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SYSTEM AND METHOD FOR IMPROVED TRAIN HANDLING AND FUEL
CONSUMPTION

BACKGROUND OF THE INVENTION

This invention relates to locomotive operations, and more specifically to a system and
method for autonomously improving train handling and fuel consumption when

encountering track terrain changes.

Depending on a train operator’s level of experience, dedication, and even how one is
feeling on a given day, handling of a railroad train differs between operators which, in
turn, results in differences in train mission fuel burn rate as well as in train force
differences. For example, a skilled operator who is dedicated and keenly attentive
will be more familiar with a railroad track and, thus, anticipate grade and curve
changes before the train encounter these track changes and slow down (decelerate) or
speed up (accélerate) the train in anticipation of the changes. This results in a
smoother operation of the train as well as in burning less mission fuel as compared to

an operator who is not as familiar with the track.

Though systems currently exist to assist train operators in minimizing burning
mission fuel, such systems typically require recording handling performance data for
later processing to assist in determining how to best minimize burning mission fuel.
Further, it is believed that such systems perform most of the processing remote from
the train for use during another run of the locomotive. Such systems generally are not
able to process real time data to account for other external factors, such as weather,
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while the train is in motion.
BRIEF DESCRIPTION OF THE INVENTION

Towards this end, a system, method and software code is needed to allow for on-
board evaluation and determination of a train’s speed as it is proximate to changes in
track conditions where such information is then used to adjust train speed to improve
fuel efficiency train handling. In a preferred embodiment, the present invention are

directed to a self-learning and auto correcting system. In another preferred
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embodiment though self-learning, operator interaction may be required to implement
the present invention. Thus, the present invention disclose a method, system, and
computer software for controlling the operation of a railroad train having a
locomotive consist comprising one or more railroad locomotives to improve
locomotive consist fuel efficiency. The method comprises calculating, on-board the
locomotive consist, a load of said train being moved by the locomotive consist based
on measuring the movement of the train in response to locomotive consist power
settings. The method further includes determining, on-board the locomotive consist, a
current location of the train. Identifying, on-board the locomotive consist, a change in
condition of said track prior to said train reaching said change in track condition is
also part of the method taught. The method also includes adjusting, on-board the
locomotive consist, the locomotive consist power setting to optimize locomotive
consist fuel consumption based on said calculated load of said train as said train is

proximate to said change in track condition.

The system comprises a position-determining device, a track profile database
comprising terrain and contour data about a railroad track, and a processor comprising
an algorithm to calculate a load of said train and a feed forward algorithm to
determine at least one of an acceleration rate or a deceleration rate of said train based
on said calculated load and forth coming terrain and contour of a railroad track.
Change in condition of the track is determined on-board the locomotive consist and
the locomotive consist power setting is adjusted to optimize locomotive consist fuel
consumption based on the calculated load of the train as the train is proximate to the

change in track condition.

The computer software code comprises a software module for calculating a load of
the train being moved by the locomotive consist based on measuring the movement of
the train in response to locomotive consist power settings. A software module for
determining a forthcoming condition of a track prior to the train reaching the change
in track condition is also provided. The software code also has a software module for
calculating at least one of an acceleration rate or a deceleration rate of said train to
optimize fuel consumption based on the calculated load and the change in the

forthcoming track condition.
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The technical effect is to provide software code that is able to process data about the
train and use the information to improve fuel efficiency train handling by adjusting

the train speed prior to reaching changes in a railroad track.
BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become apparent from the
following detailed description of the invention when read with the accompanying

drawings in which:

FIG. 1 is a block diagram disclosed in a locomotive of exemplary elements of the

present invention;

FIG. 2 is a block diagram of a general overview of exemplary steps of the present

invention;
FIG. 3 is a chart illustrating exemplary values of fuel verses power for a locomotive.
FIG. 4 is a flow chart illustrating exemplary steps of the present invention; and

FIG. 5 is a flow chart illustrating exemplary software code elements of the present

invention.
DETAILED DESCRIPTION OF THE INVENTION

With reference to the figures, exemplary embodiments of the invention will now be
described. Before describing in detail the particular system and method, it should be
observed that the present invention resides primarily in a novel combination of
components and steps related thereto. Accordingly, the system and method steps have
been represented by conventional elements in the drawings, showing only those
specific details that are pertinent to the present invention, so as not to obscure the
disclosure with structural details that will be readily apparent to those skilled in the art
having the benefit of the description herein. Additionally, the phraseology and
terminology employed herein are for the purpose of description and should not be
regarded as limiting. Towards this end, terms used in the singular shall also be read to

encompass the term as if it was stated in its plurality. This reasoning shall also apply
3
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in the inverse. For example, the use of the term “invention” shall be construed as
also meaning the term “inventions” whereas the use of the term “inventions” shall

also be construed to mean the term “invention.”

A general reference to a locomotive is used throughout. The present invention is
applicable to all types of locomotives including, but not limited to, diesel, electric,
and hybrid systems, including but not limited to diesel-electric, diesel hydraulic,
hydraulic-electric. Likewise, the use of the term power setting is used generically
since various drive systems can be used based on the type of locomotive, such as but
not limited to mechanical drives and hydraulic drives. Based on the drive system and
type of locomotive, those skilled in the art recognize that speed for a locomotive is

established differently from the other types of drives and locomotives.

FIG. 1 is an exemplary illustration of a locomotive 5. In a railroad train one or more
locomotives 5 may be part of the train wherein the locomotives are considered a
consist. FIG. 1 further illustrates block diagram representations of exemplary
elements of the present invention. Though shown as being located on a single
locomotive 5, these elements can be located in other parts of a train or other
locomotives in the locomotive consist. It is also possible that the elements are not all
located in a single car or locomotive 5. In other words, elements may be located in
several parts of the train and connected to still perform the function of the present

invention.

As further illustrated in FIG. 1, a position-determining device 12 is provided on the
train. This device is connected to a processor 14. A track profile database 16 is also
provided and is also connected to the processor 14. The track profile database 16
includes such information as terrain and contour data about a railroad track 17. A
memory storage device 26 is attached to the processor 14. The memory storage
device 26 is provided to store, either temporarily or for longer periods, data provided
and/or calculated by the processor 14 for use during current operation of the train or
for use during later operation. Train operation collection devices 30 are also provided
on the train and are connected to the processor 14. The collection devices 30 are

operable to determine, but not limited to notch speed (call), tractive power, brake pipe

4
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setting, speed, fuel consumption power settings, and acceleration and deceleration
rates of the train. The information collected can be used by the algorithms 20, 21, 28,
discussed below to help insure more accurate timing when accelerating or

decelerating the train.

The processor has a number of algorithms 20, 21, 28 that are processed with the
processor 14. One algorithm 20 is provided to calculate a load of the train. Another
algorithm 21 is a feed forward algorithm that determines the acceleration rate or
deceleration rate of the train based on the calculated load in view of the forthcoming
terrain and contour of the railroad track. An available third algorithm 28 may be one
to determine accuracy of a calculated load value. This may be accomplished by
calculating a second load value of the train and the first calculated load valve based
on the second calculation. Examples of the techniques used in the algorithms
discussed above include, but are not limited to, time dependent and time varying
Taylor series expansions. Those skilled in the art will also recognize that algorithms
utilizing Kalman filters can be used since they support estimations of past, present,
and even future states even when the precise nature of the modeled system is
unknown.

In one exemplary embodiment a load is assumed and/or is available and then a
calculation is made using this third algorithm 28 based on prior data stored in the
memory storage device 26, including a time and location when the train travérsed
.over a specific length of railroad track 17. The second calculation is compared to the
original load value and the actual load used for further calculations is adjusted
accordingly. In another exemplary embodiment, the start time and start location of
the train is compared to a given location that the train has already traversed. Taking
this information and including information pertaining to a power setting of the
locomotive 5 during that time period, a load is calculated. This load value is
compared to the original load value already being used by the present invention and

the load value used by the present invention is adjusted accordingly.

FIG. 2 is a block diagram of a general overview of exemplary blocks containing

exemplary steps of the present invention. Information from the train (train data) 40,

5
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specifically the locomotive consist is collected with the collection devices 30. The
location of the train (train location) 42 must be determined. Location can be
determined with, but not limited to, an on-board GPS system, a elapse mile counter
that is part of the locomotive control system, via track systems, and/or via other
locomotives in the consist. A map of the track 44 is provided so that the location of
the train is identified. The map may include, but is not limited to, such information as
upward grades, downward grades, curves, rural/city/residential locations (if certain

speed restrictions may apply).

An algorithm, or several algorithms, is used to calculate fuel burn rate 46. Fuel burn
rates are calculated based on a train load and train location. Data collected is
correlated with train location. In one exemplary embodiment, a train load is
calculated based on notch speed and the time the train traverses a given length of
track. In another exemplary embodiment, using notch speed and traction power
changes versus grade and friction, an approximation of a train load can be calculated.
Train run friction and train curve friction are also determined where train speed and
traction power is collected based on a track condition and used to determine a train
load. In another embodiment where track parameters are not known, friction and
wind forces, total fuel consumed during powered modes, and resulting train speed
changes are used in conjunction with Specific Fuel Consumption (SFC) per
horsepower for the locomotive to calculate the train load. A table illustrating typical
exemplary values of fuel 33 verses horsepower 35 and SFC 37 for a locomotive 5 is
provided in FIG. 3. This chart 31 also identifies these values based on a notch speed
of the locomotive. The resulting load calculations are used to determine acceleration
and deceleration based on pending changes in the railroad track. Preferably, an initial
load assessment is calculated during the initial acceleration and used as the initial

input for mission optimization.

The resulting calculations are supplied to a Locomotive Control System 48 to control
how the train will perform, as it is proximate to certain track terrain. By proximate,
the train can be approaching a change in track conditions, encountering the change in
track conditions, and/or already encountered the change in track conditions.
Specifically, the calculations made are compared against an actual mission

6
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performance. Based on the calculations and train location either the velocity of the
train remains constant, braking is applied to decelerate the train, or the train is

accelerated 50.

To further assist determining the proper acceleration or deceleration rate, a weather-
collecting device 25 is also aboard the train. This devices includes weather collecting
apparatus to determine present weather conditions that the train is experiencing and
even weather conditions on the track that the train will shortly traverse. Such weather

conditions include, but are not limited to, wind conditions, rain, and snow.

In another preferred embodiment, the weather conditions are relayed to the train from
a dispatcher at a remote location, such as but not limited to a train depot. In yet
another preferred embodiment, weather conditions are downloaded, such as over a
wireless Internet connection. In another preferred embodiment, a local camera placed
on the train can provide visual images of the weather wherein the user can then input
data and/or commands specific to the type of weather being witnessed. In another
preferred embodiment, any number of the approaches described above are utilized.
The weather condition data is provided to the processor wherein the feed forward
algorithm uses this data to more accurately calculate acceleration or deceleration rates

for the locomotive consist.

FIG. 4 is a flow chart illustrating exemplary steps of the present invention to improve
fuel efficiency. As illustrated, a calculation of a load of the train must be performed,
step 52. This may be calculated based on measuring the movement of the train in
response to the locomotive consist’s power settings. A current location of the train
must be determined, step 54. As the train is moving, changes in track conditions must
be identified prior to the train reaching the change in track location, step 56. As
discussed above, such change in track conditions includes, but is not limited to,
upward grades, downward grades, curves, and rural/city/residential locations. The
locomotive consist power setting is adjusted to optimize fuel consumption based on
the calculated load of the train as the train is proximate to the change in track
condition, step 58. In a preferred embodiment, all of these functions are performed

aboard the train.
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FIG. 5 is a flow chart illustrating exemplary software code elements of the present
invention for improving fuel efficiency of a railroad train where the train has at least
one computer on a locomotive or locomotive consist. Thus, those skilled in the art
will recognize that the software codes need not reside in a single computer, but
different codes can be part of a plurality of computers that are networked together to
provide the same end result as a single computer with all codes provided in the single
computer. Further, those skilled in the art will recognize that though three modules
are illustrated, these modules can be separated into more modules and/or combined

into fewer modules.

One software module 60 is provided for calculating a load of the train based on
measuring the movement of the train in response to power settings of the locomotive
consist. Another software module 62 determines a forthcoming condition of the track
prior to the train reaching the change in track condition. A third software module 64
determines acceleration or deceleration rates for the train in order to optimize fuel
consumption based on the calculated load and the change in the forthcoming track

condition.

While the invention has been described in what is presently considered to be a
preferred embodiment, many variations and modifications will become apparent to
those skilled in the art. Accordingly, it is intended that the invention not be limited to
the specific illustrative embodiment but be interpreted within the full spirit and scope

of the appended claims.
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WHAT IS CLAIMED IS:

L. A method of controlling the operation of a railroad train having a locomotive
consist comprising one or more railroad locomotives to improve locomotive consist

fuel efficiency, said method comprising:

a) calculating on-board the locomotive consist a load of said train being moved
by the locomotive consist based on measuring the movement of the train in response

to locomotive consist power settings;
b) determining on-board the locomotive consist a current location of the train;

c) identifying on-board the locomotive consist a change in condition of said track

prior to said train reaching said change in track condition; and

d) adjusting on-board the locomotive consist the locomotive consist power
setting to optimize locomotive consist fuel consumption based on said calculated load

of said train as said train is proximate said change in track condition.

2. The method of claim 1 wherein said measuring of the movement of the train
includes determining at least one of changes in locations of the train, a train velocity,

and a train acceleration.

3. The method of claim 1 wherein said identifying the condition of said track
comprises identifying at least one of track inclination, track curvature or rail friction

characteristics.

4, The method of claim 1 wherein said calculating of the load of the train is
further based on track conditions of the track over which the train travels during the

load determination.

3. The method of claim 1 wherein the locomotive power setting is a locomotive

engine setting.
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6. The method of claim 1 wherein the locomotive comprises at least one of a
diesel locomotive, an electric locomotive, a diesel-electric locomotive, a diesel-

hydraulic locomotive, or a hydraulic-electric locomotive.

7. The method of claim 5 wherein the locomotive power setting is established

based on a type of drive used by the locomotive.

8. The method of claim 7 wherein the type of drives comprises at least one of a

mechanical drive or a hydraulic drive.

9. The method of claim 1 wherein the locomotive has traction motors to drive
wheels of the locomotive and the locomotive power setting is an electrical power

setting of power transmitted to the traction motors.

10.  The method of claim 1 wherein an initial train load is assumed for the train
and the calculated train load is used to improve the accuracy of the measure of train

load used in adjusting the consist power setting.

11.  The method of claim 1 wherein calculating a load of said train comprises
utilizing a global positioning device to determine at least one of said locations of the

train, the train velocity and the train acceleration.

12.  The method of claim 1 further comprises determining weather conditions and
adjusting power settings of said locomotive consist to optimize fuel consumption

based on said weather conditions.

13.  The method of claim 12 wherein said weather conditions comprise at least one
of the following: environmental weather conditions and affects of said environmental

weather conditions upon said track.

14.  The method of claim 1 further comprises determining an accuracy of said
calculated load by calculating the load of the train a second time based on measuring

the movement of the train in response to locomotive consist power settings

10
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15.  The method of claim 14 wherein determining an accuracy of said calculated
load further comprises calculating a second load of said train and comparing with said

first calculated load.

16.  The method of claim 15 wherein said calculated load is adjusted based on said

second load.

17. The method of claim 12 further comprises using a plurality of global
positioning devices to determine a length of said train that is used in calculating said

load of said train.

18.  The method of claim 1 further comprises collecting train operating data for use

in adjusting speed of said train.

19. A system for improving fuel efficiency of a railroad train located on a railroad
train having a locomotive consist comprising one or more railroad locomotives, said

system comprising:
a position-determining device;
a track profile database comprising terrain and contour data about a railroad track;

a processor comprising an algorithm to calculate a load of said train and a feed
forward algorithm to determine at least one of an acceleration rate or a deceleration
rate of said train based on said calculated load and forth coming terrain and contour of

a railroad track; and

wherein said change in condition of the track is determined on-board the locomotive
consist and the locomotive consist power setting is adjusted to optimize locomotive
consist fuel consumption based on the calculated load of the train as the train is

proximate to the change in track condition.

20.  The system of claim 19 wherein said algorithm to calculate the load of said
train comprises at least one of a combination of utilizing a start time and start location

of said train, a present location of said train, and a condition of said track or a

11
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combination of a train velocity at which said train is moving when at a specific power

setting.

21.  The system of claim 19 further comprises a weather collecting device to

determine weather conditions.

22.  The system of claim 21 wherein said feed forward algorithm further comprises
factoring weather conditions to determine at least one of an acceleration rate or a

deceleration rate.

23.  The system of claim 19 further comprises a memory device connected to the

Processor.

24.  The system of claim 22 further comprises a third algorithm for determining an
accuracy of a calculated load value by calculating a second load of said train based on
prior data stored in said memory device including a time and location when said train

has traversed over a length of prior traveled track.

25. The system of claim 24 wherein said third algorithm further comprises
determining an accuracy of a calculated load value by calculating a second load of

said train and comparing with said first calculated load.

26.  The system of claim 19 further comprises train operation collection devices

operatively connected to the processor.

27.  The system of claim 26 wherein data from said collection devices are used to
determine at least one of an acceleration rate or a deceleration rate of said train based

on said calculated load and forth coming terrain and contour of a railroad track.

28.  The system of claim 19 wherein said position-determining device determines
at least one of changes in location of the train, a train velocity, and a train

acceleration.

29.  The system of claim 19 wherein said position-determining device utilizes a

global positioning device.

12
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30.  The system of claim 19 wherein terrain and contour data about a railroad track
further comprises at least one of track inclination, track curvature or rail friction

characteristics.

31.  The system of claim 19 wherein an initial train load is assumed for the train
and the calculated train load is used to improve the accuracy of the measure of the

train load used in adjusting the consist power setting.

32.  The system of claim 19 wherein at least one of the algorithm or the feed
forward algorithm comprises at least one of a time dependent and time varying Taylor

series expansion calculation or a Kalman filter.

33. A computer software code for improving fuel efficiency of a railroad train
having a locomotive consist comprising one or more railroad locomotives to improve
locomotive consist fuel efficiency and at least one computer on the locomotive

consist, said software code comprising:

a) a software module for a computer for calculating a load of the train being
moved by the locomotive consist based on measuring the movement of the train in

response to locomotive consist power settings;

b) a software module for a computer for determining a forthcoming condition of

a track prior to the train reaching the change in track condition; and

c) a software module for a computer for calculating at least one of an
acceleration rate or a deceleration rate of said train to optimize fuel consumption

based on the calculated load and the change in the forthcoming track condition.

34.  The computer software code of claim 33 wherein at least one of the software
module for a computer for calculating a load or the software module for determining a
forthcoming condition of a track further comprises code for factoring weather

conditions when performing the respective calculation.

35.  The computer software code of claim 33 further comprises a software module

for a computer for at least one of accelerating said train based on a calculated

13



WO 2006/133306 PCT/US2006/022146

acceleration rate of said train to optimize fuel consumption as said train reaches said
forthcoming change in track condition or decelerating said train based on a calculated
deceleration rate of said train to optimize fuel consumption as said train reaches said

forthcoming change in track condition.

36.  The computer software code of claim 33 further comprises a software module
for a computer for determining an accuracy of said calculated load by having a code
to calculate a second load of said train, comparing said second load to said first load,

and adjusting said first load based on said second load.

37.  The computer software code of claim 33 wherein said software module for a
computer for calculating at least one of an acceleration rate or a deceleration rate
further comprises code for utilizing operational conditions of said train in determining

at least one of an acceleration rate or a deceleration rate.

38.  The computer software code of claim 33 further comprises a software module
for a computer for assuming an initial train load for the train and improving the
accuracy of the measure of the train load using the calculated train load used in

adjusting the consist power setting.

39.  The computer software code of claim 33 further comprising at least one of a
time dependent and time varying Taylor series expansion calculation or a Kalman

filter.

14
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FIG. 4

Calculating a Load of the Train Being Moved by the Locomotive Consist
Based on Measuring the Movement of the Train in Response to
Locomotive Consist Power Setings
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FIG. 5

A Software Module for a Computer for Calculating a Load
of the Train Being Moved by the Locomofive Consist Based
on Measuring the Movement of the Train in Response
to Locomotive Consist Power Settings
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