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METHOD AND COMPUTER SOFTWARE CODE FOR
IMPLEMENTING A REVISED MISSION PLAN FOR A POWERED SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] This application claims priority to and is a Continuation-In-Part of U.S.
Application No. 11/765,443 filed June 19, 2007, which claims priority to U.S.
Provisional Application No. 60/894,039 filed March 9, 2007, and U.S. Provisional
Application No. 60/939,852 filed May 24, 2007, and incorporated herein by reference
in its entirety.

[02] U.S. Application No. 11/765,443 claims priority to and is a
Continuation-In-Part of U.S. Application No. 11/669,364 filed January 31, 2007,
which claims priority to U.S. Provisional Application No. 60/849,100 filed October 2,
2006, and U.S. Provisional Application No. 60/850,885 filed October 10, 2006, and
incorporated herein by reference in its entirety.

[03] U.S. Application No. 11/669,364 claims priority to and is a
Continuation-In-Part of U.S. Application No. 11/385,354 filed March 20, 2006, and

incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[04] This invention 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 determining when a new mission plan request is issued for a powered system
when a desired parameter of the mission plan is unobtainable and/or exceeds a
predefined limit so that fuel efficiency, emission output, vehicle performance,
infrastructure and environment mission performance of the powered system is
realized.

[05] Some powered systems such as, but not limited to, off-highway
vehicles, marine diesel powered propulsion plants, stationary powered system,
transport vehicles such as transport buses, agricultural vehicles, and rail vehicle
systems or trains, are typically powered by one or more power units, or power
generating units. With respect to rail vehicle systems, a power unit is usually a part of
at least one locomotive powered by at least one internal combustion engine and the

train further includes a plurality of rail cars, such as freight cars. Usually more than
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one locomotive is provided wherein the locomotives are considered a locomotive
consist. Locomotives are complex systems with numerous subsystems, with each
subsystem being interdependent on other subsystems.

[06] An operator is 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 ensuring proper operations of
the locomotive, or locomotive consist, the operator also is responsible for determining
operating speeds of the train and forces within the train that the locomotives are part
of. To perform this function, the operator generally must have extensive experience
with operating the locomotive and various trains over the specified terrain. This
knowledge is needed to comply with prescribeable operating parameters, such as
speeds, emissions and the like that may vary with the train location along the track.
Moreover, the operator is also responsible for assuring in-train forces remain within
acceptable limits.

[07] In marine applications, an operator 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 also 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 generally must have extensive experience with operating the
vessel and various consists over the specified waterway or mission. This knowledge
is needed to comply with prescribeable operating speeds and other mission parameters
that may vary with the vessel location along the mission. Moreover, the operator is
also responsible for assuring mission forces and location remain within acceptable
limits.

[08] Inthe case of multiple power powered systems, which by way of
example and 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
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proper operations of the single system, or system consist, the operator also is
responsible for determining operating parameters of the system set and forces within
the set that the system are part of. To perform this function, the operator generally
must have extensive experience with operating the system and various sets over the
specified space and mission. This knowledge is needed to comply with prescribeable
operating parameters and speeds that may vary with the system set location along the
route. Moreover, the operator is also responsible for assuring in-set forces remain
within acceptable limits.

[09] Based on a particular train mission, when building a train, it is
common practice to provide a range of locomotives in the train make-up to power the
train, based in part on available locomotives with varied power and run trip mission
history. This typically leads to a large variation of locomotive power available for an
individual train. Additionally, for critical trains, such as Z-trains, backup power,
typically backup locomotives, is typically provided to cover an event of equipment
failure, and to ensure the train reaches its destination on time.

[010] Furthermore, when building a train, locomotive emission outputs are
usually determined by establishing a weighted average for total emission output based
on the locomotives in the train while the train is in idle. These averages are expected
to be below a certain emission output when the train is in idle. However, typically,
there is no further determination made regarding the actual emission output while the
train is in idle. Thus, though established calculation methods may suggest that the
emission output is acceptable, in actuality the locomotive may be emitting more
emissions than calculated.

[011] When operating a train, train operators typically call for the same notch
settings when operating the train, which in turn may lead to a large variation in fuel
consumption and/or emission output, such as, but not limited to, Noyx, CO,, etc.,
depending on a number of locomotives powering the train. Thus, the operator usually
cannot operate the locomotives so that the fuel consumption is minimized and
emission output is minimized for each trip since the size and loading of trains vary,
and locomotives and their power availability may vary by model type.

[012] However, with respect to a locomotive, even with knowledge to assure
safe operation, the operator cannot usually operate the locomotive so that the fuel
consumption and emissions is minimized for each trip. For example, other factors

that must be considered may include emission output, operator’s environmental
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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.

[013] A train owner usually owns a plurality of trains wherein the trains
operate over a network of railroad tracks. Because of the integration of multiple trains
running concurrently within the network of railroad tracks, wherein scheduling issues
must also be considered with respect to train operations, train owners would benefit
from a way to optimize fuel efficiency and emission output so as to save on overall
fuel consumption while minimizing emission output of multiple trains while meeting
mission trip time constraints.

[014] When planning a mission that may be performed autonomously, which
includes little to no input from the operator, planning the mission may be difficult if
the planning is not robust enough to accept various user inputs. In standard
optimization theory, constraints are used to restrict the system to behave in a given
way. However, this can lead to situations where a physically reasonable problem is
rendered unsolvable because it is not strictly feasible given the mathematical
constraints specified on the optimization problem. This can cause the whole
optimization to fail. For example, with respect to a rail vehicle, to constrain the rail
vehicle notch to behave smoothly, a rate limit may be imposed on the notch.
However in exceptional cases, such as but not limited to abrupt grade variations, it
may be impossible to satisfy this constraint while avoiding over speeding and/or
stalling. In another example if a certain speed is imposed but the rail vehicle does not
have sufficient power to reach the specified speed, the optimization may fail.

[015] Another concern with planning the mission occurs when re-plan
missions are identified to replace a currently used mission plan. A mission planner
typically uses algorithms, and/or computer-readable instructions executable by a
processor that are computationally complex and require a high percentage of
computer processing utilization. Therefore processing time is a concern, especially
when multiple re-plans are identified. When re-plans are identified they are usually
cued to be implemented in the order they are prepared. Doing so may result in more
urgent re-plans not occurring in a timely fashion. Furthermore, there may be times

during a mission when implementing a re-plan mission is not preferred.
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[016] Owners and/or operators of rail vehicles, off-highway vehicles, marine
powered propulsion plants, transportation vehicles, agricultural vehicles, and/or
stationary powered systems would appreciate the financial and operational benefits
realized when these powered system produce optimized fuel efficiency, emission
output, fleet efficiency, and mission parameter performance so as to save on overall
fuel consumption while minimizing emission output while meeting operating
constraints, such as but not limited to mission time constraints, where re-planning of a
mission plan is accomplished to minimize processor utilization and to insure higher

priority re-plans are implemented first.

BRIEF DESCRIPTION OF THE INVENTION

[017] Embodiments of the invention disclose a method and computer
software code for determining when to request a revised mission plan from a
computer-readable instruction that when executed by the processor cause the
processor to generate a mission plan for a powered system. The method discloses
identifying whether at least one revised mission plan request a mandatory mission
plan request, an optional mission plan request, and/or a confirmation required mission
plan request which may replace a current mission plan.

[018] The computer software code discloses a computer software module for
identifying whether at least one revised mission plan request a mandatory mission
plan request, an optional mission plan request, and/or a confirmation required mission

plan request which may replace a current mission plan.

BRIEF DESCRIPTION OF THE DRAWINGS

[019] A more particular description of the invention briefly described above
will be rendered by reference to specific embodiments thercof that are illustrated in
the appended drawings. Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be considered to be limiting of
its scope, exemplary embodiments of the invention will be described and explained
with additional specificity and detail through the use of the accompanying drawings in
which:

[020] FIG. 1 depicts an exemplary illustration of a flow chart trip

optimization;
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[021] FIG. 2 depicts a simplified a mathematical model of the train that may
be employed in connection with the present invention;

[022] FIG. 3 depicts an exemplary embodiment of elements for trip
optimization;

[023] FIG. 4 depicts an exemplary embodiment of a fuel-use/travel time
curve;

[024] FIG. 5 depicts an exemplary embodiment of segmentation
decomposition for trip planning;

[025] FIG. 6 depicts another exemplary embodiment of a segmentation
decomposition for trip planning;

[026] FIG. 7 depicts another exemplary flow chart trip optimization;

[027] FIG. 8 depicts an exemplary illustration of a dynamic display for use
by an operator;

[028] FIG. 9 depicts another exemplary illustration of a dynamic display for
use by the operator;

[029] FIG. 10 depicts another exemplary illustration of a dynamic display for
use by the operator;

[030] FIG. 11 depicts an exemplary embodiment of a network of railway
tracks with multiple trains;

[031] FIG. 12 depicts an exemplary embodiment of a flowchart improving
fuel efficiency of a train through optimized train power makeup;

[032] FIG. 13 depicts a block diagram of exemplary elements included in a
system for optimized train power makeup;

[033] FIG. 14 depicts a block diagram of a transfer function for determining
a fuel efficiency and emissions for a diesel powered system;

[034] FIG. 15 depicts an exemplary embodiment of a flow chart determining
a configuration of a powered system having at least one power generating unit;

[035] FIG. 16 depicts an exemplary embodiment of a closed-loop system for
operating a rail vehicle;

[036] FIG. 17 depicts the closed loop system of FIG. 16 integrated with a
master control unit;

[037] FIG. 18 depicts an exemplary embodiment of a closed-loop system for
operating a rail vehicle integrated with another input operational subsystem of the rail

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

[039] FIG. 20 depicts another exemplary embodiment of a closed-loop
System;

[040] FIG. 21 depicts an exemplary embodiment of a flowchart for operating
a powered system;

[041] FIG. 22 depicts an exemplary flowchart for operating a rail vehicle in a
closed-loop process;

[042] FIG. 23 depicts an embodiment of a speed versus time graph
comparing current operations to emissions optimized operation

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

[044] FIG. 25 depicts an exemplary flowchart for determining a
configuration of a powered system;

[045] FIG. 26 depicts a system for minimizing emission output;

[046] FIG. 27 depicts a system for minimizing emission output from a
powered system;

[047] FIG. 28 depicts a method for operating a powered system having at
least one power generating unit;

[048] FIG. 29 depicts a block diagram of an exemplary system operating a
powered system having at least one power generating unit;

[049] FIG. 30A discloses a first part of a flow chart illustrating an exemplary
embodiment for determining when to request a revised mission plan;

[050] FIG. 30B discloses a second part of a flow chart illustrating an
exemplary embodiment for determining when to request the revised mission plan;

[051] FIG. 31A discloses a first part of a process flow chart illustrating an
exemplary embodiment for implementing a mission plan request; and

[052] FIG. 31B discloses a second part of the process flow chart illustrating

an exemplary embodiment for implementing the mission plan request.

DETAILED DESCRIPTION OF THE INVENTION

[053] Reference will now be made in detail to the embodiments consistent
with the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numerals used throughout the drawings refer

to the same or like parts.



WO 2008/147668 PCT/US2008/063193

[054] Though exemplary embodiments of the present invention are described
with respect to rail vehicles, or railway transportation systems, specifically trains and
locomotives having diesel engines, exemplary embodiments of the invention are also
applicable for other uses, such as but not limited to off-highway vehicles, marine
vessels, stationary units, and, agricultural vehicles, transport buses, each which may
use at least one diesel engine, an electric engine, a hybrid engine, or an internal
combustion engine. Towards this end, when discussing a specified mission, this
includes a task or requirement to be performed by the powered system. Therefore,
with respect to railway, marine, transport vehicles, agricultural vehicles, or off-
highway vehicle applications this may refer to the movement of the system from a
present location to a destination. In the case of stationary applications, such as but not
limited to a stationary power generating station or network of power generating
stations, a specified mission may refer to an amount of wattage (e.g., MW/hr) or other
parameter or requirement to be satisfied by the powered system. Likewise, operating
condition of the generating unit may include one or more of speed, load, fueling
value, timing, etc. Furthermore, though diesel powered systems are disclosed, those
skilled in the art will readily recognize that embodiment of the invention may also be
utilized with non-diesel powered systems, such as but not limited to natural gas
powered systems, bio-diesel powered systems, electric powered systems, hybrid
systems, etc. Furthermore, as disclosed herein such non-diesel powered systems, as
well as diesel powered systems, may include multiple engines, other power sources,
and/or additional power sources, such as, but not limited to, battery sources, voltage
sources (such as but not limited to capacitors), chemical sources, pressure based
sources (such as but not limited to spring and/or hydraulic expansion), current sources
(such as but not limited to inductors), inertial sources (such as but not limited to
flywheel devices), gravitational-based power sources, and/or thermal-based power
sources.

[055] Inone exemplary example involving marine vessels, a plurality of tugs
may be operating together where all are moving the same larger vessel, where each
tug 1s linked in time to accomplish the mission of moving the larger vessel. In
another exemplary 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 carth, 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



WO 2008/147668 PCT/US2008/063193

plurality of stations may be grouped together collectively generating power for a
specific location and/or purpose. In another exemplary embodiment, a single station
is provided, but with a plurality of generators making up the single station. In one
exemplary example involving locomotive vehicles, a plurality of diesel powered
systems may be operating together where all are moving the same larger load, where
cach system is linked in time to accomplish the mission of moving the larger load. In
another exemplary embodiment a locomotive vehicle may have more than one diesel
powered system.

[056] Exemplary embodiments of the invention solves problems in the art by
providing a method, and computer implemented method, such as a computer software
code, determining when to request a revised mission plan from a computer-readable
instruction that when executed by the processor cause the processor to generate a
mission plan for a powered system. With respect to locomotives, exemplary
embodiments of the present invention are also operable when the locomotive consist
is in distributed power operation.

[057] Persons skilled in the art will recognize that an apparatus, such as a
data processing system, including a CPU, memory, I/O, program storage, a
connecting bus, and other appropriate components, could be programmed or
otherwise designed to facilitate the practice of the method of the invention. Such a
system would include appropriate program means for executing the method of the
invention.

[058] Also, an article of manufacture, such as a pre-recorded 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 of the invention. Such
apparatus and articles of manufacture also fall within the spirit and scope of the
invention.

[059] Broadly speaking, a technical effect is to determine when to request a
revised mission plan from a computer-readable instruction that when executed by the
processor cause the processor to generate a mission plan for a powered system. To
facilitate an understanding of the exemplary embodiments of the invention, it is
described hereinafter with reference to specific implementations thereof. Exemplary
embodiments of the invention may be described in the general context of computer-

executable instructions, such as program modules, being executed by any device, such
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as but not limited to a computer, designed to accept data, perform prescribed
mathematical and/or logical operations usually 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
that underlie exemplary embodiments of the invention can be coded in different
programming languages, for use with different devices, or platforms. In the
description that follows, examples of the invention 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 exemplary embodiments of the invention can be implemented
with other types of computer software technologies as well.

[060] Moreover, those skilled in the art will appreciate that exemplary
embodiments of the invention may be practiced with other computer system
configurations, including hand-held devices, multiprocessor systems, microprocessor-
based or programmable consumer electronics, minicomputers, mainframe computers,
and the like. Exemplary embodiments of the invention may also be practiced in
distributed computing environments where tasks are performed by remote processing
devices that are linked through a communications network. In a distributed
computing environment, program modules 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 wireless
communication is used.

[061] Throughout this document the term locomotive consist is used. As
used herein, a locomotive consist may be described as having one or more
locomotives in succession, connected together so as to provide motoring and/or
braking capability. The locomotives are connected together where no train cars are in
between the locomotives. The train can have more than one locomotive consists in its
composition. Specifically, 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). Though a first locomotive is usually viewed as the lead locomotive,
those skilled in the art will readily recognize that the first locomotive in a multi

locomotive consist may be physically located in a physically trailing position. Though

10
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a locomotive consist is usually viewed as successive locomotives, those skilled in the
art will readily recognize that 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, wherein throttle and
braking commands are relayed from the lead locomotive to the remote trains by a
radio link or physical cable. Towards this end, the term locomotive consist should be
not be considered a limiting factor when discussing multiple locomotives within the
same train.

[062] As disclosed herein, a consist may also be applicable when referring to
such diesel powered systems, but not limited to, as marine vessels, off-highway
vehicles, transportation 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 diesel powered systems. Similarly, sub-consists may exist. For example,
the diesel powered system may have more than one diesel-fueled power generating
unit. For example, a power plant may have more than one diesel electric power unit
where optimization may be at the sub-consist level. Likewise, a locomotive may have
more than one diesel power unit.

[063] Referring now to the drawings, embodiments of the present invention
will be described. Exemplary embodiments of the invention 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 of the invention are discussed below.

[064] FIG. 1 depicts an exemplary illustration of a flow chart of an
exemplary embodiment of the present invention. 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 function of output power, cooling characteristics, the intended trip route
(effective track grade and curvature as function of milepost or an “effective grade”

component to reflect curvature following standard railroad practices), the train

11
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represented by car makeup and loading together with effective drag coefficients, trip
desired parameters including, but not limited to, start time and location, end location,
desired travel time, crew (user and/or operator) identification, crew shift expiration
time, and route.

[065] This data may be provided to the locomotive 42 in a number of ways,
such as, but not limited to, an operator manually entering this data into the locomotive
42 via an onboard 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
information via wireless communication from a central or wayside location 41, such
as a track signaling device and/or a wayside device, to the locomotive 42.
Locomotive 42 and 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. This includes for example, changes in locomotive or train
characteristics detected by monitoring equipment on or off board the locomotive(s)
42,

[066] The track signal system determines the allowable speed of the train.
There are many types of track signal systems and the operating rules associated with
cach 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. These signals can indicate the track is clear and the train may proceed at
max allowable speed. They can also indicate a reduced speed or stop is required.
This reduced speed may need to be achieved immediately, or at a certain location (e.g.
prior to the next signal or crossing).

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

[068] The signaling system may interface with the on-board signal system
and adjust the locomotive speed according 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

12
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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.

[069] Based on the specification data input into the exemplary embodiment
of the present invention, an optimal plan which minimizes fuel use and/or emissions
produced subject to speed limit constraints along the route with desired start and end
times is computed to produce a trip profile 12. The profile contains the optimal speed
and power (notch) settings the train is to follow, expressed as a function of distance
and/or time, and such train operating limits, including but not limited to, the
maximum notch power and brake settings, and speed limits as a function of location,
and the expected fuel used and emissions generated. In an exemplary embodiment,
the value for the notch setting is selected to obtain throttle change decisions about
once every 10 to 30 seconds. Those skilled in the art will readily recognize that the
throttle change decisions may occur at a longer or shorter duration, if needed and/or
desired to follow an optimal speed profile. In a broader sense, it should be evident to
ones skilled in the art the profiles provide power settings for the train, either at the
train level, consist level and/or individual train level. Power comprises braking
power, motoring power, and airbrake power. In another preferred embodiment,
instead of operating at the traditional discrete notch power settings, the exemplary
embodiment of the present invention is 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.

[070] 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 minimize fuel
and/or emissions subject to locomotive operating and schedule constraints, as
summarized below. In some cases the required optimal profile may be close enough
to one previously determined, owing to the similarity of the train configuration, route
and environmental conditions. In these cases it may be sufficient to look up the
driving trajectory within a database 63 and attempt to follow it. 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
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variables that correspond to rate of fuel consumption and emissions generation plus a
term to penalize excessive throttle variation.

[071] An optimal control formulation is set up to minimize the quantitative
objective function subject to constraints including but not limited to, speed limits and
minimum and maximum power (throttle) settings and maximum cumulative and
instantaneous emissions. Depending on planning objectives at any time, the problem
may be setup flexibly to minimize fuel subject to constraints on emissions and speed
limits, or to minimize emissions, subject to constraints on fuel use and arrival time. It
is also possible to setup, for example, a goal to minimize the total travel time without
constraints on total emissions or fuel use where such relaxation of constraints would
be permitted or required for the mission.

[072] Throughout the document exemplary equations and objective functions
are presented for minimizing locomotive fuel consumption. These equations and
functions are for illustration only as other equations and objective functions can be
employed to optimize fuel consumption or to optimize other locomotive/train
operating parameters.

[073] Mathematically, the problem to be solved may be stated more
precisely. The basic physics are expressed by:

% =v;x(0)=0.0,x(T,)=D

%:Te(u,v)—Ga(x)—R(V);V(O) =0.0:1(T;)=0.0

where x 18 the position of the train, v its velocity and t is 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 the desired arrival time at distance D
along the track, T. is the tractive effort produced by the locomotive consist, G, is the
gravitational drag which depends on the train length, train makeup and terrain on
which the train is located, R is the net speed dependent drag of the locomotive consist
and train combination. 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).
Finally, the model is readily modified to include other important dynamics such 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 minimize the quantitative

objective function subject to constraints including but not limited to, speed limits and
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minimum and maximum power (throttle) settings. Depending on planning objectives
at any time, the problem may be setup flexibly to minimize fuel subject to constraints
on emissions and speed limits, or to minimize emissions, subject to constraints on fuel
use and arrival time.

[074] It is also possible to setup, for example, a goal to minimize the total
travel time without constraints on total emissions or fuel use where such relaxation of
constraints would be permitted or required for the mission. All these performance

measures can be expressed as a linear combination of any of the following:
I

rn(i? IF (u(?))dt - Minimize total fuel consumption
u(t
0

minT - Minimize Travel Time
u(t)

n}{in Z (u, —u, )" - Minimize notch jockeying (piecewise constant input)
F=2

7

rn(i? j(du /dt)*dt - Minimize notch jockeying (continuous input)
u(z
0

Replace the fuel term F in (1) with a term corresponding to emissions production. For
T

example for emissions rn(l? IE (u(t))dt - Minimize total emissions consumption. In
u(t
0

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

[075] A commonly used and representative objective function is thus:
I, I,

mina, [Fu(eyde+ e T, +a, [(du/dry dt (OP)
0 0

The coefficients of the linear combination depend on the importance (weight) given to
cach of the terms. Note that in equation (OP), u(t) is the optimizing variable that is
the continuous notch position. If discrete notch is required, e.g. for older locomotives,
the solution to equation (OP) is discretized, which may result in lower fuel savings.
Finding a minimum time solution (o set to zero and o, set to zero or a relatively
small value) is used to find a lower bound for the achievable travel time (Tt = Tmin).

In this case, both u(t) and Tr are optimizing variables. The preferred embodiment
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solves the equation (OP) for various values of Tr with T¢> Teyin with o3 set to zero. In
this latter case, Ty is treated as a constraint.
[076] For those familiar with solutions to such optimal problems, it may be
necessary to adjoin constraints, e.g. the speed limits along the path:
1. 0<v<SL(x)
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
i, 0< [Fu@)dt<W,
0

where Wr is the fuel remaining in the tank at Tr. Those skilled in the art will readily
recognize that equation (OP) can be in other forms as well and that what is presented
above is an exemplary equation for use in the exemplary embodiment of the present
invention. For example, those skilled in the art will readily recognize that a variation
of equation (OP) is required where multiple power systems, diesel and/or non-diesel,
are used to provide multiple thrusters, such as but not limited to as may be used when
operating a marine vessel.

[077] Reference to emissions in the context of the exemplary embodiment of
the present invention is actually directed towards cumulative emissions produced in
the form of oxides of nitrogen (NOx), carbon oxides (COx), 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, measured in watts, for respective frequencies
emitted by the locomotive. Yet another form of emission is the noise produced by the
locomotive, typically measured in decibels (dB). An emission 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 arca may have
different emission objectives, for example a lower amount of allowed emissions or a
higher fee charged for a given level of emissions.

[078] Accordingly, an emission profile for a certain geographic area may be
tailored to include maximum emission values for each of the regulated emissions

including in the profile to meet a predetermined emission objective required for that
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arca. Typically, for a locomotive, these emission parameters are determined by, but
not limited to, the power (Notch) setting, ambient conditions, engine control method,
etc. By design, every locomotive must be compliant with EPA emission standards,
and thus in an embodiment of the present invention that optimizes emissions this may
refer to mission-total emissions, for which there is no current EPA specification.
Operation of the locomotive according to the optimized trip plan is at all times
compliant with EPA emission standards. Those skilled in the art will readily
recognize that because diesel engines are used in other applications, other regulations
may also be applicable. For example, CO, emissions are considered in international
treaties.

[079] If a key objective during a trip mission is to reduce emissions, the
optimal control formulation, equation (OP), would be amended to consider this trip
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.

[080] To solve the resulting optimization problem, in an exemplary
embodiment the present invention transcribes a dynamic optimal control problem in
the time domain to an equivalent static mathematical 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 an exemplary embodiment, suppose a
train is traveling a 172-mile (276.8 kilometers) stretch of track in the southwest
United States. Utilizing the exemplary embodiment of the present invention, an
exemplary 7.6% saving in fuel used may be realized when comparing a trip
determined and followed using the exemplary embodiment of the present invention
versus an actual driver throttle/speed history where the trip was determined by an
operator. The improved savings is realized because the optimization realized by using
the exemplary embodiment of the present invention produces a driving strategy with
both less drag loss and little or no braking loss compared to the trip plan of the
operator.

[081] To make the optimization described above computationally tractable, a

simplified mathematical model of the train may be employed, such as illustrated in
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FIG. 2 and the equations discussed above. As illustrated, certain set specifications,
such as but not limited to information 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 remaining in the mission, and/or fuel used. As disclosed herein,
other factors that may be included in the profile are notch setting and time. A key
refinement to the optimal profile is produced by driving a more detailed model with
the optimal power sequence generated, 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, i.e. satisfying additional implied constraints such thermal and
electrical limits on the locomotive and inter-car forces in the train. Those skilled in
the art will readily recognize how the equations discussed herein are utilized with
FIG. 2.

[082] Referring back to FIG. 1, once the trip is started 12, power commands
are generated 14 to put the plan in motion. Depending on the operational set-up of the
exemplary embodiment of the present invention, one command is for the locomotive
to follow the optimized power command 16 so as to achieve the optimal speed. The
exemplary embodiment of the present invention obtains actual speed and power
information from the locomotive consist of the train 18. Owing to the inevitable
approximations in the models used for the optimization, a closed-loop calculation of
corrections to optimized power is 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.

[083] In some cases, the model used in the optimization may differ
significantly from the actual 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.
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[084] 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 limited 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 major adjustments depending on the
severity of the disruption, as discussed in more detail below. In general, a “new” plan
must be derived from a solution to the optimization problem equation (OP) described
above, but frequently faster approximate solutions can be found, as described herein.

[085] In operation, the locomotive 42 will 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 locomotive(s) or fully or partially
moved to a remote location, such as dispatch or wayside processing facilities where
wireless technology is used to communicate the plans to the locomotive 42. The
exemplary embodiment of the present invention 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 considering locations of a
plurality of trains. 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 movements to achieve a system-
wide advantage in fuel use or throughput. As disclosed above, those skilled in the art
will recognize that various fuel types, such as but not limited to diesel fuel, heavy
marine fuels, palm oil, bio-diesel, etc., may be used.

[086] Furthermore, as disclosed above, those skilled in the art will recognize
that 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
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4400 HP, the optimum point could be when batteries are supplying 1200 HP and
engine is supplying 200 HP.

[087] 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.

[088] Many 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, such as but not limited to arrival time remain the same, additional changes
may be factored in concurrently, e.g. new future speed limit changes, which could
affect the feasibility of ever 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, as discussed herein other trip plan(s) may be
presented to the operator and/or remote facility, or dispatch.

[089] 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,
the exemplary embodiment of the present invention 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 at all (i.e. what

minimum time to go or the maximum fuel that can be saved within a time constraint).
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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 or too 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.

[090] Changes in plan objectives can also arise from a need to coordinate
events where the plan for one train compromises the ability of another train to meet
objectives and 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 communications. 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
pertaining to being late into the exemplary embodiment of the present invention
wherein the exemplary embodiment will recalculate the train’s trip plan. The
exemplary embodiment of the present invention can also be used at a high level, or
network-level, to allow a dispatch to determine 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 transmitting 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 situation.

[091] For any of the manually or automatically initiated re-plans, exemplary
embodiments of the present invention may present more than one trip plan to the
operator. In an exemplary embodiment the present invention will present different
profiles to the operator, allowing the operator to select the arrival time and understand
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 tradeoff curves such as illustrated in FIG. 4.

[092] The exemplary embodiment of the present invention has 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
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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.

[093] Likewise, in a similar fashion where multiple thrusters are available,
cach may need to be independently controlled. 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 controlled to produce the
optimum output. Therefore utilizing transition logic, the trip optimizer may
determine which propeller to operate based on what has been learned previously and
by adapting to key changes in the marine vessel’s operation.

[094] FIG. 3 depicts an exemplary embodiment of elements of that may part
of an exemplary 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 locomotive
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. Information about
travel locations may also be transferred from other trains.

[095] A track characterization element 33 to provide information about a
track, principally grade and elevation and curvature information, is also provided.
The track characterization element 33 may include an on-board track integrity
database 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 configuration information, speed of the locomotive consist 42, individual
locomotive configuration, individual locomotive capability, etc. In an exemplary
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, the health of the locomotives in the consist may also be considered. For
example, if one locomotive in the consist is unable to operate above power notch level

5, this information is used when optimizing the trip plan.
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[096] 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 towards 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 automatic equipment identification (RF AEI) Tags,
dispatch, and/or video determination, may be used to gage the exact location 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, the exemplary embodiment of the present invention 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.

[097] Information from the locator element 30 may also be used to change
planning objectives as a function of distance to destination. For example, owing to
inevitable uncertainties about congestion along the route, “faster” time objectives 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.

[098] 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. The
exemplary embodiment of the present invention would optimize the trip plan to allow
for slower operation at the end of the trip since unknown constraints, such as but not
limited to weather conditions, track maintenance, etc., may develop and become
known during the trip. As another consideration, if traditionally congested arcas are
known, the plan is developed with an option to have more flexibility around these
traditionally congested regions. Therefore, the exemplary embodiment of the present
invention may also consider weighting/penalty as a function of time/distance into the
future and/or based on known/past experience. Those skilled in the art will readily

recognize that such planning and re-planning to take into consideration weather
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conditions, track conditions, other trains on the track, etc., may be taking into
consideration at any time during the trip wherein the trip plan is adjust accordingly.

[099] FIG. 3 further discloses other elements that may be part of the
exemplary embodiment of the present invention. A processor 44 is provided that is
operable to receive information from the locator element 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 trip plan based on parameters involving
the locomotive 42, train 31, track 34, and objectives of the mission as described
above. In an exemplary embodiment, the trip plan is established based on models for
train behavior as the train 31 moves along the track 34 as 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 minimizing fuel consumption of a locomotive consist 42, minimizing emissions
of a locomotive consist 42, establishing a desired trip time, and/or ensuring proper
crew operating time aboard the locomotive consist 42. In an exemplary embodiment,
a driver, or controller element, 51 is also provided. As discussed herein the controller
element 51 is used for controlling the train as it follows the trip plan. In an exemplary
embodiment discussed further herein, the controller element 51 makes train operating
decisions autonomously. In another exemplary embodiment the operator may be
involved with directing the train to follow the trip plan.

[0100] A requirement of the exemplary embodiment of the present invention
is the ability to initially create and quickly modify on the fly any 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, those skilled in the art will readily recognize that more than
one algorithm may be used where the algorithms may be connected together. The
waypoint may include natural 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 at a scheduled time and

24



WO 2008/147668 PCT/US2008/063193

be stopped or moving with speed in a specified range. The time duration from arrival
to departure at waypoints is called dwell time.

[0101] In an exemplary embodiment, the present invention is able to break
down a longer trip into smaller segments in a special systematic way. Each segment
can be somewhat arbitrary in length, but is typically picked 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 Figure 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. The exemplary embodiment of the invention distributes travel time amongst
all the segments of the trip in an optimal way so that the total trip time required is
satisfied and total fuel consumed over all the segments is as small as possible. An
exemplary 3 segment trip is disclosed in FIG. 6 and discussed below. Those skilled in
the art will recognize however, through segments are discussed, the trip plan may
comprise a single segment representing the complete trip.

[0102] FIG. 4 depicts an exemplary embodiment of a fuel-use/travel time
curve. As mentioned previously, such a curve 50 is created when calculating an
optimal 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 detailed driving profile computed 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 constraints on speed between the segments, such as, but not limited
to, a change in a speed limit, they are matched up 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 must 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.

[0103] 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
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emissions at the required trip time. There are several ways in which to execute the
trip plan. As provided below in more detail, in an exemplary embodiment, when in a
coaching mode information is displayed to the operator for the operator to follow to
achieve the required power and speed determined according to the optimal trip plan.
In this mode, the operating information is suggested operating conditions that the
operator should use. In another exemplary embodiment, acceleration and
maintaining a constant speed are performed. However, when the train 31 must be
slowed, the operator is responsible for applying a braking system 52. In another
exemplary embodiment of the present invention commands for powering and braking
are provided as required to follow the desired speed-distance path.

[0104] Feedback control strategies are used to provide corrections to the
power control sequence in the profile to correct for such events as, but not limited to,
train load variations caused by fluctuating head winds and/or tail winds. Another
such error 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. A
third type of error may occur with information contained in the track database 36.
Another possible 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 regulation, 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 as used by those
skilled in the art of control system design to meet performance objectives.

[0105] Exemplary embodiments of the present invention allow the simplest
and therefore fastest means to accommodate changes in trip objectives, which is the
rule, rather than the exception in railroad operations. In an exemplary 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 remainder of the trip once the trip has begun,
a sub-optimal decomposition method is usable for finding an optimal trip profile.
Using modeling methods the 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 constraints when there are stops. Though the following
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discussion is directed towards optimizing fuel use, 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.

[0106] As discussed herein, exemplary embodiments of the present invention
may employ a setup as illustrated in the exemplary flow chart depicted in FIG. 5, and
as an exemplary 3 segment example depicted in detail in FIGS. 6. As illustrated, 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 use
natural or mission specific boundaries. Optimal trip plans are 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 an
exemplary 3 segment 200-mile (321.9 kilometers) trip 97. Further illustrated 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.

[0107] Using the optimal control setup described previously, 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 constraints
when there are stops. Though the following detailed discussion is directed towards
optimizing fuel use, it can also be applied to optimize other factors as discussed
herein, such as, but not limited to, emissions. A key flexibility is to accommodate
desired dwell time at stops and to consider constraints on earliest arrival and departure
at a location as may be required, for example, in single-track operations where the
time to be in or get by a siding is critical.

[0108] Exemplary embodiments of the present invention find a fuel-optimal
trip from distance Dy to Dy, traveled in time T, with M-1 intermediate stops at

Di,...,Dya, and with the arrival and departure times at these stops constrained by
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tmin (l) < tarr (Dz) < tma.x (l) - Atl
(D) +At, <t,, (D)<t 0O i=1..,M-1

tarr

where ¢, (D,), t

arr

iep(D;)» and At; are the arrival, departure, and minimum stop time
at the i stop, respectively. Assuming that fuel-optimality implies minimizing stop

time, therefore 7, (D,) =1, (D;)+ At, which eliminates the second inequality above.

Suppose for each i=1,...,M, the fuel-optimal trip from Dy, to D; for travel time t,

T.(@<t<T__(i),1is known. Let F,(¢) be the fuel-use corresponding to this trip. If

the travel time from D;.; to Dj is denoted Tj, then the arrival time at D; is given by:
i‘ Z‘a;’r(l)i):z:(jwj—i_Az‘j—l)
IE

where At is defined to be zero. The fuel-optimal trip from Dy to Dy for travel time T

is then obtained by finding Ti, i=1,...,M, which minimize:
M
11 Z F; (7—;) Tl’nin (l) S 7—'l S Tmax (l)
i=1
subject to:

i, £, (<D T, +A, )<t ()-At i=1.,M-1
j=

M
iv. DT, +At, )=T
j=l

[0109] Once a trip is underway, the issue is re-determining the fuel-optimal
solution for the remainder of a trip (originally from Dy to Dy in time T) as the trip is
traveled, but where disturbances preclude following the 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 of the trip be t... Then the fuel-optimal solution for
the remainder of the trip from x to Dy, which retains the original arrival time at Dy, 18
obtained by finding YN“Z T,,j=i+L..M, which minimize:

- M
L F(T,x,v)+ > F(T,)
j=itl
subject to:

11 Z‘rnin (Z) < Z‘act + ﬁ < Z‘rna.x (Z) - Atz
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- k
iii. )<ty +T,+ D (T, +At, )<t (K)—At, k=i+1,..,M~-1

J=i+l

Z‘rnin

_ M
iv. t+T,+ . (T, +At, )=T

J=i+l

Here, I;l (t,x,v) is the fuel-used of the optimal trip from x to Dj, traveled in time t,

with initial speed at x of v.

[0110] As discussed above, an exemplary way to enable more efficient 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, j=1,...,N,-1. Let Dig=Di.1 and D,, =D,. Then express the fuel-use for

the optimal trip from D;.; to D; as:

N;
1. Fz(t) = ny (tij _ti,j—l’vi,j—lavij
=1

where 1, (¢,v;; ,v;) 1s the fuel-use for the optimal trip from Djj.1 to Dy, traveled in

i,j-1°
time t, with initial and final speeds of vi;.; and vj;. Furthermore, t;; is the time in the

optimal trip corresponding to distance Dy. By definition, 7,, —¢#,, =7;. Since the

train is stopped at Dijyand D, , v, =v, =0.

[0111] The above expression enables the function Fj(t) to be alternatively

determined by first determining the functions f;;(-),1< j < N,, then finding

7;,1<j<N; and v;,1< j < N,, which minimize:

N;
i‘ F;(t) = Z,f;] (Tijavi,j—lavjj
j=1

subject to:
N;
i YT, =T,

. v (@, ) <v,<v__ (G, J) j=1..,N -1
min q max I

V. V=V = 0
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By choosing Dj; (e.g., at speed restrictions or meeting points), v_. (i, j) —v_, (@, j) can
be minimized, thus minimizing the domain over which £j;() needs to be known.

[0112] Based on the partitioning above, a simpler suboptimal 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 Dy, the new optimal trip from
Dj; to Dy can be determined by finding 7, j <Ak < N,,v,,j <k <N,, and

T, i<m<M,1<n<N_,v_ ,i<m<M,1<n<N,k, which minimize:

mn?

N; M N,
L Z f;'k (Tik ° Vi,k—l ° Vik ) + Z Z fmn (Tmn ° Vm,n—l ° an

k=j+1 m=i+1 n=1
subject to:
N;
11 tmin (l) S Z‘act + Zrik S Z‘rna.x (l) - Atl
k=j+1
N, 0
i, o, (<t + D+ DT, +At, )<t (m)—At, n=i+l.,M-1
k=j+1 m=i+1
N; M
V. g+ DT+ DT, AL ) =T
k=j+1 m=i+1
Where:

Nm
v. T, = Zrmn
n=1

[0113] 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

7,,]<k<N,v,,j<k<N,. Tiisincreased as needed to accommodate any longer

actual travel time from D;; to Djj than planned. This increase is later compensated, if

possible, by the re-computation of 7, ,i <m < M , at distance point D;.

[0114] With respect to the closed-loop configuration disclosed above, the total
input energy required to move a train 31 from point A to point B consists of the sum
of four components, specifically difference in kinetic energy between points A and B;
difference in potential energy between points A and B; energy loss due to friction and

other drag losses; and energy dissipated by the application of brakes. Assuming the
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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
suffices to minimize the sum of the last two components.

[0115] Following a constant speed profile minimizes drag loss. Following a
constant speed profile also minimizes 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 if the
additional brake loss is more than offset by the resultant decrease in drag loss caused
by braking, by reducing speed variation.

[0116] After completing a re-plan from the collection of events described
above, the 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.
Exemplary embodiments of the present invention accomplish this with an algorithm
referred to as “smart cruise control”. The smart cruise control algorithm 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 measurements of train motion as described
carlier.

[0117] The smart cruise control algorithm has three principal 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 minimizing speed variation and braking; and a mechanism for combining the
latter two components 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 in exemplary

embodiments of the present invention that do no active braking (i.e. the driver is
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signaled and assumed to provide the requisite braking) or a variant that does active
braking.

[0118] With respect to the cruise control algorithm that does not control
dynamic braking, the three exemplary 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 minimizing 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.

[0119] Also included in exemplary embodiments of the present invention is an
approach to identify key parameter values of the train 31. For example, with respect
to estimating train mass, a Kalman filter and a recursive least-squares approach may
be utilized to detect errors that may develop over time.

[0120] FIG. 7 depicts an exemplary flow chart of the present invention. As
discussed previously, a remote facility, such as a dispatch 60 can provide information.
As illustrated, such information is provided to an executive 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, estimated 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.

[0121] As discussed above, the driving advisor 51 can automatically 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. Towards this
end, the operator may limit a targeted or recommended 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 braking if the trip plan
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recommends slowing the train 31. For example, if operating in dark territory, or
where information from wayside equipment cannot electronically transmit
information 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 measurement 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.

[0122] 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/braking 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.

[0123] Exemplary embodiments of the present invention may also allow for
the use of continuously 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 locomotive 42 can further
optimize operating conditions, ¢.g., by minimizing auxiliary loads and power
transmission losses , and fine tuning engine horsepower regions of optimum
efficiency, or to points of increased emissions margins. Example include, but are not
limited to, minimizing 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 minimize auxiliary loads and power transmission losses to provide optimum

efficiency for the target fuel consumption/emissions. Examples include, but are not
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limited to, reducing a number of powered axles on flat terrain and pre-cooling the
locomotive engine prior to entering a tunnel.

[0124] Exemplary embodiments of the present invention 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, exemplary embodiments of the present invention
may incorporate train-handling rules, such as, but not limited to, tractive effort ramp
rates, maximum braking effort ramp rates. These may be incorporated 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.

[0125] In a preferred embodiment the present invention is only installed on a
lead locomotive of the train consist. Even though exemplary embodiments of the
present invention are not dependant on data or interactions with other locomotives, it
may be integrated with a consist manager, as disclosed in U.S. Patent No. 6,691,957
and U.S. Patent No. 7,021,588 ( owned by the Assignee and both incorporated by
reference), functionality 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 “independently optimized™ trains described
herein.

[0126] Trains with distributed power systems can be operated 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
distributed throughout the train can be operated at different motoring or braking
powers. For example, as a train crests a mountaintop, the lead locomotives (on the
down slope of mountain) may be placed in braking, while the locomotives in the
middle or at the end of the train (on the up slope of mountain) may be in motoring.
This is done to minimize tensile forces on the mechanical couplers that connect the
railcars and locomotives. Traditionally, operating the distributed power system 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
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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 automatically operate the
distributed power system in “independent” mode.

[0127] 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 as a distributed power control element. Thus 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 locomotive in the locomotive consist
operates at the same notch power. In an exemplary embodiment, with an exemplary
embodiment of the present invention installed on the train, preferably in
communication with the distributed power control element, when a notch power level
for a remote locomotive consist is desired as recommended by the optimized trip plan,
the exemplary embodiment of the present invention will communicate this power
setting to the remote locomotive consists for implementation. As discussed below,
the same is true regarding braking.

[0128] Exemplary embodiments of the present invention may be used with
consists in which the locomotives are not contiguous, ¢.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 locomotives 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 functions of remote locomotives in the consist via a control
system, such as a distributed power control element. In particular, 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.

[0129] In an exemplary embodiment, with an exemplary embodiment of the
present invention installed on the train, preferably in communication with the
distributed power control element, when a notch power level for a remote locomotive
consist is desired as recommended by the optimized trip plan, the exemplary

embodiment of the present invention will communicate this power setting to the
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remote locomotive consists for implementation. As discussed below, the same is true
regarding braking. When operating with distributed power, the optimization problem
previously described can be enhanced to allow additional degrees of freedom, in that
cach of the remote units can be independently controlled from the lead unit. The
value of this is that additional objectives or constraints 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 exemplary embodiments of the present invention
may include the use of multiple throttle controls to better manage in-train forces as
well as fuel consumption and emissions.

[0130] In a train utilizing a consist managert, the lead locomotive 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. Exemplary embodiments of the present invention may be
utilized in conjunction with the consist manager to command notch power settings for
the locomotives in the consist. Thus based on exemplary embodiments of the present
invention, since the consist manager divides a locomotive consist into two groups,
lead locomotive and trail units, the lead locomotive will be commanded to operate at a
certain notch power and the trail locomotives are commanded to operate at another
certain notch power. In an exemplary embodiment the distributed power control
element may be the system and/or apparatus where this operation is housed.

[0131] Likewise, when a consist optimizer is used with a locomotive consist,
exemplary embodiments of the present invention 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
locomotive 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 utilizing the
distributed control system.

[0132] Furthermore, as discussed previously, exemplary embodiment of the
present invention may be used for continuous corrections and re-planning with respect
to when the train consist uses braking based on upcoming items of interest, such as

but not limited to railroad crossings, grade changes, approaching sidings, approaching
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depot yards, and approaching fuel stations 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.

[0133] FIGS. 8, 9 and 10 depict exemplary 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 wayside 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 provided. 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. As discussed herein,
those skilled in the art will recognize that fuel saving is an exemplary example of only
one objective that can be reviewed with a management tool. Towards this end,
depending on the parameter being viewed, other parameters, discussed herein can be
viewed and evaluated with a management tool that is visible to the operator. The
operator is also provided information about how long the crew has been operating the
train. In exemplary embodiments time and distance information may either be
illustrated as the time and/or distance until a particular event and/or location or it may
provide a total elapsed time.

[0134] As illustrated in FIG. 9 an exemplary display provides information
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 exemplary embodiments of
the present invention.

[0135] FIG. 10 depicts another exemplary embodiment of the display. Data
typical of a modern locomotive including air-brake status 72, analog speedometer

with digital insert, or indicator, 74, and information about tractive effort in pounds
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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 supplement the readout in mph/minute. Important new data for optimal
plan execution is in the center of the screen, including a rolling strip graphic 76 with
optimal speed and notch setting versus distance compared to the current history of
these variables. In this exemplary embodiment, location of the train is derived using
the locator element. As illustrated, the location is provided by identifying how far the
train is away from its final destination, an absolute position, an initial destination, an
intermediate point, and/or an operator input.

[0136] 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 automatic control. As discussed herein, such as when in the coaching
mode, the operator can either follow the notch or speed suggested by exemplary
embodiments of the present invention. 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 utilized, 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.

[0137] Critical information on trip status is displayed on the screen, and shows
the current grade the train is encountering 88, either by the lead locomotive, a location
elsewhere along the train or an average over the train length. A distance traveled 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 possible 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).

[0138] 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. Towards this end, the information
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disclosed above could be intermixed to provide a display different than the ones
disclosed.

[0139] Other features that may be included in exemplary embodiments of the
present invention 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, system diagnostic issues such as if
GPS sensor is malfunctioning.

[0140] Since trip plans must also take into consideration allowable crew
operation time, exemplary embodiments of the present invention 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, exemplary embodiments of the
present invention may be overridden by the operator to meet criteria as determined by
the operator. Ultimately, regardless of the operating conditions 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.

[0141] Using exemplary embodiments of the present invention, the train may
operate in a plurality of operations. In one operational concept, an exemplary
embodiment of the present invention may provide commands for commanding
propulsion, dynamic braking. The operator then handles all other train functions. In
another operational concept, an exemplary embodiment of the present invention may
provide commands for commanding propulsion only. The operator then handles
dynamic braking and all other train functions. In yet another operational concept, an
exemplary embodiment of the present invention may provide commands for
commanding propulsion, dynamic braking and application of the airbrake. The
operator then handles all other train functions.

[0142] Exemplary embodiments of the present invention may also be used by

notify the operator of upcoming items of interest of actions to be taken. Specifically,
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the forecasting logic of exemplary embodiments of the present invention, the
continuous corrections and re-planning to the optimized trip plan, the track database,
the operator can be notified 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.

[0143] 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 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, notifying of “silent”
crossings that do not require the operator activate the locomotive horn or bell.

[0144] In another exemplary 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, exemplary embodiments of the present invention may present
the operator information (e.g. a gauge on display) that allows the operator to see 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).

[0145] FIG. 11 depicts an exemplary 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 cach respective track.
Though locomotive consists 42 are illustrated as part of the trains 235, 236, 237, those
skilled in the art will readily recognize that any train 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
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exemplary 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.
[0146] 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 a
mission 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 configure the train
locomotives. One such example is provided above with respect to using data from
another train. Another exemplary example entails using other data associated with
trip optimization 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.
[0147] FIG. 12 depicts an exemplary embodiment of a flowchart for
improving fuel efficiency and reducing emission output through optimized train
power makeup. As disclosed above to minimize fuel use and emissions while
preserving time arrival, in an exemplary embodiment acceleration and matched
breaking needs to be minimized. Undesired emissions may also be minimized by
powering a minimal set of locomotives. For example, in a train with several
locomotives or locomotive consists, powering a minimal 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, such as but not limited to catalytic
converters, located on the locomotives are at a temperature below which these
systems’ 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, such as but not
limited to catalytic converters, to operate at optimal temperatures thus further

reducing emissions.
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[0148] The flow chart 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 an exemplary 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 contained 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 exemplary
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 exemplary 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.

[0149] 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 satisfy the minimum
required power while yielding improved fuel efficiency and/or minimized emission
output, at 540. The locomotive may be selected based on a type of locomotive (based
on its engine) needed and/or a number of locomotives (based on a number 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.

[0150] Towards 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
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used includes, but not limited to, weather conditions, track conditions, etc. The
locomotive makeup may be based on types of locomotives needed, such as based on
power output, and/or a minimum number of locomotives needed. For example, based
on the available locomotives, a selection is made of those locomotives that just meet
the total power required. Towards this end, as an example, if ten locomotives are
available, a determination 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 distribution of power and type of power in the train
can be determined. 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 locomotive. 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.

[0151] In another exemplary embodiment, the selection of locomotives may
not be based solely on reducing a number of locomotives used in a train. For
example, if the total power requirement is minimally met by five of the available
locomotives when compared to also meeting the power requirement by the use of
three of the available locomotives, the five locomotives are used instead of the three.
In view of these options, those skilled in the art will readily recognize that 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 remaining locomotives are not used to power the train 235, 236, 237, as
discussed in further detail below.

[0152] While compiling the train 235, 236, 237, if the train 235, 236, 237
requires backup power, incremental locomotive 255, or locomotives, may be added.
However this additional locomotive 255 is isolated to minimize 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 minimize fuel use and having the locomotive available when needed.

In an exemplary embodiment, if a backup, or isolated, locomotive 255 is provided, its
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dimensions, such as weight, may be taken into consideration when determining the
train load.

[0153] Thus, as discussed above in more detail, determining 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.

[0154] In an exemplary 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, provided by the isolated
locomotive 255, is provided in case incremental power is needed to meet the trip
mission objective. Towards 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.

[0155] Thus in operation, the lead locomotive may put the locomotive 255
provided for incremental power into an isolate mode until the power is needed. This
may be accomplished by use of wired or wireless modems or communications from
the operator, usually on the lead locomotive, to the isolated locomotive 255. In
another exemplary embodiment the locomotives operate in a distributed power
configuration and the isolated locomotive 255 is already integrated in the distributed
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 appropriate mode.

[0156] In an exemplary embodiment the initial setup of the locomotives,
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
an exemplary illustration, consider a locomotive consist 42 of 3 locomotives 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 ‘3000HP’ reference locomotive;

hence, in this example the first locomotive has 3000 HP, the second 4500 HP and the
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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
arc off, for 1 the first locomotive is on and the second and third are off, etc. Ina
preferred embodiment the trip optimizer selects the maximum required load and
adjusts via notch calls while minimizing 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.

[0157] In another exemplary embodiment, an analysis may be performed to
determine a trade off between emission output and locomotive power settings to
maximize higher notch operation 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.

[0158] FIG. 13 depicts a block diagram of exemplary 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 provided.
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 stationary 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 determinator 570. A determination
is further made of a type of locomotive 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.

[0159] The trip mission time determinator 570 may segment 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

cach segment of the mission. As further discussed above, an additional locomotive
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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 providing 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.

[0160] 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 emissions from the exhaust after-treatment devices are optimized.

[0161] FIG. 14 depicts a block diagram of a transfer function 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, information pertaining to input energy
580 (such as but not limited to power, waste heat, etc.) and information about an after
treatment 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.

[0162] FIG. 15 depicts a an exemplary embodiment of a flow for determining
a configuration of a diesel powered system having at least one diesel-fucled power
generating unit. The flow chart 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
consumption and/or lower emissions for the diesel powered system, 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, 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.

[0163] FIG. 16 depicts an exemplary embodiment of a closed-loop system for
operating a rail vehicle. As illustrated, an optimizer 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
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(such as but not limited to applying 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 exemplary 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.

[0164] The optimizer 650 determines operating characteristics 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 determined
optimized value. The converter 652 is provided to convert the power, torque, speed,
emissions, initiate applying a friction modifying technique (such as but not limited to
applying 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 modifying (such as but not limited to applying sand), setup,
configurations etc., and/or control inputs is converted to an electrical signal.

[0165] 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 normally used by the
operator to command the locomotive, such as but not limited to power, horsepower,
tractive effort, implement a friction modifying technique (such as but not limited to
applying sand), braking (including at least one of dynamic braking, air brakes, hand
brakes, etc.), propulsion, etc. levels to the locomotive. Those skilled in the art will
readily recognize that 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.

[0166] Though FIG. 17 discloses a master controller, which is specific to a
locomotive. Those skilled in the art will recognize that in other applications, as

disclosed above, another device provides the function of the master controller as used
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in the locomotive. For example, an accelerator 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.

[0167] 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, those skilled
in the art readily recognize that the master controller similarly could use these devices
and 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.

[0168] FIG. 18 depicts an exemplary 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 converter 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.

[0169] In another exemplary embodiment the converter may command
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.

[0170] 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. Locomotive output information 654 is then provided to the optimizer 650,
usually through the rail vehicle 653, thus completing the closed loop system.

[0171] Figure 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 performance. The information is communicated to the operator 647,
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such as but not limited to, through a 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.

[0172] If the operator follows the plan, the optimizer continuously 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 duration 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 an exemplary 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.

[0173] FIG. 21 depicts an exemplary 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-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.

[0174] FIG. 22 depicts an exemplary 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
consist, at 664, is also disclosed. At least one operational condition 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
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operational condition is used to further optimize at least one of power level and torque
setting, at 668, is further disclosed.

[0175] As disclosed above, this flowchart 660 may be performed 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 computer on the rail vehicle so that
at least of the software modules may be loaded onto the rail vehicle for
implementation. Electronic media is not to be limiting since any of the computer
software modules may also be loaded through an electronic media transfer system,
including a wireless and/or wired transfer system, such as but not limited to using the
Internet to accomplish the installation.

[0176] Locomotives produce emission rates based on notch 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. Therefore, when emissions are mentioned herein, those skilled in the
art will readily recognize that exemplary embodiments of the invention 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.

[0177] 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 an exemplary embodiment, to minimize 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
output 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.

50



WO 2008/147668 PCT/US2008/063193

[0178] 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. Those skilled in the art will readily recognize that
embodiments of the invention are operatable when the locomotive is being operated
manually, and/or when operation is automatically performed, such as but not limited
to when controlled by an optimizer, and during low speed regulation.

[0179] In another exemplary embodiment 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
exemplary embodiment, 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 considered 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.

[0180] FIG. 23 depicts an embodiment of a speed versus time graph
comparing current operations to emissions optimized operation. The speed change
compared to desirable speed can be arbitrarily minimized. 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 deviations.

[0181] 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.

[0182] 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. Therefore 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
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over a period of time. By being providing emission data, the trip optimized described
herein compares the notch/power setting desired with emission output based on
notch/power settings and determines the notch/power cycle to meet the speed required
while minimizing emission 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.

[0183] FIG. 25 depicts an exemplary flowchart for determining a
configuration of a diesel powered system having at least one diesel-fueled power
generating unit. The flowchart 700 provides for determining a minimum power, or
power level, required from the diesel powered system in order to accomplish 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.

[0184] As disclosed, emission output data based on notch speed is provided to
the trip optimizer. If a 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 output, 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.

[0185] 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 that rail vehicles are not to exceed Notch 5,

the trip optimizer may determined that cycling between Notch 6 and 4 may be
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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.

[0186] FIG. 26 illustrates a system for minimizing emission output, noise
level, etc., from a diesel powered system having at least one diesel-fueled power
generating unit while maintaining 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.

[0187] FIG. 27 illustrates a system for minimizing 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 emission 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-fueled 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 proximate the power
level required while producing a lower emission 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. Towards 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.

[0188] Though the above examples illustrated cycling between two notch

levels to meet a third notch level, those skilled in the art will readily recognize that

53



WO 2008/147668 PCT/US2008/063193

more than two notch levels may be used when secking 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. Therefore, at a minimum, the desired notch level and
another notch level may be the two power levels that are alternated between.

[0189] FIG. 28 discloses an exemplary flowchart for operating a diesel
powered system having at least one diesel-fueled power generating unit. The mission
objective may include consideration of at least one of total emissions, maximum
emission, fuel consumption, speed, reliability, wear, forces, power, mission time, time
of arrival, time of intermediate points, and braking distance. Those skilled in the art
will readily recognize that 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
stationary power generating system. Therefore the mission objective is based on the
type of diesel powered system the flowchart 800 is utilized with.

[0190] The flow chart 800 discloses evaluating an operating characteristic of
the diesel powered system, at 802. The operating characteristic may include at least
one of emissions, speed, horse power, friction modifier, tractive effort, overall power
output, mission time, fuel consumption, energy storage, 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.

[0191] 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.
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[0192] Also disclosed in the flowchart 800 is comparing the operating
characteristic to a desired value to satisfy the mission 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 modules of locomotives where the design characteristics
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.

[0193] 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 modifier,
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
cither a part of the diesel powered system and/or a part of a consist, or at the sub-
consist level as disclosed above.

[0194] Adjusting the operating characteristic to correspond to the desired
value with a closed-loop control system that operates in a feedback process to satisfy
the mission objective, at 806, is further disclosed. The feedback process may include
feedback principals readily known to those skilled in the art. In general, but not to be
considered limiting, the feedback process receives information and makes
determinations based on the information received. The closed-loop approach allows
for the implementation of the flowchart 800 without outside interference. However, 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.

[0195] Fig. 29 discloses a block diagram of an exemplary 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
characteristic of the diesel powered system is disclosed. In an exemplary embodiment

a plurality of sensors 812 are provided to gather operating characteristics from a
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plurality of locations on the diesel powered system and/or a plurality of subsystems
within the diesel powered system. Those skilled in the art will also recognize the
sensor 812 may be an operation input device. Therefore the sensor 812 can gather
operating characteristics, or information, about emissions, speed, horse power, friction
modifier, 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. A processor 814 is in
communication with the sensor 812. A reference generating device 816 is provided
and is configured to identify the preferred operating characteristic. The reference
generating device 816 is in communication with the processor 814. When the term, in
communication, is used, those skilled in the art will readily recognize that 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.

[0196] An algorithm 818 is within the processor 814 that operates in a
feedback process that compares the operating characteristic to the preferred operating
characteristic to determine a desired operating characteristic. A converter 820, in
closed loop communication with the processor 814 and/or algorithm 818, is further
provided to implement the desired operating characteristic. The converter 820 may be
at least one of a master controller, a remote control controller, a distributed power
controller, and a trainline modem. More specifically, when the diesel powered system
is a locomotive system, the converter may be a remote control locomotive controller,
a distributed power locomotive controller, and a train line modem.

[0197] 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 to determine a desired operating
characteristic. As disclosed above, exemplary examples of an ambient condition
include, but are not limited to temperature and pressure.

[0198] Even as a mission plan is implemented, as disclosed above, updates to
the mission plan may be made. To insure an inordinate number of mission re-plan
attempts are not made, strategically discriminating between re-plan requests is
preferred. FIG. 30A and FIG. 30B disclose a flow chart illustrating an exemplary

embodiment for determining when to request a revised mission plan from a computer-
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readable instruction that when executed by the processor, such as but not limited to a
computer software code, causes the processor to generate a mission plan for a
powered system. The flow chart 400 discloses identifying whether at least one
revised mission plan request is a mandatory mission plan request, an optional mission
plan request, and/or a confirmation required mission plan request which may replace a
current mission plan, at 402. A request for the revised mission plan may occur, at
404. A number of times an optional replan request is requested may be limited to a
certain number of replans per some time period when there are multiple, or a plurality
of optional re-plan requests provided, at 406.

[0199] The terms mandatory optional as used herein with respect to a mission
replan request are not limiting terms. How a replan request is prioritized should still
be determined by whether it is appropriate based on other factors disclosed herein.
Mandatory and optional are terms used simply to provide a guideline with respect to
prioritizing. A mandatory mission plan request may include a request that has an
immediate effect as a function of time and/or location, provides for a significant
consequence and/or a significant payback to the mission, and/or may be implemented
when there is a plurality of less significant consequences bundled together. For
example, if there is a speed limit change that is immediate, this may be defined as a
mandatory mission plan request. However if the speed limit change is for a segment
of the mission that is still a distance away, such as several miles away, this may be
defined as an optional mission plan request. As the distance to implementing the
speed limit change approaches the request may become a mandatory mission plan
request. Whether a mission plan request is mandatory or optional may also be
determined based on a weighted factor or decision. For example, one weighted factor
may be based on available processor processing time. If processing time is available
then requests may be implemented more freely, such as immediately, than when
processing time is not available. Therefore those skilled in the art will recognize that
use of the terms mandatory and optional is only provided to assist in explaining when
a replan request may be implemented, but is not intended to limit and/or define
prioritizing of replan mission requests.

[0200] Limiting the number of times the optional mission plan requests may
be determined by a current capability to generate the revised mission plan wherein a
number of times a plurality of optional mission plan requests is based on at least one

powered system capability and/or at least one powered system limitation. This
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capability and/or limitation may include, but is not limited to the processor utilization,
processor capability, network utilization, network capability, the mode of the system,
etc. When an optimal mission plan is requested and is not allowed due to the
aforementioned timing restriction, it may be designated as pending.

[0201] The flowchart 400 further discloses determining a hierarchical order
of a plurality of revised mission plans requests, at 408. The hierarchical order may be
determined based on whether the revised mission plan request in a plurality of revised
mission plan requests is a mandatory mission plan request, an optional mission plan
request, and/or a confirmation required mission plan request. In this situation the
mandatory mission plan request has priority. The hierarchical order may also be
determined by the revised mission plan parameter being an upper threshold level
different than a past mission plan parameter. This would cause the mission plan
request category to change from an optional mission plan request to a mandatory
mission plan request. The priority may further include determination of time of
execution on the processor as well as pre-empting past mission plan requests if one or
more revised mission plans are still in the progress of being calculated.

[0202] Also disclosed in the flow chart 400 is comparing the mandatory
mission plan request to the optional mission plan request, at 410. A determination is
made whether the mandatory mission plan request and the optional mission plan
request may be combined, at 412. The new mandatory mission plan request
parameters and a pending optional mission plan request parameters may be combined
so that the mandatory mission plan request parameters have precedence, at 414. An
optional mission plan generation in progress may be preempted to implement a more
recent mandatory mission plan request, at 414.

[0203] The mandatory plan request may be generated as a result of a change
with a powered system operating environment, powered system network environment,
at least one operator request, at least one control system request, at least one remote
facility request, destination arrival time, trip characteristics modification, and/or at
least one platform emission requirement. The mandatory plan request may also be
implemented by the operator and/or a remote monitoring facility, where the term
remote monitoring facility may include any entity that is remote from the powered
system, such as but not limited to an off-board operator. For example, determining the

type of revised mission plan request may be accomplished by determining whether a
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parameter input is an operator parameter input and/or a remote monitoring facility
parameter input.

[0204] The optional plan request may be generated as a result of a change
with a power system operating parameter, an estimated operating parameter,
operational condition, operational environment, power system health, at least one
power system capability, and/or a power system configuration. An operator and/or an
off-board operator, such as but not limited to a remote monitoring facility may request
the optional plan request. Other changes that may occur to effect whether to
implement the optional plan request include whether computer processing time is
available, long term schedule changes, such as but not limited to arrival time changed
such as via the operator and/or the remote monitoring facility, a current operation
parameter such as but not limited to current fuel consumption, a change in time
constraints such as but not limited to excess or deficient slack-time, estimated tons per
operative brake (TPOB) available, etc.

[0205] Additionally the plan request may be generated as a result of a network
change. This may occur where the power system is part of an overall network of
power system changes occurring with a network configuration, a network utilization,
and/or a network prioritization.

[0206] Identifying whether a revised mission plan request is issued may be
accomplished by determining a threshold level, a level of confidence, a confidence
level threshold, a difference between a current confidence level and a best confidence
level determined during a current mission, a confidence trend, and an interval between
one parameter of a last mission plan and/or at least one current input parameter to
determine whether to issue a optional mission plan request. With respect to a train,
these input parameters may include but are not limited to train parameters, locomotive
parameters, track parameters, trip parameters and may come from an onboard system
or algorithm, operator input via switches and/or screen input, or from a remote facility
via wired or wireless communication.

[0207] The flow chart 400 further discloses setting an absolute limit as to a
number of optional mission plan requests per a time period, such as but not limited to
a mission duration, may be accomplished, at 416. This limit may be used to
determine a limiting threshold, level of confidence, and/or an interval between
optional mission plan requests. An optional mission plan request may be prohibited

during a designated part of a mission and/or during a mission planning stage, at 418.
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[0208] A determination is made whether a failure to receive the requested
optional mission plan and/or the requested mandatory mission plan may be
determined, at 420. Failure to receive the requested optional mission plan provided
may result in a current mission plan being used until a second optional and/or
mandatory mission plan is received. However, with respect to the mandatory mission
plan request, failure to receive the requested mandatory mission plan provided may
prohibit use of a current mission plan until a second optional and/or mandatory
mission plan is received.

[0209] The flow chart 400 further illustrates reporting the revised mission plan
request to an operator of the powered system and/or a remote monitoring facility, at
422. An interface may be provided to allow the operator and/or the remote
monitoring facility an ability to accept the revised mission plan request, at 424 when
the mission plan request is further classified as confirmation required. This category
includes mission plan requests that are due to critical parameters being updated that
an operator needs to confirm, which may be referred to as a confirmation required
mission plan request. These critical parameters could include but are not limited to a
change to a physical characteristic of the powered system such as but not limited to a
train length when the powered system is a train, trip definition modifications, any
parameter with a threshold level of difference from any past mission plan. Those
skilled in the art will recognize that to determine whether a change in threshold level
occurs may require comparing the existing mission and revised mission plan requests
to prior mission plans. Therefore a database containing information about prior
mission plans is provided.

[0210] Additionally, braking ability, such as but not limited to braking with
air brakes may be determined and information regarding braking may be included
when identifying whether the revised mission plan request is the mandatory mission
plan request, the optional mission plan request, and/or the confirmation required
mission plan request. Those skilled in the art will recognize that other powered
system parameters may be considered when determining the mission plan request
type.

[0211] Additionally, revised mission plan requests may be based on a periodic
schedule using best known information at the time of the request. Furthermore
revised mission plan requests may be based on CPU utilization. If the CPU has free

time or low priority tasks a revised mission plan could be requested using the best
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known information at the time of the request. In an exemplary embodiment CPU
utilization decisions are only considered with respect to the optional mission plan
request.

[0212] Additionally, revised mission plan requests may be based on changes
to current schedule or number of stops as dictated by a train control system or a
remote facility. Furthermore, revised mission plan requests may be as a result of train
control system or remote facility request, such as changes in schedule, characteristics
of the powered system, route characteristics, operating condition, network capacity,
fuel consumption, or emissions generation.

[0213] FIG. 31A and FIG. 31B disclose a flow chart illustrating an exemplary
embodiment for determining a necessity of a revised mission plan request. The
process flow 450 discloses receiving an input request, at 452, from at least one of a
plurality of locations. Identifying the necessity of the revised mission plan request is
initiated, at 454. A determination is made regarding a type of request, at 456. For the
optional mission plan request 455 a determination is made regarding whether an
absolute limit is met, at 458. If the absolute limit is exceeded then the plan is
redefined as a mandatory mission plan 459.

[0214] If the determination is that the at least one absolute limit has not been
breached, then a determination is made, at 460, whether to combine an optional replan
request with a mandatory replan request. If a combination does occur, a
determination is made whether a replan is currently being performed, or is active, at
462. If a replan is currently being performed, a determination is made whether to
preempt the current replan activity, at 464. If the current request is preempted, a
decision is required regarding whether to accept the current replan request or
determining whether feedback is required, at 468 after the current request is cancelled,
at 469. If a response is no, then the request is sent, at 470, and then a determination is
made regarding whether the new mandatory plan is received, at 472. If a new plan has
been received then no further action is required for this determination. If the
determination is no, the decision is to again identify the necessity of a revised mission
plan request, at 454. If the response is yes, at 468, a request for acceptance or
feedback is sent, at 474.  If the send request is accepted, at 476, a request for a
replan with the best known data available occurs, at 478. A determination regarding

a new optional plan is sought, at 480. If a new plan has been received then no further
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action is required for this determination If the determination is no, the decision is to
again identify the necessity of a revised mission plan request, at 454.

[0215] When the decision is to determine whether a replan is active, at 462 is
no, the next decision is to determine whether acceptance or feedback is required, at
468. If a combination does not occur at 460 the replan request is an optional replan
request, the next decision is to determine whether a replan is active, at 482. If the
decision is yes, then optional replan will be prohibited until no replan is active. If the
decision is no, then a decision regarding whether the optional replan request is limited
is made, at 486. If limited, then subsequent determinations of if replan request is
limited until, replan request is no longer limited at 486. If the optional replan request
is not limited then a determination is made whether acceptance or feedback is
required, at 488. If no acceptance or feedback is required then the request replan with
best known data available is used, at 478. If acceptance or feedback is required, then
a request for acceptance or feedback, at 474 is made.

[0216] While exemplary embodiment of the invention has been described with
reference to an exemplary embodiment, it will be understood by those skilled in the
art that various changes, omissions and/or additions may be made and equivalents
may be substituted for elements thereof without departing from the spirit and scope of
the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
scope thereof. Therefore, it is intended that the invention not be limited to the
particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope
of the appended claims. Moreover, unless specifically stated any use of the terms
first, second, etc. do not denote any order or importance, but rather the terms first,

second, etc. are used to distinguish one element from another.
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WHAT IS CLAIMED IS:
1. A method for determining when to request a revised mission plan from
a computer-readable instruction that when executed by a processor cause the
processor to generate a mission plan for a powered system, the method comprising:
identifying whether a mission plan request is at least one of a mandatory
mission plan request, an optional mission plan request, and a confirmation required

mission plan request which may replace a current mission plan.

2. The method according to claim 1, further comprises requesting the

revised mission plan.

3. The method according to claim 1, further comprises limiting a number of

times the optional replan request is issued.

4. The method according to claim 3, wherein limiting the number of
times the optional mission plan request is issued is determined by a current capability

to generate a revised mission plan.

5. The method according to claim 3, wherein the number of times the
optional mission plan request is issued is determined by at least one of a powered

system capability and at least one powered system limitation.

6. The method according to claim 1, further comprises determining a

hierarchical order of a plurality of revised mission plans requests.

7. The method according to claim 6, wherein the hierarchical order is
determined by whether at least one revised mission plan request in the plurality of
revised mission plan requests is at least one of the mandatory mission plan request,
the optional mission plan request, and the confirmation required mission plan request

wherein the mandatory mission plan request has priority.

8. The method according to claim 1, further comprising:
comparing the mandatory mission plan request to the optional mission plan

request that is pending;
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determining whether parameters of the mandatory mission plan request and
parameters of the optional mission plan request may be combined; and

at least one of combining the mandatory mission plan request and the optional
mission plan request when appropriate and preempting a pending mission plan
generation in progress when a necessity to implement the mandatory mission plan

request is determined.

9. The method according to claim 1, wherein the mandatory mission plan
request is generated as a result of a change with at least one of a powered system
operating environment, powered system network environment, an operator request, at
least one control system request, destination arrival time, a remote monitoring facility
request, at least one trip characteristic modification, and at least one platform

emission requirement.

10. The method according to claim 1, wherein at least one optional plan
request is generated as a result of a change with at least one of a power system
operating parameter, an estimated operating parameter, operational condition,
operational environment, power system health, at least one power system capability,
power system configuration, processing ability of a processor, a current operation
parameter, an operator request, a remote monitoring facility request, and a change in a

time constraint.

11. The method according to claim 1, wherein at least one optional plan
request is generated as a result of a network change when the powered system is a part
of a network wherein the network change comprises at least one of a network
configuration change, a network utilization change, and a network prioritization

change.

12. The method according to claim 1, wherein the confirmation required
mission plan request comprises at least one of a mandatory mission plan request and
an optional mission plan request that is requested due to a change to a critical

parameter.
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13. The method according to claim 12, wherein the critical parameter
comprises at least one of a physical change to a powered system, modification to a
mission definition, a parameter with a threshold level different from a previous

mission plan.

14. The method according to claim 1, wherein at least one of the plan
request is generated as a result of at least one network change wherein a power system
is a part of an overall network of power system changes to at least one of network

configuration, utilization, and prioritization.

15. The method according to claim 1, wherein identifying whether the
revised mission plan request is issued further comprises determining at least one of a
threshold level, a level of confidence, a difference between a current confidence level
and a best confidence level determined during a current mission, a confidence trend,
and an interval between at least one parameter of a last optional mission plan and at
least one current input parameter to determine whether to implement the optional

mission plan request.

16. The method according to claim 6, wherein the hierarchical order is
determined by whether the revised mission plan request in a plurality of revised
mission plan requests is one of a threshold level that is at least one of an optional
mission plan which changed from an optional mission plan request to a mandatory

mission plan request.

17. The method according to claim 1, further comprises setting at least one
limit on a number of optional plan requests per a time period in order to determine at
least one of a limiting threshold, level of confidence, and interval between optional

plan requests.
18. The method according to claim 1, further comprises prohibiting a

optional mission plan request during at least one of a designated part of a mission and

a mission planning stage.
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19. The method according to claim 1, further comprises determining
whether a failure to receive at least one of the optional mission plan request and the

mandatory mission plan request occurs.

20. The method according to claim 19, wherein failure to receive the
optional mission plan request provided results in a current mission plan being used
until at least one of a new optional mission plan request a new mandatory mission

plan request is received.

21. The method according to claim 19, wherein failure to receive the
mandatory mission plan request provided prohibits use of a current mission plan until

at least a new mandatory request and a new optional mission plan request is received.

22. The method according to claim 1, further comprises reporting the
revised mission plan request to at least one of an operator of the powered system and

a remote monitoring facility.

23. The method according to claim 1, further comprises providing an
interface to allow at least one of an operator and a remote monitoring facility to at
least one of accept the revised mission plan request and issue the revised mission plan

request.

24. The method according to claim 1, wherein identifying whether at least
one revised mission plan request is at least one of the mandatory mission plan request,
the optional mission plan request, and the confirmation required mission plan request
further comprises determining braking ability when identifying a type of revised

mission plan request.

25. The method according to claim 1, wherein identifying whether at least
one revised mission plan request is at least one of the mandatory mission plan request,
the optional mission plan request, and the confirmation required mission plan request
further comprises determining a type of revised mission plan request by determining
whether a parameter input is at least one of an operator parameter input and a remote

monitoring facility parameter input.

66



WO 2008/147668 PCT/US2008/063193

26. The method according to claim 1, wherein the powered system
comprises a railway transportation system having a power generating unit that

comprises at least one locomotive.

217. The method according to claim 1, wherein the powered system

comprises a marine vessel having a power generating unit.

28. The method according to claim 1, wherein the powered system

comprises an off-highway vehicle having a power generating unit.

29. The method according to claim 1, wherein the powered system

comprises a stationary power generating station having a power generating unit.

30.  The method according to claim 1, wherein the powered system
comprises a network of stationary power generating stations having a power

generating unit.

31. The method according to claim 1, wherein the powered system
comprises at least one of a transportation vehicle and an agricultural vehicle having a

power generating unit.

32. A computer software code operable within a processor and configured
to reside on a computer readable media for determining when to request a revised
mission plan from a computer-readable instruction that when executed by the
processor cause the processor to generate a mission plan for a powered system, the
computer software code comprising:

computer software module for identifying whether at least one revised mission
plan request is at least one of a mandatory mission plan request, an optional mission
plan request, and a confirmation required mission plan request which may replace a

current mission plan.

33.  The computer software code according to claim 32, further comprises a

computer software module for requesting the revised mission plan.
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34.  The computer software code according to claim 32, further comprises a
computer software module for limiting a number of times the optional replan request

18 issued.

35.  The computer software code according to claim 32, further comprises a
computer software module for determining a hierarchical order of a plurality of

revised mission plans requests.

36. The computer software code according to claim 32, further comprising;:

computer software module for comparing the mandatory mission plan request
to the optional mission plan request that is pending;

computer software module for determining whether parameters of the
mandatory mission plan request and parameters of the optional mission plan request
may be combined; and

computer software module for at least one of combining the mandatory
mission plan request and the optional mission plan request when appropriate and
preempting a pending mission plan generation in progress when a necessity to

implement the mandatory mission plan request is determined.

37.  The computer software code according to claim 36, further comprises a
computer software module for prohibiting an optional mission plan request during at

least one of a designated part of a mission and a mission planning activity.

38.  The computer software code according to claim 36, further comprises a
computer software module for allowing at least one of the operator and the remote

monitoring facility an ability to accept the revised mission plan request.

39.  The computer software code according to claim 36 further comprises a
computer software module for providing the revised mission plan request to a remote

facility.

40.  The computer software code according to claim 32, further comprises a
computer software module for determining whether a failure to receive at least one of

a first requested optional mission plan and a first mandatory mission plan occurs.

68



WO 2008/147668 PCT/US2008/063193

1/22
/10
Dispatch
Instructions .
Schedule Changes Future Speed Limit Changes
/12
Single—segment | Make Plan | Optimizer for Fuel,
26 Multi-segment | Start Journey| ~ Emissions, TE
Adjust Re—Plan
Plan
Generate 14 24~
Power
Command

16 Auto/Manual
Follow Power | Optional: Power Limited
Command by Driver amd Driver
: Controlled Braking

Get Actual |—18
Speed Power

and Position
l
25 ~N
Compare Estimate |—20
Projected Train/Loco
Arrival Times Parameters
to Planned
Compare |—22
Schedule Estimates
Delta to Assumed
Parameters Parameters
Delta Delta

FIG. 1



PCT/US2008/063193

WO 2008/147668

2/22

o_c_oi

_ ¢ 9Id

Em:_ 19N

H.m.‘__ﬁ.._

|

vomam

)

apDJY

awi

YO1oN

[

N

[9000

-—[E

T\

HOY4
bujoig

/anyDi|

<—e— [1 0] 52wy sa yojou

!

N

A
[ \/
||
I I
[*a a]sip Jwi paadsS <€
N
_ [\ 'A]5poads
i o K
< ._. jan

=

du|
|

uIDJ|
1

aJnoy  1sisuo)
| J

|
Jads




WO 2008/147668 PCT/US2008/063193
3/22

y o 40
) () ()

/ ™
99, s
. N
)
e \]
S N
Te}
7 J
¢ E—
4
. I 4 N
$ R OIE
/1 ]<
< O
It
(e}
N

41\

33—



WO 2008/147668

| 1st Segment | 2nd Segment |

Fuel Used (Ib)

8000

PCT/US2008/063193
4/22

% O SetSpeed=25
- + SetSpeed=30
7500 >0 % SetSpeed=35
_ O SetSpeed=40
7000 ¢ SetSpeed=45
Vv SetSpeed=50
6500 A SetSpeed=55
< SetSpeed=60
6000 D> SetSpeed=65
¢ SetSpeed=70
55001 * Driver
5000 _—s3
4500 /4 9
4000 | T | T ) T T T |
25 3 35 4 45 5 55 6 65 7

Travel Time (hr)

FIG. 4

((M=1)th Segment| Mth Segment |

| I I
Departure ﬂ Arrival
Fi Fa FM-1 FM
B 3 Fuel vs. Trip g 9
> > Time Curves 3 >
3 S > 3 s 3
<Trovel Time Trave! Time Travel Time Travel Time
49
53

FIG. 5



PCT/US2008/063193

9 914

(4y) awny [anos]
sz z ‘1 Sl Ly £l go

5/22

| ] — €1 ¢¢ ¢
_ LN
o
///_/ ! sow| juswbag
I >~ | 1o} 3Aj0S
//// “ ///."
/// _ /
Lo AN “ (lw) s2upysig 86
mwcwﬁmmmwﬂm /fA\.\\-oooe 00z 08L 09L OvL OZL 0DL 08 09 O 0F
| juswbag — —

WO 2008/147668

00S
mm\

(%) aposg

00Z 08L 091 Ovl 0ZL 00L 08 09 OF O

RN W

L6

(ydw) pwn paads



PCT/US2008/063193

WO 2008/147668

6/22

L OIA 10)0WINS]
79— @0y [ong $3|qD] 9}y |an4
SJUSWIAINSDA [N
0¢ uIDJ] |oNoy
S}9414 89
pappow—un< ] [.S49 0307 pUDS
sofpig | o— /Jeund <> fpjdsig
[A4 WIN L___ _ ] 043u09) Ha
[onupp /ony \
69
10SIApY
| v__on_\c:mg w_ bumig |~ 1S
[900Y
paadg smpjS bunip.g uD|g
uonIso HO}3 2ARODI| gy du)
& uoid isnfpy | Jsuupid 9SDQD30(
10j0Whs3 uo|d YO Juawbag
$J9)oWDID : <
uina| Jwr pasdg ‘apoig 93dg 9¢
=9 7 SSp9mI0 9AN23X]
9¢—1 0L | ywn peadg ‘eppig r———
sjuaroyjeoy) boug ‘yybiag s 7 0007
¢9 \_/ A\ cg

yojodsiq ~_ 09




PCT/US2008/063193

WO 2008/147668

7/22

Lei~ 12l & OId
| \
nuaj &= = do1S TS EIN) dnyag oIS
IO QW[ [PAUIY | Wi oAy [[pubig ¥opa) Jjoubis yops) |oubis ¥opap | soubysig 30UD)siq
|0JJu0) sabossa Jamog |pubig unJ| ao.g
SONS | “poadg | oyiedp | paynquisig | qog o’ pu3 Iy
OIO.vO,v %UOOW_
¢l
00:60:L0 00-2¢:90 00:€0:90 .
us.Ln st e | I I Lo
cz| —— GL$ aun) Sy § > _ Emﬂam
00g$ wa)shg 2 | I
Juawabouppy awi| DALY N | |
||||||||||||||||||||||| ”ﬂu
0zZ1 11890 Gl uonoulsa( I IS ™ N N o | L Q01
rAHNIHN) cy Z “Hpwpun d.l .“. 1“. |_ﬂ apiskop % mz_:o
[ASTAR 4 [ YiDowpup] ="\ T L =
Sl I\Hmm 10:0 70 8bubyy ywn peads | | 10 J | /01
L —T 1o &) L S i g |.F|-iﬂ|||_&&o\
WW W 100 60 buissol?) ﬁ | ¢l
TEl 25UD}S Uah] o 1S e GOl
<._.m : w _D # m u Z .l_l .I_l .|_| ..I_| I_IWEU mn—ll_”' — @O F
” "N 00D Gl:60:, w sadxe 7ol mauy | £901 £Go1 &40l eeoL g £201 1ot
_Imz ._.E»wm_mcmvz -poa] C1'8 ® 6201 AN ® Apusun) “m—J UOISINPGNS MN
¢ON v;.._ 06 06
_n_gE |__| amon |__L=v_ teml_ se%m 0 mdw _lzc —Lsxl L uop— L g —
5002 1By X [N 06
_l 1 I__l souD}sIg I_ _ltﬁ ) _._n_z ﬁn dg - g3 =

[0Jjuo) esini) UowS 39

ww\

/(o:



PCT/US2008/063193

WO 2008/147668

8/22

wm,_,d

6 Ol

cL

\ \
a3 Haoaac._. SI3pi0) MOIS ,Q_._._. AH_ _HV
91q0siQ 1p3 upjd—oy ALY APy | 8ALly AbjaQ
0-0t0 Appay
¢
- o _u®>om _wzh_
| | paadg G061 2581 0Bl :own]  Sewi|
I | WINWIXDR up|d JuaLn) wnwiuy -y WY
5 Y [ozs 00¢ 0]
“ _ _ o _ \ UD|4 Juainy uo aulpspg uo sbuiapg [ony4 pajosloly
|||||||||| nlllloﬂ I o8l 9Zly uoruNsa(
| | onisk
piskop % amng
SR NI
i _ || O 5780 7901 ipubis
[ _ 1280 G'GOL annY
1 £180 6701 ¢ Yowpuo]
V13 150daji JUaA3 PN
apoig
g0l T TR = R 1 A
V €0 1A MD SVd H NIVHL UOSINPGNS MN S8 W, 1280 © G901 AN © Mpueun
P # ON ON # 89 .
L J9Si0A0Y apoty; — L yebuiny qiy uoy3— O G‘v

3PON ONDWIOINY
L smpig omjouy) pows

IN dpoag N cpoat || Moy

Jsisuo) ——  HdW

uojd buimojjo4 apop onpwony — josuon du) SAOW020T 39

wm.\

>

shoy

RN

Juawabouoy
aWI| DALY
~pel

[4] owdoig

uonoNyS

®

[1] swan3
~~zol

D}DQ
18ISu0)
05|



PCT/US2008/063193

9/22

0t 9OId

WO 2008/147668

xg | xp | xg | x1 du] MDysay upo|day ajqou3 asnod 3D 8|bboy ulpJf MIbd
_r Xg nv 140 f buifo|d |[DNUDW Buiuunu
%90qAD|d lupiday oyny-d L uonojnuig - L spow 13n - Lapopy uny -
—8
169 T16T°S 00z —, ﬁizg _r ; ﬁ l_
L_ton4 foid—! L pAuy foiq— L uonpbupseq— S u_Ej UEO Sac_ 9/
—s % ¥ & VAL B
. . . . 14
12:00:0— || 1z:00:0— €S e =
6 Luojdey oyjag- - upld pyeg—- L-jeny oyeq— |3z -m
L \\I/'\\ﬂ,
¥1:8¢:/ Z1'62'G 00¢ —0 ('w)30NVISIQ SA HOLON
oAy xopy~ L-pALay foig- L—doyg yxaN—- —i-
— - —C¢~ 9, ot v €L T 1L oL 69
26 —H AN S AN 414 OL 1L IMl ' ! ! ; ! ! ; —0 9/
L pasn jond— L— swny — j—aoupysig — — H \\l
06 \ |Ml -_— T T LS
m___m___ﬂ___n_u________m____n_ %10 L
a8 _ oppiy —) 8- (1w)3ONVLSIA SA (4dw)a3ads
7! 1_ 7! I; ﬂ! pM4 ydw 0z LW Q33dS 10195 49N 5
m_zol_;.r qIx ‘_otu 188J3A9y —! _ 230y L og —
gL 6 £ 9 6 2l 0z
Co S T e e e e 8148 z _ _ _ — 89
0f S 0Z L OL S O wmu|m_|oulmwlonl OlLF 08
_________________________ 3 D_ _ _ _ —dg —
Z ﬂu 0C1 OLL OOl 06 08 OL 09 0S OF
Om, & V _ _ _ _ _ _
0 OL"1L = _ oLl
ON ppoy aouDbisIq :_z\caz — 43 —
/
—X =)= \ ows(q uonp|nwig — Jaziwndg dug

—h.\



PCT/US2008/063193
10/22

WO 2008/147668

NI |
O=ONNO=ONO=ONNO=ONIO=ONMIO=O—Al0=ONIO=0== 10 =O NN O= 0=/ N\ N
T "

ssz - zv—" o -

V Juswbag g juawbag

Svz—| ~—0t¢




WO 2008/147668

11/22

500
~.

PCT/US2008/063193

910 —

determining a requirement load

920 —

identifying @ mission time and duration
for the diesel power system:

530 —

determining @ minimum total amount of power
required based on the load requirement

940 —

selecting a power generating unit to satisfy

the minimum required power while yielding

at least one of improved fuel efficiency and
minimized emission output

FIG. 12

Estimator

Train Load | =60

Trip Mission Time
Determinator

570

Processor

| — 245
FIG.

13



WO 2008/147668 ' PCT/US2008/063193
12/22

/ 580 S 587

Input energy
(power, waste heat)

Fuel efficiency

590
/ 583 Vs

After treatment Emission output

FIG. 14

determining a minimum power required from the diesel

605 — powered system in order to accomplish a specified mission

determining an operating condition of the diesel—fueled

610—  power generating unit such that the minimum power

requirement is satisfied while yielding at least one

of lower fuel consumption and lower emissions for
the diesel powered system

FIG. 15



WO 2008/147668 PCT/US2008/063193
13/22

/657
/650 /652 /653
. Rail
Optimizer Converter — Vehicle
656/
Speed,
Emissions, |—6%4
TE, HP,
Sand, etc.
FIG. 16
/657
/650 /652 655 /653
. Rail
Optimizer Converter 1 Vehicle
649 651 656 j|\
/ Speed
5| Master Emissions. 654
Operator Controller TE, HP, ’
Sand, etc.

FIG. 17



WO 2008/147668 PCT/US2008/063193
14/22
/657
/650 | /652 655 /653
. Rail
Optimizer Converter | |/—%T| Vehicle
656/ /|\
659 Speed,
D'str'buted/ Emissions, [ —094
IStri TE, HP,
Power Sand, etc.
655 —TF—>{ Controller
Operator,
661~ Trqin Lines,
Loco Controller FIG. 18
/657
/650 /652 655 /653
- Rail
Optimizer Converter | I;T' Vehicle
656/ /I\
Speed,
yd 651 Emissions, —654
Master TE, HP,
Controller Sand, etc.

FIG.

19



WO 2008/147668 PCT/US2008/063193
15/22
- 650 . 649 547 e 651 s 653J
-~ HMI ] | Master Rail
Optimizer Display [ > Operator ==>1 i oller Vehicle
i )
L -
Speed,
654 — Emissions,
TE, HP, |
Sand, etc.
FIG. 20
«— 320
evaluating an operating characteristic of the at | ~ 322

least one power generating unit

value related to a mission objective

comparing the operating characteristic to a desired | - 324

autonomously adjusting the operating characteristic | - 326
in order to satisfy a mission objective

FIG. 21



WO 2008/147668 PCT/US2008/063193
16/22

-~ 660 .
d

determining at least one of an optimized setting for the
diesel—-fueled power generating unit

/664

converting at least one optimized setting to a recognizable
input signal for the diesel~fueled power generating unit

/667

determining at least one operational condition of the diesel-powered
system when at least one optimized setting is applied

/668

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 optimize at least one setting.

FIG. 22

9
//

e

Current

— Operation =
. i

Z

Speed

Emissions
74 Optimized
S Operation

Time

FIG. 23



WO 2008/147668 PCT/US2008/063193

17/22
. J
Y
FIG. 24

700
[‘
/702

determining a power level required from the diesel powered
system in order to accomplish a specified mission,

/704

determining an emission output based on the
power level required; and

/706

using at least one other power level that results
in a lower emission output wherein the overall
resulting power level is proximate power level required.

FIG. 25

v 722

Determination | __ 727
Device

725 —  Processor

Power Level | 729
Controller |

FIG. 26



WO 2008/147668 PCT/US2008/063193
18/22
v 730
725 —|  Processor Determination | 727
Device
Emission
Comparison — 731
Device FIG. 27
[800
evaluating an operating characteristic of the 802
diesel powered system
comparing the operating characteristic to a desired 804

value to satisfy a mission objective

adjusting the operating characteristic to correspond to the
desired value with a closed—loop control system that operates |— 806
on a feedback principle to satisfy the mission objective

FIG. 28
810
814 ~ L~ 818 s 820
Processor | Algorithm Converter
812 ~ s 821
Reference Second
Sensor Genergtmg Sensor
Device
\ 816 FIG. 29



WO 2008/147668 PCT/US2008/063193

19/22

400 ~

identifying whether a mission plan request is at least one of @
mandatory mission plan request, an optional mission plan request,
and a confirmation required mission plan request which may replace
a current mission plan

— 402

requesting the revised mission plan

L 404

limiting a number of times the optional replan request is issued

L 406

determining a hierarchical order of a plurality of revised
mission plans requests

— 408

comparing the mandatory mission plan request to the
optional mission plan request that is pending

— 410

determining whether parameters of the mandatory mission plan request
and parameters of the optional mission plan request may be combined

— 412

at least one of combining the mandatory mission plan request and

the optional mission plan request when appropriate and preempting
a pending mission plan generation in progress when a necessity
to implement the mandatory mission plan request is determined

414

setting at least one limit on a number of optional plan requests per a
time period in order to determine at least one of a limiting threshold,
level of confidence, and interval between optional plan requests

416

®

FIG. 304



WO 2008/147668 PCT/US2008/063193

20/22

?

prohibiting an optional mission plan request during at least one of
a designated part of a mission and a mission planning stage

— 418

determining whether a failure to receive at least one of the
optional mission plan request and the mandatory
mission plan request occurs

— 420

reporting the revised mission plan request to at least one of an
operator of the powered system and a remote monitoring facility

— 422

providing an interface to allow at least one of an operator and
a remote monitoring facility to at least one of accept the revised
mission plan request and issue the revised mission plan request

424

FIG. 30B



WO 2008/147668

450 ~

21/22

PCT/US2008/063193

452 —

Input Request, Train Control System, Operator,

Off—Board, On-

Board Algorithm

454 —

Identify Necessity of Revised
Mission Plan Request

459 ~

Mandatory

468

Acceptance
or Feedback
Required

Yes

g Prohibit Use of Current Plan Until New Plan Arrives
|®)
/

Send
Request

472

New
Mandatory
Plan
Received

Yy _ 1

&

J

456 /-455

Optional

4

No (Optional)

Continue with Current Plan Until New Plan Arrive

462

Yes

Replan
Active

Replan
Active

482

Optional
Replan Request
Limited

- — — N

FIG. 314




WO 2008/147668

22/22

Acceptance

Preempt
Current

or Feedback
Requy

PCT/US2008/063193

Request

464

Cancel Current
Request and }— 469

Proceed to
New Request

Send Replan
Request for

Acceptance or
Feedback

474// 476

Accepted

No
Action

FIG. 31B

478
L

Request Replan
with Best
Known Data
Available

480

New
Optional
Plan
Received

No
Action




INTERNATIONAL SEARCH REPORT

International abplication No

PCT/US2008/063193

A
INV.

. CLASSIFICATION OF SUBJECT MATTER T

B61L27

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B6IL .

Minimum documentation searched (classmcallon system foliowed by classmcallon symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

'

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, .with indication, where appropriate, of the relevant passages

Relevant to claim No.

RAZOUQI Q ET AL: "RYNSORD: a novel,
decentraltized algorithm for railway
networks with soft reservation”

VEHICULAR TECHNOLOGY CONFERENCE, 1998. VTC
98. 48TH IEEE OTTAWA, ONT., CANADA 18-21
MAY 1998, NEW YORK, NY, USA,IEEE, US,

vol. 3, 18 May 1998 (1998-05-18), pages
2585-2589, XP010288210 -

ISBN: 978-0-7803-4320-7

paragraph [0002]

1-40

m Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

*A" document defining the general slate of the ar which is not
considered to be of particular relevance )
*E" earlier document but published on or after the international e
filing date
*L* document which may throw doubis on pnonty claim(s) or
which is cited to establish the publication date of another e
citation or other special reason (as specified)
0" document referring to an oral disclosure, use, exhibition or
other means ‘
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family

invention

*T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination belng obvious to a person skilled

Date of the actual comptetion of the international search

12 August 2008

Date of mailing of the intemnational search report

21/08/2008

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni

Authorized officer

Fax: (+31-70) 340-3016 ' ~ Janhsen, Axel

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




~ INTERNATIONAL SEARCH REPORT

International application No -

PCT/US2008/063193

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

TE-WEI CHIANG ET AL: "Cycle detection in
repair-based railway scheduling system"™
ROBOTICS AND AUTOMATION, 1996.
PROCEEDINGS., 1996 IEEE INTERNATIONAL C
ONFERENCE ON MINNEAPOLIS, MN, USA 22-28
APRIL 11996, NEW YORK, NY, USA,IEEE, US,
vol. 3, 22 April 1996 (1996 04 -22), pages
2517- 2522 XP010163078

ISBN: 978-0-7803-2988-1

paragraph [0004]

CHENG Y: "Hybrid simu]ation for resolving

resource conflicts in train traffic
rescheduling” . '
COMPUTERS 1IN INDUSTRY ELSEVIER SCIENCE
. PUBLISHERS. AMSTERDAM, NL,
vol. 35, no. 3, 1 Apr11 1998 (1998-04-01),
' pages 233- 246, XP004123781
ISSN: 0166-3615.
paragraph [0002] - paragraph [0003]
GRABS u: "KONFLIKTERKENNUNG UND -LOESUNG
FUER DISPOSITIVE AUFGABEN IN
BETRIEBSZENTRALEN"
. SIGNAL + DRAHT, TELZLAFF VERLAG GMBH.
DARMSTADT, DE,
“vol. 87, no. 7/08,
1 July 1995 (1995-07-01), pages 254-258,
XP000723323
ISSN: 0037-4997
paragraph. [0004] - paragraph [0005]

1-40

1-40

1-40-

Fom PCT/ISA/210 (continuation of second sheet) (April 2005) .

page 2 of 2




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - claims
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - wo-search-report
	Page 94 - wo-search-report

