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(57) Abstract: A method and system for determining a ground speed for locomotives (e.g., 12, 14) of a train (16) comprising at 
least two locomotives for use in controlling an operation of the train. The method includes selecting an axle of any one locomotive 
of the train for measuring a speed corresponding to the selected axle. The method also includes determining a ground speed for at 
least another locomotive of the train based on a measured speed corresponding to the selected axle of the one locomotive.
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LOCOMOTIVE SPEED DETERMINATION

FIELD OF THE INVENTION

This invention relates generally to the field of rail transportation, and more particularly, to 

determining a ground speed of a train comprising two or more locomotives based on a 

wheel speed of one of the locomotives.

BACKGROUND OF THE INVENTION

In a typical rail transportation application, two or more locomotives may be used to pull a 

train to provide improved tractive effort and train handling capabilities. Modem 

locomotives commonly use sophisticated adhesion control systems, especially for 

relatively low speed, high tractive effort drag services. Such adhesion control systems 

typically require a highly accurate measurement of locomotive ground speed to control 

locomotive tractive efforts, such as wheel creep limit control. A ground speed of a rail 

locomotive is commonly derived from a wheel speed measurement measured by a speed 

sensor associated with a traction motor or axle on the locomotive. For example, U.S. 

Patent 6,758,087 described a method for measuring a locomotive speed based on a sensed 

axle (and corresponding wheel) speed by intermittently reducing tractive effort on one of 

the axles so that the creep of the axle is reduced to a nominal amount. Other speed 

measurement techniques may include radar sensed ground speed or GPS derived ground 

speed.

SUMMARY

In one aspect there is provided a method for determining a ground speed for locomotives 

of a train comprising at least two locomotives for use in controlling an operation of the 

train, wherein the method comprises:

selecting, by a processor, an axle of any one locomotive of the train for measuring a 

speed corresponding to the selected axle; and

detennining, by the processor, a ground speed of at least another locomotive of the 

train based on a measured speed corresponding to the selected axle of the one locomotive.

In another aspect there is provided a system for determining a ground speed for 

locomotives of a train comprising at least two locomotives for use in controlling an
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operation of the train, the system comprising:

a plurality of operation condition sensors associated with respective axles of

locomotives of a train providing respective operating condition sensor signals;

a processor configured to receive the respective operating condition sensor signals

and to select, based on the respective operating condition sensor signals, an axle on any 

one locomotive of the train to measure a speed associated with the selected axle; and

a speed sensor responsive to an axle selection of the first processor to measure a 

speed corresponding to the selected axle and provide a measured speed signal, wherein the 

processor is further configured to received the measured speed signal and to determine a 

ground speed for at least another locomotive of the train based on the measured speed.

In another aspect there is provided a computer-readable storage medium including a 

computer-readable program code therein to program a processor for configuring a 

processor to determine a ground speed for locomotives of a train comprising at least two 

locomotives for use in controlling an operation of the train, the computer readable storage 

medium comprising:

a computer-readable code for configuring the processor to select an axle of any one 

locomotive of the train for measuring a speed corresponding to the selected axle; and

a computer-readable code for configuring the process to determine a ground speed 

for at least another locomotive of the train based on a measured speed corresponding to the 

selected axle of the one locomotive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary embodiment of a system for determining a ground speed of a 

train for use by locomotives of the train.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors have innovatively recognized certain benefits associated with using a 

ground speed determination of one locomotive of a train for use by other locomotives of 

the train. Such benefits derive primarily from the ability to reduce the number of 

locomotives having to make a speed determination that may include
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intermittently reducing the tractive effort of an axle of the locomotive. For example, 

instead of each locomotive of a train having to independently determine its ground 

speed, a single locomotive may be selected to determine a ground speed of the train. 

The selected locomotive’s ground speed may then be used by each locomotive of the 

train for example to control tractive effort or for use by other locomotive systems such 

as an event recorder system, a cab signaling system, a flange lubrication system, or a 

locomotive diagnostic system.

FIG. 1 shows an exemplary embodiment of a system 10 for determining a ground 

speed of a train 16 comprising at least two locomotives 12, 14, for use by the 

locomotives 12, 14, for example, to control the respective tractive efforts of the 

locomotives 12, 14. The system 10 is configured for selecting an axle of a 

locomotive 12, 14 of the train 16 for measuring a wheel speed corresponding to the 

selected axle. The system 10 then determines a ground speed of each locomotive of 

the train 12, 14 based on the measured wheel speed corresponding to the selected 

axle. In the exemplary embodiment of the system 10 depicted in the Figure, each 

locomotive 12 , 14 may include operating condition sensors 18a-18f, 20a-20f 

associated with respective axles of each locomotive 12 , 14 to provide operating 

condition sensor signals 19a-19f, 21a-21f to respective locomotive processors 22, 24. 

One or more of the operating condition sensors 18a-181, 20a-20f may be configured as 

a speed sensor for sensing an wheel speed and providing a sensor signal in the form of 

a sensed wheel speed to the processor 22, 24.

Each locomotive processor 22, 24 may be configured to receive the respective 

operating condition sensor signals 19a-19f, 21a-21f and process the signals 19a-19f, 

21a-21f to generate axle condition information, such as wheel speed information, for 

sharing with other locomotives 12, 14 of the train 16, thereby allowing selection of at 

least one axle of the locomotives 22, 24 for measuring a ground speed for use by the 

locomotives 12, 14. Each processor 22, 24 may be in communication with a storage 

device, such as memory 23, 25 for storing processor instructions and information, 

such as operating condition sensor signal data, needed to perform processing tasks. 

The processor 22, 24 of each locomotive 12, 14 may be in communication with other 

processors 24, 22 on other locomotives 14, 12 of the train 16 to allow sharing 

2
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information, such as operating condition information regarding each of the axles of 

the locomotives 12, 14. Information may be shared among the processors 22, 24 by 

using a hardwire connection 26, such as train line or train line modem, or a wireless 

communication link 26, such as a radio, cellular, or satellite link.

Each processor 22, 24 may be in communication with respective transceivers 26, 27 

for transmitting operating condition information to the other processors 24, 22 and 

receiving operating condition information, such as via wireless communication link 

26. The information shared among the processors 22, 24 may be further processed to 

selected a single axle from among the monitored axles of each locomotive 12, 14 for 

performing a ground speed determination. For example, a processor 22, 24 of one of 

the locomotives 12, 14 of the train 16 may be designated as a master processor to 

receive the operating condition information from the locomotives of the train and to 

analyze the information to determine an axle best suited to perform a ground speed 

determination and generate axle selection information. For example, an axle that is 

experiencing a reduced tractive effort, such as an axle that has been cut out, or 

restricted due to a fault, an axle experiencing a reduced speed, or an axle experiencing 

a reduced creep may be selected as the axle to perform a ground speed determination. 

In another embodiment, the information from each of the locomotives 12, 14 may be 

transmitted off board the locomotives 12, 14 of the train 16, for example, to a central 

processing center 30 that determines an axle best suited to perform a ground speed 

determination according to the information provided by each of the locomotives 12, 

14 . In yet another embodiment, each processor 22, 24 may perform an initial 

selection of an axle of its respective locomotive 12, 14 and provide the selected axle 

information, for example, to the designated master processor, for choosing an axle 

among the initially selected axles provided by each processor to make a ground speed 

measurement.

After an axle is selected, the axle selection information may then be forwarded, for 

example, via communication link 28, or from the central controller 30, to a selected 

locomotive (e.g. 12) having the selected axle. The selected locomotive 22 may then 

perform a speed measurement on the selected axle, such as by reducing a tractive 

effort of the selected axle and sensing the resulting wheel speed via an operating 
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condition sensor (e.g. 20a) configured as an wheel speed sensor. A sensed axle speed 

signal (e.g. 21a) may be provided to the processor 22 of the locomotive 12 for 

processing the sensed axle speed signal 21a to determine a ground speed for the train 

16. The ground speed may then be forwarded to other locomotives 14 of the train, 

such as via communication link 28 or central controller 30. The ground speed may be 

used by each locomotive 12, 14 of the train 16, for example, to control respective 

tractive efforts of each of the locomotives 12, 14. In other embodiments, the ground 

speed may be used by other locomotive systems such as an event recorder, cab signal, 

flange lube, or diagnostics.

Advantageously, instead of each locomotive 12, 14 having to select one of its own 

axles for performing its own ground speed measurement as is typically required, a 

single axle speed measurement may be used as the ground speed for each of 

locomotives 12, 14 of the train 16. hi another aspect, instead of each locomotive 12, 

14 of the train 16 needing to keep a lead axle operating at a reduced threshold level as 

is conventionally required, by using the above described technique, only one axle of 

one locomotive of the train 16 needs to operated at a reduced threshold level. Other 

applications for the ground speed of the train 16 may include locked axle detection, 

wheel diameter calibration, synchronous slip detection, and adjustment of slack in the 

train.

The ground speed of the train 16 may need to be compensated for use by each of the 

locomotives 12, 14 of the train 14, for example, due to operating characteristic 

differences among the locomotives 12, 14. Wheel diameter differences among axles 

of the locomotives 12, 14 may be different, resulting in different wheel speed 

measurements. Such differences may need to be taken into account when using the 

ground speed of the train 16 for other axles of the locomotives 12, 14 of the train 16 

other than the locomotive having the selected axle from which the ground speed was 

measured. A method of compensating the ground speed of the train 16 may include 

determining differences among measured wheel speeds corresponding to each of the 

axles of each locomotive 12, 14 of the train 16 and then generating a scaling factor to 

compensate for different measured respective speeds.

4
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In an embodiment, a scaling factor may be calculated by comparing the wheel speeds 

of a locomotive having the axle selected for measuring the ground speed for the train 

(the selected locomotive) with the wheel speeds of other locomotives of the train to 

determine a respective scaling factor. The scaling factor may then be applied to the 

measured ground speed when using the ground speed for respective ones of the other 

locomotives, so that the ground speed is compensated for use by the other locomotive. 

Accordingly, each locomotive may have a different scaling factor to be applied 

corresponding to its different operating characteristics. In an embodiment, the scale 

factor may be calculated during reduced tractive effort operations, such as coasting or 

near-zero creep conditions. For example, a scaling factor between the selected 

locomotive and an other locomotive may be calculated when each of the locomotives 

has its respective throttle set to an idle position, and/or when a speed of the other 

locomotive is below a certain value, such as 5 mile per hour, and/or when relatively 

little or no brake is being applied.

In another aspect, the ground speed of the train may need to be compensated for 

transient ground speed differences of each of the locomotives, such as when coupler 

slack exists in the train or when coupler slack is making a transition from tension to 

compression, or vice-versa. A method of compensating for such transient ground 

speed differences among locomotives of the train may include determining that 

transient ground speed differences exist among the locomotives and then ignoring the 

operating characteristic differences of locomotives experiencing transient ground 

speed differences by not compensating the ground speed when a transient speed 

condition is occurring. For example, for a multi locomotive consist being positioned 

at the head end or the rear end of a train, transient coupler slack may not be present at 

relatively high tractive or braking effort levels because the couplers are typically in a 

condition of tension (motoring at head end or braking at rear end) or compression 

(braking at head end or motoring at rear end). Accordingly, when a condition of high 

tractive effort and/or high braking effort levels are present in the train, the ground 

speed of the train may be compensated for use by the locomotives of the train because 

the relatively high tractive effort or high braking effort indicates absence of coupler 

slack and a corresponding absence of transient speed differences among the

5
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locomotives. If a condition of relatively low tractive or braking effort levels are 

present, then coupler slack may be present which may result in transient speed 

differences among the locomotives, indicating that compensation should be not be 

performed at such times. Accordingly, a certain braking level effort or a certain 

tractive level effort, such as may be measured on each of the locomotives of the train, 

may be used to determine when the ground speed should or should not be 

compensated based presence of transient speed differences indicated by the certain 

braking and /or tractive effort level. For example, compensation may be ignored when 

a braking level effort of less than about 50,000 lbs to 20, 000 pounds, and more 

preferably less than 30,000 pounds, or a tractive level effort of less than 50,000 lbs to 

20, 000 pounds, or more preferably less than 30,000 pounds, is being applied to the 

train.

For a multi locomotive consist being positioned in a center portion of a train remote 

from the head end or rear end of the train, a level of tractive effort or braking effort 

may not be sufficient to indicate either compression or tension at the couplers. In this 

case, slack may still may be present between the locomotives of the consist that may 

result in instantaneous speed differences among locomotives. It is desirable to detect 

this condition to allow disabling ground speed compensation until no slack is present 

in the consist, such as a time when a slack point has migrated to another position 

within the train remote form the consist. Detection of local slack (slack near a certain 

locomotive) may be accomplished be detecting an impact condition that results as a 

transition between tension to compression, or vice-versa. This impact may be detected 

by identifying discontinuities in locally sensed speeds of the respective locomotives. 

However, locomotive wheel speeds used in the determination of locomotive speed 

may include a creep error. Accordingly, impact related changes in wheel speeds need 

to be distinguished from creep related wheel speed changes.

The inventors have recognized that impact related wheel speed changes may be 

distinguished from creep related speed changes by considering common mode 

changes in wheel speed. An exemplary method of distinguishing impact related 

wheel speed changes from creep related speed changes based on sensing common 

changes may include determining a change in a measured wheel speed of one or more 

6
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axles of a locomotive over a certain time period, such as around 10 milliseconds to 1 

second, or more preferably 100 milliseconds. The method also includes determining a 

magnitude of the change in the wheel speed(s) over the time period. When a 

magnitude of a wheel speed, or respective magnitudes of a portion (such as half of the 

wheel speeds measured), or all of the wheel speeds measured exceeds a speed 

threshold, such as around 0.1 to 1 miles per hour, or more preferably 0.2 miles per 

hour, an impact state may be declared.

A timer may then be set for certain period of time to ignore compensating the 

measured ground speed for the certain period of time because an impact state may 

exist that may result in calculating an inaccurate scaling factor. Using the above 

methods, a transient wheel speed condition on any locomotives positioned anywhere 

within a train may be identified and compensation of the ground speed of the train 

may be aborted when a tractive effort is below a certain level, and/or when a braking 

effort is below a certain level and when an impact state exists.

Based on the foregoing specification, the methods described may be implemented 

using computer programming or engineering techniques including computer software, 

firmware, hardware or any combination or subset thereof, wherein the technical effect 

is to determine a ground speed of a train comprising two or more locomotives based 

on a wheel speed of one of the locomotives. Any such resulting program, having 

computer-readable code means, may be embodied or provided within one or more 

computer-readable media, thereby making a computer program product, i.e., an article 

of manufacture, according to the invention. For example, computer readable media 

may contain program instructions for a computer program code for processing 

received imaging data indicative of images acquired in a vicinity of a locomotive. 

The computer readable media may also include a computer program code for 

processing received location data indicative of a geographic location of the 

locomotive when the images are being acquired. In addition, the computer readable 

media may include a computer program code for accessing a railroad landmark 

database comprising a plurality of railroad landmarks associated with respective 

geographic locations constituting landmark tags to correlate the landmark tags with 

the imaging data and the location data to generate landmark correlated image data.

7
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The computer readable media may be, for example, a fixed (hard) drive, diskette, optical 

disk, magnetic tape, semiconductor memory such as read-only memory (ROM), etc., or 

any transmitting/receiving medium such as the Internet or other communication network or 

link. The article of manufacture containing the computer code may be made and/or used 

by executing the code directly from one medium, by copying the code from one medium to 

another medium, or by transmitting the code over a network.

One skilled in the art of computer science will be able to combine the software created as 

described with appropriate general purpose or special purpose computer hardware, such as 

a microprocessor, to create a computer system or computer sub-system embodying the 

method of the invention. An apparatus for making, using or selling the invention may be 

one or more processing systems including, but not limited to, a central processing unit 

(CPU), memory, storage devices, communication links and devices, servers, I/O devices, 

or any sub-components of one or more processing systems, including software, firmware, 

hardware or any combination or subset thereof, which embody the invention.

It will be understood that a person skilled in the art may make modifications to the 

preferred embodiment shown herein within the scope and intent of the claims. While the 

present invention has been described as carried out in a specific embodiment thereof, it is 

not intended to be limited thereby but is intended to cover the invention broadly within the 

scope and spirit of the claims.

Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" or "comprising", will 

be understood to imply the inclusion of a stated integer or step or group of integers or steps 

but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it), 

or to any matter which is known, is not, and should not be taken as, an acknowledgement 

or admission or any form of suggestion that that prior publication (or information derived 

from it) or known matter forms part of the common general knowledge in the field of 

endeavour to which this specification relates.

8
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CLAIMS

What is claimed is:

1. A method for determining a ground speed for locomotives of a train comprising at 

least two locomotives for use in controlling an operation of the train, the method 

comprising:

selecting, by a processor, an axle of any one locomotive of the train for measuring a 

speed corresponding to the selected axle; and

determining, by a processor, a ground speed of at least another locomotive of the 

train based on a measured speed corresponding to the selected axle of the one locomotive.

2. The method of claim 1, further comprising using the determined ground speed for 

controlling respective tractive efforts of the locomotives.

3. The method of any one of claims 1 or 2, further comprising using the determined 

ground speed for input to a locomotive event recorder.

4. The method of any one of claims 1 to 3, further comprising using the determined 

ground speed for input to a locomotive cab signaling system.

5. The method of any one of claims 1 to 4, further comprising using the determined 

ground speed for controlling a flange lubrication system.

6. The method of any one of claims 1 to 5, further comprising using the determined 

ground speed for input to a locomotive diagnostics system.

7. The method of any one of claims 1 to 6, wherein selecting comprises identifying an 

axle experiencing a reduced tractive effort among the axles of the locomotives of the train.

8. The method of any one of claims 1 to 6, wherein selecting comprises identifying an 

axle experiencing a reduced speed among the axles of the locomotives of the train.

9. The method of any one of claims 1 to 6, wherein selecting comprises identifying an 

axle experiencing a reduced creep among the axles of the locomotive of the train.

10. The method of any one of claims 1 to 9, further comprising identifying a locked 

axle condition on a locomotive of the train based on the measured speed of the selected

9
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axle.

11. The method of any one of claims 1 to 10, further comprising calibrating a wheel 

diameter of a locomotive of the train based on the measured speed of the selected axle.

12. The method of any one of claims 1 to 11, further comprising identifying a 

synchronous slip condition on a locomotive of the train based on the measured speed of the 

selected axle.

13. The method of any one of claims 1 to 12, further comprising compensating a 

determined ground speed for locomotives of the train based on operating characteristic 

differences among the locomotives.

14. The method of claim 13, wherein compensating further comprises: 

determining differences among measured respective speeds corresponding to

respective axles of locomotives of the train; and

generating a scaling factor to compensate for different measured respective speeds.

15. The method of claim 13, wherein compensating further comprises: 

determining transient ground speed differences among the locomotives; and 

ignoring the operating characteristic differences of locomotives experiencing

transient ground speed differences.

16. A system for determining a ground speed for locomotives of a train comprising at 

least two locomotives for use in controlling an operation of the train, the system 

comprising:

a plurality of operating condition sensor sensors associated with respective axles of 

locomotives of a train providing respective operating condition sensor signals;

a processor configured to receive the respective operating condition sensor signals 

and to select, based on the respective operating condition signals, an axle on any one 

locomotive of the train to measure a speed associated with the selected axle; and

a speed sensor responsive to an axle selection of the first processor to measure a 

speed corresponding to the selected axle and provide a measured speed signal, wherein the 

processor is further configured to receive the measured speed signal and to determine a 

ground speed for at least another locomotive of the train based on the measured speed.

10
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17. The system of claim 16, wherein the speed sensor is one of the operating condition 

sensors.

18. A computer-readable storage medium including a computer-readable program code 

therein to program a processor for configuring a processor to determine a ground speed for 

locomotives of a train comprising at least two locomotives for use in controlling an 

operation of the train, the computer readable storage medium comprising:

a computer-readable code for configuring the processor to select an axle of any one 

locomotive of the train for measuring a speed corresponding to the selected axle; and

a computer-readable code for configuring the process to determine a ground speed 

for at least another locomotive of the train based on a measured speed corresponding to the 

selected axle of the one locomotive.

19. A method for determining a ground speed for locomotives of a train, substantially 

as hereinbefore described with reference to the accompanying drawings.

20. A system for determining a ground speed for locomotives of a train, substantially 

as hereinbefore described with reference to the accompanying drawings.

21. Computer readable media containing program instructions, substantially as 

hereinbefore described with reference to the accompanying drawings.

11
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