting or breaking the communication link
between the lead powered unit 3902 and the consist that
includes the first and second remote powered units 3904.

[0374] One or more components disposed on the lead pow-
ered unit 3902 and/or remote powered units 3904 described
herein can be provided in a retrofit kit or assembly. For
example, the lead powered unit 3902 may be originally manu-
factured or sold to a customer without the isolation module
4002 installed or disposed on the lead powered unit 3902. A
retrofit kit or assembly can include the isolation module 4002,
such as a kit or assembly having hardware components (e.g.,
a computer processor, controller, or other logic-based
device), software components (e.g., software applications),
and/or a combination of hardware components and software
components (e.g., a computer processor or other logic-based
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device and associated software application, a computer pro-
cessor, controller, or other logic-based device having hard-
wired control instructions, or the like). The kit or assembly
may be purchased or provided to the current owner and/or
user of the lead powered unit 3902 so that the owner and/or
user can install (or have installed) the isolation module 4002
on the lead powered unit 3902. The isolation module 4002
may then be used in accordance with one or more embodi-
ments described herein. While the above discussion of the
retrofit kit or assembly focuses on the isolation module 4002,
the kit or assembly may also or alternatively include the
energy management system 4012 and/or one or more com-
ponents disposed on the remote powered unit 3904, such as
the slave module 4104 and/or the feedback module 4118
described above in connection with FIG. 41.

[0375] FIG. 44 is a schematic view of a transportation net-
work 4400 in accordance with one embodiment. The trans-
portation network 4400 includes a plurality of interconnected
routes 4402, 4404, 4406, such as interconnected railroad
tracks. The transportation network 4400 may extend over a
relatively large area, such as hundreds of square miles or
kilometers of land area. The number of routes 4402, 4404,
4406 shown in FIG. 40 is meant to be illustrative and not
limiting on embodiments of the described subject matter.
Plural separate vehicle systems 4408, 4410, 4412 may con-
currently travel along the routes 4402, 4404, 4406.

[0376] One or more of the vehicle systems 4408, 4410,
4412 may be similar or identical to one or more other vehicle
systems described herein. For example, the vehicle system
4408 may include a lead vehicle 4414 interconnected with
one or more consists (e.g., a motive power group of one or
more mechanically and/or logically connected remote
vehicles) by one or more non-powered vehicles 4418. The
consists can include remote vehicles (e.g., remote powered
units 3904, 4202, 4204 shown in FIGS. 39 and 42) that are
remotely controlled by the lead vehicle, as described above.
Also as described above, the lead vehicle may direct the
remote vehicles in the consist to alternate between operating
in ON modes of operation and OFF modes of operation, while
keeping a communication link with the consist open to con-
tinue controlling the remote vehicles that are in the ON mode
of operation.

[0377] Inoneembodiment,the vehicle systems travel along
the routes according to a movement plan of the transportation
network. The movement plan is a logical construct of the
movement of the vehicle systems moving through the trans-
portation network. For example, the movement plan may
include a movement schedule for each of the vehicle systems,
with the schedules directing the vehicle systems to move
along the routes at associated times. The movement schedules
can include one or more geographic locations along the routes
and corresponding times at which the vehicle systems are to
arrive at or pass the geographic locations.

[0378] The movement plan may be determined by a trans-
portation network scheduling system 4420. The scheduling
system may represent a hardware and/or software system that
operates to perform one or more functions. For example, the
scheduling system may include electronic circuits or circuitry
that include and/or are coupled with one or more computer
processors, controllers, or other logic-based devices that per-
form operations based on instructions stored on a tangible and
non-transitory computer readable storage medium, such as a
computer memory. Alternatively, the scheduling system may
include a hard-wired device that performs operations based
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on hard-wired logic of the device. The scheduling system
shown in FIG. 44 may represent the circuitry hardware that
operates based on software or hardwired instructions, the
software that directs hardware to perform the operations, or a
combination thereof. As shown in FIG. 44, the scheduling
system can be disposed off-board (e.g., outside) the vehicle
systems. For example, the scheduling system may be dis-
posed at a central dispatch office for a railroad company. The
scheduling system can include an antenna 4422 that wire-
lessly communicates with the vehicle systems.

[0379] In one embodiment, the scheduling system deter-
mines whether to change a mode of operation of one or more
remote vehicles in the vehicle systems. For example, the
scheduling system may direct one or more of the remote
vehicles in one or more of the vehicle systems to switch from
the ON mode of operation to the OFF mode of operation, and
vice-versa, as described above. The scheduling system can
transmit instructions to an isolation module disposed on the
lead vehicle, which directs the remote vehicles to change the
mode of operation as indicated by the scheduling system.
Also as described above, the remote vehicles may change
modes of operation without interrupting or breaking a com-
munication link between the lead vehicle and one or more of
the remote vehicles in the consist.

[0380] The scheduling system may direct one or more
remote vehicles in the vehicle systems based on movement
schedules of the vehicle systems. For example, if one or more
vehicle systems are running ahead of schedule, the schedul-
ing system may direct one or more remote vehicles in the
vehicle systems to turn to the OFF mode of operation (e.g., to
slow down the vehicle system running ahead of schedule) or
to turn to the ON mode of operation (e.g., to speed up the
vehicle system running behind schedule).

[0381] In one embodiment, the scheduling system may
direct one or more remote vehicles in a vehicle system to turn
to the OFF mode of operation in order to allow the vehicle
system to skip or pass a refueling location 4424 in the trans-
portation network. The refueling location represents a station
or depot where the vehicle systems may stop to acquire addi-
tional fuel to be added to the fuel tanks of the lead vehicles
and/or remote vehicles. In order to reduce the time required to
travel along a trip between a starting location and a destina-
tion location, the scheduling system may control which
remote vehicles in a vehicle system are in the ON mode of
operation and/or the OFF mode of operation to conserve fuel
and allow the vehicle system to skip one or more refueling
locations. For example, if all or a substantial number of the
remote vehicles in the vehicle system were continually oper-
ating in the ON mode of operation during a trip, the vehicle
system may need to stop and refuel at the refueling location
339024 in order to ensure that the vehicle system has suffi-
cient fuel to reach the destination location of the trip.

[0382] The scheduling system may direct one or more of
the remote vehicles to turn to the OFF mode of operation to
conserve fuel and allow other remote vehicles to remain in the
ON mode of operation such that the vehicle system can pass
the refueling location without stopping to refuel. The sched-
uling system can examine a geographic distance between a
location of the vehicle system 4408, 4410, and/or 4412, and
the refueling location 4424, along with an amount of remain-
ing fuel carried by one or more of the lead vehicles and/or
remote vehicles in the vehicle system 4408, 4410, and/or
4412 to determine if the corresponding vehicle system 4408,
4410, and/or 4412 can proceed past the refueling location
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without stopping to acquire additional fuel (e.g., skip the
refueling location). The location of the vehicle system 4408,
4410, and/or 4412 may be a current geographic location as
determined by one or more location sensors, such as one or
more Global Positioning System (GPS) receivers disposed on
the vehicle system 4408, 4410, and/or 4412 that is reported
back to the scheduling system.

[0383] FIG. 45 is a schematic illustration of a remote
vehicle 4500 in accordance with another embodiment. The
remote vehicle may be used in place of one or more of the
other remote vehicles described herein. For example, the
remote vehicle may be included in one or more of the vehicle
systems shown and described above.

[0384] The remote vehicle 4500 is a multiple-mode pow-
ered vehicle. By “multiple-mode,” it is meant that the remote
vehicle can generate tractive efforts for propulsion from a
plurality of different sources of energy. In the illustrated
embodiment, the remote vehicle includes a propulsion sub-
system 4502 that can be powered from an on-board source of
energy and an off-board source of energy. The on-board
source of energy can be provided by an engine 4504 that
consumes fuel stored in an on-board fuel tank 4506 to rotate
a shaft 4508. The shaft is joined to an alternator or generator
4510 (“ALT/GEN 4510”) that creates electric current based
on rotation of the shaft, similar to the propulsion subsystem
shown and described in connection with FIG. 41. The electric
current is supplied to one or more motors 4512, such as
traction motors, to power the motors and cause the motors to
rotate axles and/or wheels 4514 of the remote vehicle. Similar
to the engine 4108 shown in FIG. 41, the engine 4504 can be
an engine that consumes a combustible fuel, such as diesel
fuel, hydrogen, water/steam, gas, and the like, in order to
generate electric current that is used for movement of the
remote vehicle.

[0385] The off-board source of energy can be obtained
from a conductive pathway that extends along the route (e.g.,
the route 3914 shown in FIG. 39) of the remote vehicle. As
one example, the conductive pathway can include an over-
head line or catenary 4516 that extends along and above the
route of the remote vehicle. As another example, the conduc-
tive pathway can include a powered rail 4518 that extends
along the route of the remote vehicle below or to the side of
the remote vehicle. For example, the conductive pathway can
be a third rail that conveys electric current.

[0386] The propulsion subsystem of the remote vehicle
includes a conductive extension 4520 and/or 4522 that
engages the overhead line 4516 or the powered rail 4518 to
convey the electric current from the overhead line or powered
rail to the propulsion subsystem. The conductive extension
can include a pantograph device, a bow collector, trolley pole,
a brush, or the like, and associated circuitry that engages the
overhead line to acquire and deliver electric current to the
propulsion subsystem. The conductive extension can include
a conductive contact box, brush, or “shoe” that engages the
powered rail to acquire and deliver electric current to the
propulsion subsystem. The overhead line and/or powered rail
may receive the electric current that is supplied to the propul-
sion subsystem from an off-board power source, such as a
utility power grid, power station, feeder station, or other
location that generates and/or supplies electric current that is
not located on the remote vehicle or the vehicle system that
includes the remote vehicle. The electric current is delivered
from the conductive extension 4516 and/or 4522 to the trac-
tion motors 4512 of the propulsion subsystem to power the
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fraction motors for rotation of the axles and/or wheels of the
remote vehicle. The electric current from the conductive
extension also may be used to power a communication device
4524 (described below).

[0387] Similar to the remote powered unit 3904 shown in
FIG. 39, the remote vehicle shown in FI1G. 45 may include a
communication device 4524 that is similar to the communi-
cation device 4100 (shown in FIG. 41), a feedback module
4526 that is similar to the feedback module 4118 (shown in
FIG. 41), and/or a slave module 4528 that is similar to the
slave module 4104 (shown in FIG. 41). The communication
device, the feedback module, and/or the slave module may
perform the functions described above and associated with
the respective communication device 4100, feedback module
4118, and/or slave module 4104.

[0388] The remote vehicle includes a mode control switch
4530 in the illustrated embodiment. The mode control switch
is used to control where the propulsion subsystem receives
electric current to propel the remote vehicle. The mode con-
trol switch may represent a hardware and/or software system
that operates to switch between the propulsion subsystem
receiving electric current from an on-board source (e.g., the
engine and alternator or generator) or from on off-board
source (e.g., the overhead line or powered rail). For example,
the mode control switch may include one or more electronic
circuits or circuitry that include and/or are connected to one or
more computer processors, controllers, or other logic-based
devices that alternately open or close conductive circuits that
prevent or allow, respectively, electric current to flow from the
conductive extensions to the motors and/or from the alterna-
tor or generator to the motors. The processors, controllers, or
other logic-based devices may open or close the circuits based
on instructions stored on a tangible and non-transitory com-
puter readable storage medium, such as a computer memory.
Alternatively, the mode control switch may include a hard-
wired device that performs operations based on hard-wired
logic of the device. In another embodiment, the mode control
switch may include a manual switch that is manually actuated
by a human operator.

[0389] The mode control switch is communicatively
coupled with the slave module 4528 in order to determine
when the isolation module 4002 (shown in FIG. 40) of the
lead powered unit 3902 (shown in FIG. 39) directs the remote
vehicle to switch from the ON mode of operation to the OFF
mode of operation. In one embodiment, if the isolation mod-
ule directs the remote vehicle to switch to the OFF mode of
operation, the mode control switch may prevent the propul-
sion subsystem from switching to the OFF mode of operation
if the propulsion subsystem is receiving electric current from
the off-board source (e.g., via the overhead line or powered
rail). For example, the mode control switch may not allow the
propulsion subsystem to turn off when the propulsion sub-
system is powered from the off-board source and/or is not
consuming fuel from the fuel tank to produce electric current.
The mode control switch may prevent the propulsion sub-
system from switching to the OFF mode of operation based
on the circuitry of the mode control switch, or based on
software and/or hard-wired logic of the mode control switch.
[0390] In another embodiment, the mode control switch
may not permit the propulsion subsystem to switch to the OFF
mode of operation if the vehicle system that includes the
remote vehicle is providing electric current in a Head End
Power (HEP) configuration. A HEP configuration includes
the vehicle system having electrical power distribution cir-
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cuits that extend throughout all or a substantial portion of the
vehicle system and that supplies electric current generated in
one vehicle to one or more, or all, of the other vehicles. For
example, a HEP-configured vehicle system may include a
lead vehicle that generates electric current for powering one
or more components of the remote vehicles. The electric
current may be used to power non-propulsion electric loads,
such as loads used for lighting various vehicles, cooling or
heating the air of the vehicles, and the like.

[0391] Alternatively, the slave module may prohibit the
propulsion subsystem from switching to the OFF mode of
operation when the propulsion subsystem is receiving electric
current from an off-board source. For example, the slave
module may monitor the mode control switch to determine
from where the propulsion subsystem is receiving electric
current. Based on this determination, the slave module may
ignore an instruction from the isolation module to switch the
propulsion subsystem to the OFF mode of operation. For
example, if the slave module determines that the mode control
switch is directing current from the off-board source to the
propulsion subsystem, the slave module may not turn the
propulsion subsystem to the OFF mode of operation, even
when the isolation module transmits an instruction to turn the
propulsion subsystem to the OFF mode of operation.

[0392] Inone embodiment, the mode control switch and/or
the slave module do not permit the propulsion subsystem to
switch to the OFF mode of operation if one or more param-
eters of the remote vehicle are outside of or otherwise exceed
one or more associated ranges or thresholds. For example, the
mode control switch and/or the slave module may monitor a
number of times that the propulsion subsystem has been
turned to the OFF mode of operation over a time window, an
amount of electric current flowing through a battery regulator
that is coupled with a rechargeable battery on the remote
vehicle, an ambient temperature of the interior of the remote
vehicle (e.g., where the operator, passengers, and/or cargo are
located), a temperature of the engine, a position or setting of
one or more throttle controls and/or brake controls of the
propulsion subsystem, an air pressure of an air brake reser-
voir, or the like.

[0393] If one or more of the parameters exceed thresholds
or are outside of associated ranges, then the mode control
switch and/or the slave module may not permit the propulsion
subsystem to switch to the OFF mode of operation. For
example, if the number of times that the propulsion sub-
system has been turned off recently exceeds a threshold, then
the mode control switch and/or the slave module may not
permit the propulsion subsystem to switch to the OFF mode
of operation. If the current flowing through the battery regu-
lator, the ambient temperature, or the engine temperature
exceed associated thresholds or fall outside of associated
ranges, then the mode control switch and/or the slave module
may not permit the propulsion subsystem to switch to the OFF
mode of operation. If one or more propulsion control switches
or settings are set to an engine start position, an engine isolate
position, a run (e.g., active propulsion) position, or dynamic
braking only position, then the mode control switch and/or
the slave module may not permit the propulsion subsystem to
switch to the OFF mode of operation.

[0394] FIG. 46 is a flowchart of one embodiment of a
method 4600 for remotely changing a mode of operation of
one or more remote vehicles in a vehicle system. The method
4600 may be used in conjunction with operation of one or
more of the vehicle systems described above. For example,
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the method 4600 may be used to determine whether to switch
one or more remote vehicles in a consist of a vehicle system
to the OFF mode of operation, which remote vehicles to
switch to the OFF mode of operation, and to switch the one or
more remote vehicles to the OFF mode of operation.

[0395] At 4602, tractive efforts and/or braking efforts of
remote vehicles in a consist of a vehicle system are remotely
controlled. For example, the lead powered unit 3902 (shown
in FIG. 39) can direct the tractive efforts and/or braking
efforts of the remote powered units 3904 (shown in FIG. 39)
of the consist 3910 and/or 3912 (shown in FIG. 39). As
described above, the lead powered unit 3902 can control the
tractive efforts and/or braking efforts in a DP configuration of
the vehicle system 3900 (shown in FIG. 39), based on instruc-
tions from the energy management system 4012 (shown in
FIG. 40), based on instructions from the scheduling system
shown in FIG. 44, and/or based on manual control from an
operatotr.

[0396] At 4604, a determination is made as to whether one
or more of the remote vehicles in a consist of the vehicle
system is to be turned to the OFF mode of operation from the
ON mode of operation. For example, the energy management
system 4012 (shown in FIG. 40) and/or the scheduling system
shown in FIG. 44 may determine that a first remote powered
unit 3904 (shown in FIG. 39) in the consist 3910 and/or 3912
(shown in FIG. 39) can be turned to the OFF mode of opera-
tion to conserve fuel, put the vehicle system 3900 (shown in
FIG. 39) back on a schedule of the transportation network, to
skip an upcoming refueling location, or the like, as described
above.

[0397] Ifone ormore of the remote vehicles in a consist can
be switched to the OFF mode of operation, then flow of the
method 4600 may proceed to 4606. On the other hand, ifnone
of the remote vehicles are to be turned to the OFF mode of
operation, then flow of the method 4600 may return to 4602.
[0398] At 4606, a determination is made as to whether at
least one other remote vehicle in the consist is available to
continue supplying power to a communication device of the
consist when the one or more remote vehicles are turned to the
OFF mode of operation. For example, the consist 3910 and/or
3912 (shown in FIG. 39) may include one or more commu-
nication devices 4100 (shown in FIG. 41) that communicate
with the lead powered unit 3902 (shown in FIG. 39) to allow
the lead powered unit 3902 to control the remote powered
units 3904 (shown in FIG. 39) of the consist 3910 and/or
3912. At least a second remote powered units 3904 may be
configured to continue supplying electric current to one or
more of the communication devices 4100 of the consist 3910
and/or 3912 to power the communication devices 34102
when the first remote powered unit 3904 is switched to the
OFF mode of operation.

[0399] Ifthe second remote powered unit 3904 is available
in the consist 3910 and/or 3912 to continue supplying the
electric current to the communication devices 34102 to power
the communication devices 34102 when the first remote pow-
ered unit 3904 is turned to the OFF mode of operation, then
the first remote powered unit 3904 may be turned to the OFF
mode of operation without interrupting or breaking the com-
munication link between the lead powered unit 3902 and the
consist 3910 and/or 3912, as described above. As a result,
flow of the method 4600 may continue to 4608.

[0400] On the other hand, if there is not another remote
powered unit 3904 (shown in FIG. 39) in the consist 3910
and/or 3912 (shown in FIG. 39) to continue supplying the
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electric current to the communication devices 4100 (shown in
FIG. 41) to power the communication devices 34102 when
the first remote powered unit 3904 is turned to the OFF mode
of'operation, then the first remote powered unit 3904 may not
be turned to the OFF mode of operation without interrupting
or breaking the communication link between the lead pow-
ered unit 3902 and the consist 3910 and/or 3912 (shown in
FIG. 39), as described above. As a result, flow of the method
4600 may continue to 4610.

[0401] At 4608, a determination is made as to whether the
remote vehicle(s) that can be turned to the OFF mode of
operation are receiving electric current from an off-board
source. For example, the first remote powered unit 3904
(shown in FIG. 39) can be examined to determine if the first
remote vehicle is receiving electric current to power one or
more communication devices of the consist and/or the trac-
tion motors of the first remote vehicle from an off-board
source, such as the overhead line and/or the powered rail
shown in FIG. 45, as described above.

[0402] If the remote vehicle(s) to be turned to the OFF
mode of operation are receiving electric current from an
off-board source, then the remote vehicle(s) may not be
turned to the OFF mode of operation. As a result, flow of the
method 4600 may proceed to 4610. On the other hand, if the
remote vehicle(s) to be turned to the OFF mode of operation
are not receiving electric current from an off-board source,
such as by producing electric current from an on-board
engine and alternator or generator, then the remote vehicle(s)
may be turned to the OFF mode of operation. As a result, flow
of the method 4600 may proceed to 4612.

[0403] At 4610, the remote vehicle(s) in the consist are not
turned to the OFF mode of operation. For example, the first
remote vehicle may not be turned to the OFF mode of opera-
tion described above because the communication link
between the lead vehicle and the consist that includes the first
remote vehicle may be interrupted or broken if the propulsion
subsystem of the first remote vehicle were turned off. Alter-
natively, the first remote vehicle may not be turned to the OFF
mode of operation because the first remote vehicle is receiv-
ing electric current from an off-board source, also as
described above.

[0404] At 4612, a determination is made as to whether at
least one other remote vehicle in the consist is currently in the
ON mode of operation to supply electric current to one or
more communication devices of the consist. For example, the
electric current that is supplied by one or more other remote
powered units 3904 (shown in FIG. 39) of the consist 3910
and/or 3912 (shown in FIG. 39) to one or more communica-
tion devices 4100 (shown in FIG. 41) of the consist 3910
and/or 3912 may be examined. If the one or more other
remote powered units 3904 are operating in the ON mode of
operation and supplying sufficient electric current to the com-
munication device(s) 4100 of the consist 3910 and/or 3912
such that turning the first remote powered unit 3904 to the
OFF mode of operation will not break or interrupt the com-
munication link between the lead powered unit 3902 (shown
in FIG. 39) and the consist 3910 and/or 3912, then the first
remote powered unit 3904 may be switched to the OFF mode
of operation without breaking or interrupting the communi-
cation link. As a result, flow of the method 4600 proceeds to
4616.

[0405] On the other hand, if no other remote vehicles in the
consist are in the ON mode of operation and/or are supplying
insufficient electric current to power communication device
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(s) of the consist, then the first remote vehicle may not be
turned to the OFF mode of operation without acquiring a
source of electric current to power the communication device
(s) and maintain the communication link. As a result, flow of
the method 4600 proceeds to 4614.

[0406] At 4614, one or more other remote vehicles are
switched to the ON mode of operation. For example, one or
more other remote powered units 3904 (shown in FIG. 39) of
the same consist 3910 and/or 3912 (shown in FIG. 39) as the
first remote powered unit 3904 may be switched to the ON
mode of operation before switching the first remote powered
unit 3904 to the OFF mode of operation, as described above.
Inone embodiment, the first remote powered unit 3904 is only
switched to the OFF mode of operation after at least one other
remote powered unit 3904 is in the ON mode of operation and
supplying sufficient electric current to the communication
device(s) of the consist to maintain the communication link
with the lead powered unit 3902 (shown in FIG. 39).

[0407] At 4616, the remote vehicle in the consist is turned
to the OFF mode of operation. For example, the propulsion
subsystem 4102 (shown in FIG. 41) of the first remote pow-
ered unit 3904 (shown in FIG. 39) of the consist 3910 and/or
3912 (shown in FIG. 39) may be turned to the OFF mode of
operation, as described above. The propulsion subsystem
4102 may be turned off while at least one communication
device 4100 (shown in FIG. 41) on the consist 3910 and/or
3912 remains on and powered to receive control instructions
from the lead powered unit 3902 (shown in FIG. 39) for
control of operations of one or more other remote powered
units 3904 in the same consist 3910 and/or 3912.

[0408] In another embodiment, a control system includes
an energy management system and an isolation control sys-
tem. The energy management system is configured to gener-
ate a trip plan that designates operational settings of a vehicle
system having plural powered units interconnected with one
another that generate tractive effort to propel the vehicle
system along a route for a trip. The energy management
system also is configured to determine a tractive effort capa-
bility of the vehicle system and a demanded tractive effort of
the trip. The tractive effort capability is representative of the
tractive effort that the powered units are capable of providing
to propel the vehicle system. The demanded tractive effort is
representative of the tractive effort that is calculated to be
used for actually propelling the vehicle system along the route
for the trip according to the trip plan. The isolation control
system is configured to be communicatively coupled with the
energy management system and to remotely turn one or more
of the powered units to an OFF mode. The energy manage-
ment system also is configured to identify a tractive effort
difference between the tractive effort capability of the vehicle
system and the demanded tractive effort of the trip and to
select at least one of the powered units as a selected powered
unit based on the tractive effort difference. The isolation
module also is configured to remotely turn the selected pow-
ered unit to the OFF mode such that the vehicle system is
propelled along the route during the trip by the powered units
other than the selected powered unit.

[0409] Inone aspect, the isolation control system is config-
ured to be disposed onboard a first powered unit of the pow-
ered units in the vehicle system and to remotely turn the
selected powered unit that is located remote from the first
powered unit in the vehicle system to the OFF mode.

[0410] In one aspect, the energy management system is
configured to determine respective portions of the tractive
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effort capability that are provided by the powered units and to
select the selected powered unit to be turned to the OFF mode
based on a comparison between the tractive effort difference
and the portions of the tractive effort capability that are pro-
vided by the powered units.

[0411] In one aspect, the tractive effort difference repre-
sents an excess tractive effort by which the tractive effort
capability is greater than the demanded tractive effort.

[0412] In one aspect, the energy management system is
configured to select the selected powered unit and the isola-
tion control system is configured to remotely turn the selected
powered unit to the OFF mode prior to the vehicle system
starting the trip such that the selected powered unit is in the
OFF mode from the start of the trip through at least until the
trip is completed.

[0413] In one aspect, the trip plan designates the opera-
tional settings of the vehicle system as a function of at least
one of distance along the route or time elapsed during the trip
such that at least one of emissions generated or fuel consumed
by the vehicle system is reduced by operating according to the
trip plan during the trip relative to the vehicle system operat-
ing according to other operational settings of another, difter-
ent trip plan.

[0414] Inoneaspect, the selected powered unit continues to
operate to generate electric current for one or more electric
loads of the at least one of the powered units without produc-
ing tractive effort when in the OFF mode.

[0415] Inone aspect,the operational settings of the trip plan
include at least one of throttle settings, speeds, brake settings,
or power output settings of the powered units.

[0416] Inanother embodiment, a method (e.g., for control-
ling a vehicle system) comprises determining a tractive effort
capability of a vehicle system having plural powered units
that generate tractive effort to propel the vehicle system and a
demanded tractive effort of a trip. The tractive effort capabil-
ity is representative of the tractive effort that the powered
units are capable of providing to propel the vehicle system.
The demanded tractive effort is representative of the tractive
effort that is calculated to be used for actually propelling the
vehicle system along a route for the trip according to a trip
plan. The trip plan designates operational settings of the
vehicle system to propel the vehicle system along the route
for the trip. The method also includes identifying a tractive
effort difference between the tractive effort capability of the
vehicle system and the demanded tractive effort of the trip,
selecting at least one of the powered units as a selected pow-
ered unit based on the tractive effort difference, and remotely
turning the selected powered unit to an OFF mode such that
the vehicle system is propelled along the route during the trip
by the powered units other than the selected powered unit.

[0417] In one aspect, remotely turning the selected pow-
ered unit to the OFF mode is performed by an isolation
control system disposed onboard a first powered unit of the
powered units in the vehicle system to remotely turn off the
selected powered unit that is located remote from the first
powered unit in the vehicle system.

[0418] Inone aspect, the method also includes determining
respective portions of the tractive effort capability that are
provided by the powered units. The selected powered unit is
selected based on a comparison between the tractive effort
difference and the portions of the tractive effort capability that
are provided by the powered units.
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[0419] In one aspect, the tractive effort difference repre-
sents an excess tractive effort by which the tractive effort
capability is greater than the demanded tractive effort.
[0420] In one aspect, selecting the at least one of the pow-
ered units and remotely turning the selected powered unit to
the OFF mode is performed prior to the vehicle system start-
ing the trip such that the selected powered unit is in the OFF
mode from the start of the trip through at least until the trip is
completed.

[0421] In one aspect, the trip plan designates the opera-
tional settings of the vehicle system as a function of at least
one of distance along the route or time elapsed during the trip
such that at least one of emissions generated or fuel consumed
by the vehicle system is reduced by operating according to the
trip plan during the trip relative to the vehicle system operat-
ing according to other operational settings of another, differ-
ent trip plan.

[0422] Inoneaspect,the operational settings ofthe trip plan
include at least one of throttle settings, speeds, brake settings,
or power output settings of the powered units.

[0423] In another embodiment, another control system
includes an energy management system and an isolation con-
trol system. The energy management system is configured to
generate a trip plan that designates operational settings of a
vehicle system having plural powered units interconnected
with one another that generate tractive effort to propel the
vehicle system along a route for a trip. Each of the powered
units is associated with a respective tractive effort capability
representative of a maximum horsepower that can be pro-
duced by the powered unit during travel. The isolation control
system is configured to be communicatively coupled with the
energy management system and to remotely turn one or more
of the powered units to an OFF mode. The energy manage-
ment system also is configured to determine a total tractive
effort capability of the powered units in the vehicle system
and a demanded tractive effort representative of the tractive
effort that is calculated to be used for actually propelling the
vehicle system along the route for the trip according to the trip
plan. The energy management system is configured to select
afirst powered unit from the powered units based on an excess
of'the total tractive effort capability of the powered units over
the demanded tractive effort of the trip. The isolation control
system is configured to remotely turn the first powered unit to
an OFF mode such that the vehicle system is propelled along
the route during the trip without tractive effort from the first
powered unit.

[0424] In one aspect, the energy management system is
configured to select the first powered unit from the powered
units of the vehicle system based on a comparison between
the excess of the tractive effort capability and the tractive
effort capability of each of the powered units.

[0425] In one aspect, the energy management system is
configured to select the first powered unit and the isolation
control system is configured to remotely turn the first pow-
ered unit to the OFF mode prior to the vehicle system starting
the trip.

[0426] In one aspect, the trip plan designates the opera-
tional settings of the vehicle system as a function of at least
one of distance along the route or time elapsed during the trip
such that at least one of emissions generated or fuel consumed
by the vehicle system is reduced by operating according to the
trip plan during the trip relative to the vehicle system operat-
ing according to other operational settings of another, differ-
ent trip plan.
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[0427] Inone aspect,the operational settings of the trip plan
include at least one of throttle settings, speeds, brake settings,
or power output settings of the powered units.

[0428] In another embodiment of a method (e.g., a method
for controlling a vehicle consist), the method comprises, in a
vehicle consist comprising plural powered units, controlling
one or more of the powered units to an OFF mode of opera-
tion. The one or more powered units are controlled to the OFF
mode of operation from a start of a trip of the vehicle consist
along a route at least until a completion of the trip. During the
trip when the one or more powered units are in the OFF mode
of operation, the one or more powered units would be capable
of providing tractive effort to help propel the vehicle consist.
(For example, the powered units controlled to the OFF mode
are not disabled or otherwise incapable of providing tractive
effort.) In another embodiment of the method, in the OFF
mode of operation, engine(s) of the one or more powered
units are deactivated.

[0429] Inanother embodiment, a control system comprises
an energy management system configured to generate a trip
plan for controlling a vehicle system having plural powered
units along a route for a trip. The energy management system
is further configured to determine a tractive effort difference
between a tractive effort capability of the vehicle system and
a demanded tractive effort of the trip. The tractive effort
capability is representative of the tractive effort that the pow-
ered units are capable of providing to propel the vehicle
system, and the demanded tractive effort is representative of
the tractive effort that is calculated to be used for actually
propelling the vehicle system along the route for the trip
according to the trip plan. The energy management system is
further configured to generate the trip plan such that accord-
ing to the trip plan, at least one of the powered units is to be
controlled to an OFF mode during at least part of the trip.
(Thatis, the trip plan is configured such that when the trip plan
is executed, the at least one of the powered units is designated
to be in the OFF mode of operation.) The energy management
system is configured to select the at least one of the powered
units based on the tractive effort difference.

[0430] 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 situa-
tion or material to the teachings of the invention without
departing from its scope. While the dimensions and types of
materials described herein are intended to define the param-
eters of the invention, 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
description. The scope of the invention 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 follow-
ing claims, the terms “first,” “second,” and “third,” etc. are
used merely as labels, and are not intended to impose numeri-
cal 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, sixth paragraph, unless and until such claim
limitations expressly use the phrase “means for” followed by
a statement of function void of further structure.
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[0431] This written description uses examples to disclose
several embodiments of the invention, including the best
mode, and also to enable any person skilled in the art to
practice the embodiments of invention, including making and
using any devices or systems and performing any incorpo-
rated methods. The patentable scope of the invention is
defined by the claims, and may include other examples that
occur to those skilled 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 control system comprising:
an energy management system configured to generate a
trip plan that designates operational settings of a vehicle
system having plural powered units interconnected with
one another that generate tractive effort to propel the
vehicle system along a route for a trip, the energy man-
agement system also configured to determine a tractive
effort capability of the vehicle system and a demanded
tractive effort of the trip, the tractive effort capability
representative of the tractive effort that the powered
units are capable of providing to propel the vehicle sys-
tem, the demanded tractive effort representative of the
tractive effort that is calculated to be used for actually
propelling the vehicle system along the route for the trip
according to the trip plan; and
an isolation control system configured to be communica-
tively coupled with the energy management system and
to remotely turn one or more of the powered units to an
OFF mode,

wherein the energy management system also is configured
to identify a tractive effort difference between the trac-
tive effort capability of the vehicle system and the
demanded tractive effort of the trip and to select at least
one of the powered units as a selected powered unit
based on the tractive effort difference, and

wherein the isolation module also is configured to remotely

turn the selected powered unit to the OFF mode such that
the vehicle system is propelled along the route during the
trip by the powered units other than the selected powered
unit.

2. The control system of claim 1, wherein the isolation
control system is configured to be disposed onboard a first
powered unit of the powered units in the vehicle system and to
remotely turn the selected powered unit that is located remote
from the first powered unit in the vehicle system to the OFF
mode.

3. The control system of claim 1, wherein the energy man-
agement system is configured to determine respective por-
tions of the tractive effort capability that are provided by the
powered units and to select the selected powered unit to be
turned to the OFF mode based on a comparison between the
tractive effort difference and the portions of the tractive effort
capability that are provided by the powered units.

4. The control system of claim 1, wherein the tractive effort
difference represents an excess tractive effort by which the
tractive effort capability is greater than the demanded tractive
effort.

5. The control system of claim 1, wherein the energy man-
agement system is configured to select the selected powered
unit and the isolation control system is configured to remotely
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turn the selected powered unit to the OFF mode prior to the
vehicle system starting the trip such that the selected powered
unit is in the OFF mode from the start of the trip through at
least until the trip is completed.

6. The control system of claim 1, wherein the trip plan
designates the operational settings of the vehicle system as a
function of at least one of distance along the route or time
elapsed during the trip such that at least one of emissions
generated or fuel consumed by the vehicle system is reduced
by operating according to the trip plan during the trip relative
to the vehicle system operating according to other operational
settings of another, different trip plan.

7. The control system of claim 1, wherein the selected
powered unit continues to operate to generate electric current
for one or more electric loads of the at least one of the
powered units without producing tractive effort when in the
OFF mode.

8. The control system of claim 1, wherein the operational
settings of the trip plan include at least one of throttle settings,
speeds, brake settings, or power output settings of the pow-
ered units.

9. A method comprising:

determining a tractive effort capability of a vehicle system

having plural powered units that generate tractive effort
to propel the vehicle system and a demanded tractive
effort of a trip, the tractive effort capability representa-
tive of the tractive effort that the powered units are
capable of providing to propel the vehicle system, the
demanded tractive effort representative of the tractive
effort that is calculated to be used for actually propelling
the vehicle system along a route for the trip according to
atrip plan, the trip plan designating operational settings
of the vehicle system to propel the vehicle system along
the route for the trip;

identifying a tractive effort difference between the tractive

effort capability of the vehicle system and the demanded
tractive effort of the trip;
selecting at least one of the powered units as a selected
powered unit based on the tractive effort difference; and

remotely turning the selected powered unit to an OFF mode
such that the vehicle system is propelled along the route
during the trip by the powered units other than the
selected powered unit.

10. The method of claim 9, wherein remotely turning the
selected powered unit to the OFF mode is performed by an
isolation control system disposed onboard a first powered
unit of the powered units in the vehicle system to remotely
turn off the selected powered unit that is located remote from
the first powered unit in the vehicle system.

11. The method of claim 9, further comprising determining
respective portions of the tractive effort capability that are
provided by the powered units, wherein the selected powered
unit is selected based on a comparison between the tractive
effort difference and the portions of the tractive effort capa-
bility that are provided by the powered units.

12. The method of claim 9, wherein the tractive effort
difference represents an excess tractive effort by which the
tractive effort capability is greater than the demanded tractive
effort.

13. The method of claim 9, wherein selecting the at least
one of the powered units and remotely turning the selected
powered unit to the OFF mode is performed prior to the
vehicle system starting the trip such that the selected powered
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unit is in the OFF mode from the start of the trip through at
least until the trip is completed.
14. The method of claim 9, wherein the trip plan designates
the operational settings of the vehicle system as a function of
at least one of distance along the route or time elapsed during
the trip such that at least one of emissions generated or fuel
consumed by the vehicle system is reduced by operating
according to the trip plan during the trip relative to the vehicle
system operating according to other operational settings of
another, different trip plan.
15. The method of claim 9, wherein the operational settings
of'the trip plan include at least one of throttle settings, speeds,
brake settings, or power output settings of the powered units.
16. A control system comprising:
an energy management system configured to generate a
trip plan that designates operational settings of a vehicle
system having plural powered units interconnected with
one another that generate tractive effort to propel the
vehicle system along a route for a trip, each of the
powered units associated with a respective tractive effort
capability representative of a maximum horsepower that
can be produced by the powered unit during travel;
an isolation control system configured to be communica-
tively coupled with the energy management system and
to remotely turn one or more of the powered units to an
OFF mode,

wherein the energy management system also is configured
to determine a total tractive effort capability of the pow-
ered units in the vehicle system and a demanded tractive
effort representative of the tractive effort that is calcu-
lated to be used for actually propelling the vehicle sys-
tem along the route for the trip according to the trip plan,
and
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wherein the energy management system is configured to
select a first powered unit from the powered units based
on an excess of the total tractive effort capability of the
powered units over the demanded tractive effort of the
trip, and the isolation control system is configured to
remotely turn the first powered unit to an OFF mode
such that the vehicle system is propelled along the route
during the trip without tractive effort from the first pow-
ered unit.

17. The control system of claim 16, wherein the energy
management system is configured to select the first powered
unit from the powered units of the vehicle system based on a
comparison between the excess of the tractive effort capabil-
ity and the tractive effort capability of each of the powered
units.

18. The control system of claim 16, wherein the energy
management system is configured to select the first powered
unitand the isolation control system is configured to remotely
turn the first powered unit to the OFF mode prior to the
vehicle system starting the trip.

19. The control system of claim 16, wherein the trip plan
designates the operational settings of the vehicle system as a
function of at least one of distance along the route or time
elapsed during the trip such that at least one of emissions
generated or fuel consumed by the vehicle system is reduced
by operating according to the trip plan during the trip relative
to the vehicle system operating according to other operational
settings of another, different trip plan.

20. The control system of claim 16, wherein the operational
settings of the trip plan include at least one of throttle settings,
speeds, brake settings, or power output settings of the pow-
ered units.



