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APPARATUS AND METHOD FOR LOCATING ASSETS WITHIIN A RAIL
YARD

BACKGROUND

This invention relates generally to rail yards, and more particularly to determining the

location of rolling stock, including railcars and locomotives, within a rail yard.

Rail yards are the hubs gf railroad transportation systems. Therefore, rail yards
perform many services, for example, freight originat_ion, interchange and termination,
locomotive storage and maintenance, assembly and inspection of new trains, servicing
of trains running through the facility, inspection and maintenance of railcars, and
railcar storage. The various services in a rail yard compete for resources such as
personnel, equipment, and space in various facilities so that managing the entire rail

yard efficiently is a complex operation.

The railroads in general recognize that yard management tasks would benefit from the
use of management tools based on optimization principles. Such tools use a current
yard status and a list of tasks to be accomplished to determine an optimum order in

which to accomplish these tasks.

However, any management systém relies on credible and timely data concerning the
present state of the system under management. In most rail yards, the current data
entry technology is a mixture of manual and automated methods. For example,
automated equipment identification (AEI) readers and AEI computers determine the
location of rolling stock at points in the sequence of operations, but in general, this
information limits knowledge of rolling stock whereabouts to at most, the moment at
which the rolling stock arrived, the moment at which the rolling stock passes the AEI

reader, and the moment at which the rolling stock departs.

The location of assets within a rail yard is typically reported using voice radio

communications. Point detection approaches such as wheel counters, track circuits,

and automatic equipment identification (AEI) tag readers have been used to detect

-assets at specific, discrete locations on the tracks. Modern remote control systems use
1
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GPS and AEI tags to prevent the remote-controlled locomotive from traveling outside
the yard limits. Cameras have been deployed throughout rail yards with shared
displays to allow rail yard personnel (i.e. yard masters, hump masters, manager of
terminal operations) to locate engines and other assets. However, none of these
approaches provide a continuous, real-time view as to the location of all rail yard

assets of interest.

It is desirable to know where assets are located within a rail yard in real time (e.g.,
within the last 10 seconds). These assets could be humans (i.e. car inspectors),
maintenance of way vehicles, or locomotives for example. For locomotives it is
desirable to know what track they are on and at what position on that track they are

located.

Most rail yards do not have accurate track location data. Adjacent tracks can be 13.25
feet apart (according to Association of American Railroads Plate C standard) and
track location information may not exist, or may be accurate only to several feet.
Collection of this track location information using conventional survey methods and
techniques can be time consuming, costly, and negatively impact railroad freight

operations.

Accordingly, it is desirable to provide a method and apparatus for providing a
continuous real-time view of the location of all the rail yard assets of interest and the

rail yard processing task they are associated with.
SUMMARY OF THE INVENTION

A method for tracking assets within a rail yard, the method comprising: creating a
track layout database for the rail yard, the track layout database providing a map of
rail tracks and switches within the rail yard, wherein the track layout database
includes machine readable data identifying discrete locations of the rail tracks and
switches of the rail yard, each discrete location corresponding to a geographical
position of a portion of a rail track or switch; associating rail yard processing steps
with portions of the track layout database; receiving a geographical position signal

corresponding to an asset within the rail yard,; comparing the geographical position

2



WO 2007/078704 PCT/US2006/047306

signal to the machine readable data of the track layout database in order to identify the
location of the asset within the map; and presenting a graphical presentation of the
location of the asset on the map along with yard process steps associated with the
track section occupied by the asset, wherein the geographical position signal is
received within a time period to allow the graphical presentation to be used in a

management decision corresponding to the asset.

A system for tracking assets within a rail yard, the system comprising: a track layout
database for the rail yard, the track layout database providing a map of rail tracks and
switches within thf: rail yard, wherein the track layout database includes machine
readable data identifying discrete locations of the rail tracks and switches of the rail
yard, each discrete location corresponding to a geographical position of a portion of a
rail track or switch and each portion of a rail track or switch associated with one or
more yard process steps performed on or about the rail track or switch; a plurality of
positioning devices configured to generate geographical position signals from a
plurality of assets within the rail yard; a computer system, configured to receiving and
compare the geographical position signals to the machine readable data of the track
layout database in order to identify the location of the plurality of assets within the
map and present a graphical presentation of the location of the plurality of assets and

the yard process steps associated with these locations on the map.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a method for generating a rail yard track

database in accordance with an exemplary embodiment of the present invention;

Figure 2 is a schematic illustration of a method for generating a rail yard track
database in accordance with an alternative exemplary embodiment of the present

invention;

Figure 3 is a schematic illustration of an exemplary embodiment of the present

invention;
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Figure 4 is a schematic illustration of an exemplary embodiment of the present

invention;
Figure 5 is generic schematic view of a rail yard; and

Figure 6 is a graphical representation of a database compiled in accordance with an

exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
INVENTION

Disclosed herein is a means of creating and using an accurate database of track
locations in a rail yard from either aerial photography or Global Position System
(GPS) data acquisition (e.g., using a radio-navigation system formed from satellites
and ground stations, wherein a GPS receiver measures distance using the travel time
of radio signals). In accordance with exemplary embodiments of the present
invention, the database can be located in a control room of a rail yard wherein a
computer or controller of the system receives data from an asset within the rail yard.
The data of the asset is GPS data, which corresponds to its approximate geographical
location wherein the received data corresponding to its approximate location is
compared to the track database and thereafter a visual display of the asset on

computer monitor is provided.

In accordance with exemplary embodiments of the present invention this information
is used to locate the asset to a particular track and a position along that track and to
identify the current activity of the asset given yard process steps associated with that
track.  Thereafter, a display will be provided wherein one or more rail yard
operational personnel can use this information to enable planning and decision-
making. In accordance with one exemplary embodiment of the present invention, the
locations of specific or associated assets (e.g., rail cars), which have been designated
to be of high importance can also be identified to the rail yard operations via the
graphical display. Reference is made to the following United States Patents:
6,405,127, 6,377,877, 6,637,703; the contents each of which are incorporated herein

by reference thereto.
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Exemplary embodiments of the present invention allow for fast, simple and low cost
methods of creating an accurate track location database for a rail yard. A generic
view of a rail yard is illustrated in Figure 5. Rail yard 110 illustrates various areas of
the rail yard that trains pass through during rail yard processing and are to be detected
by the tracking system of exemplary embodiments of the present invention. As
illustrated, the rail yard includes various sets of tracks dedicated to specific uses and
functions, herein referred to as yard process steps, wherein these functions are
recorded into the rail yard database and wherein a tracking database is created, the
tracking database comprising a data tracking history for a specific asset; and the data

tracking history is used to assign the specific asset to one specific rail track or area.

One non-limiting example of such processes is illustrated as follows: an incoming
train arrives in a receiving subyard 150 and is assigned a specific receiving track. At
some later time, a switch engine or yard engine enters the receiving track and moves
the railcars into a classification subyard 154. Classification subyard 154 is sometimes
referred to as a “bowl”. The tracks in classification subyard 154 are assigned to hold
specific blocks of railcars being assembled for outbound trains. When assembly of a
block of railcars is completed, this block of railcars is assigned to a specific track in a

departure subyard 158 reserved for assembling a specific outgoing train.

When all blocks of railcars required for an outgoing train are assembled, one or more
locomotives from a locomotive storage and receiving overflow subyard 162 will be
moved and coupled to the assembled railcars. Rail yard 110 also includes a run-
through service area 168 for servicing railcars, and a diesel shop and service area 170
to service and repair locomotives. The organization of the rail yard normally includes
a number of throats, or bottlenecks 174, through which all cars involved in the
foregoing train assembly process must pass. Bottlenecks 174 limit the amount of
parallel processing possible in a yard, and limit the rate at which the sequence of train

assembly tasks may occur.

A non-limiting example of one process in the yard is as follows; an incoming train
comes to a stop within a receiving subyard of the rail yard and an inbound inspection

of the railcars is performed. Thereafter, preparations are made to “hump” the railcars,

5
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and then the railcars are then ‘humped”. As used herein “humping” refers to the
process of classifying railcars by pushing them over a hill or summit (known as a
‘hump’), beyond which the cars are propelled by gravity and switched to any of a
plurality of individual tracks in a bowl. The bowl may also be referred to as
classification subyard 154. By way of example, humping may involve separating a
first railcar from a second railcar, and pushing the first railcar over a hill or summit
(known as a ‘hump’), beyond which the‘ first railcar is propelled by gravity and
switched to a first track in classification subyard 154. The second railcar is separated
from any remaining railcars in the plurality of railcars, pushed over the hump,
propelled by gravity, and switched to a second track in classification subyard 154.
While the primary embodiment refers to a classification process which uses a hump to
separate rail cars, other embodiments are applicable to rail yards which do not employ

a hump, which are so-called flat yards.

Once the railcars are classified, some railcars may optionally be trimmed or re-
humped. Trimming refers to the movement or relocation of a rail car among the
classification sub-yard tracks.  After the railcars are classified and any optional
trimming or re-humping is performed, the classified railcars are coupled and pulied
along classification subyard 154 through bottleneck 174 to departure subyard 158
wherein an outbound inspection of the coupled railcars is performed. Any rail cars
which are determined to have mechanical defects which prevent safe operation on the

mainline track is removed and placed on a bad order or set out track of the rail yard.

These locomotive processes may be performed before, after, or contemporaneously
with the railcar processes wherein the locomotive is transferred into service from
locomotive storage and receiving overflow subyard 162. If locomotive service is to
be performed, the locomotive is transferred to diesel shop and service are 170. If on
the other hand locomotive service is not to be performed, service is bypassed. After
locomotive service is performed or bypassed, an outbound locomotive process is
performed and the locomotive is transferred to departure subyard 158. The
locomotive is then coupled to the processed railcars. The locomotive and processed

railcars then depart from the subyard 158 as an outgoing train.
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In accordance with an exemplary embodiment, the monitoring system comprises at
least a central computer in operable communication with a rail track database and
sensors or GPS receivers with associated transmitters to provide real time data of rail
yard assets to the central computer for use with the rail track database to provide a
visual representation of the assets on a display as they move through the rail yard,
which may include various sub yards including but not limited to a receiving yard, a
classification yard, a storage and receiving yard, and a departure yard. In accordance
with an exemplary embodiment, the present invention employs GPS receivers to
provide accurate track placement of locomotives on a status display. Exemplary
embodiments provide real-time location of rail yard assets and an indication as to the
yard process steps (i.e. tasks) which are conducted on the track occupied by the asset
to rail yard personnel in order to enable time-critical decisions to be made relative to
task planning, safety and efficiency. For example and in an exemplary embodiment, a
yard engine is equipped with a GPS device, wherein the location of the yard engine is
continuously transmitted to the central control unit. As used herein GPS ‘device or
unit refers to an electronic device that can determine the device’s approximate
location or coordinates on the planet, wherein the coordinates are given in longitude
and latitude and the device itself comprises a means for transmitting these coordinates
to the central computer and the computer comprises a means for receiving and

interpreting the transmitted coordinates.

Referring now to Figure 1 and in order to create a database from aerial photographs, a
program was developed that uses aerial photography to create an accurate database of
track, switch, and region locations. If high-resolution aerial photography (i.e.
orthoimagery) of the rail yard is available from such sources as the United States
Geological Survey (USGS), then images, which cover the entire rail yard at high
resolution are downloaded to a local image database on a computer. This is illustrated
at box 12. Thereafter at box 14, a computer program then brings in portions of these
images and displays them at high magnification on a computer monitor. Thereafter at
boxes 16 and 18, the program further allows the use of a mouse or other equivalent
device (e.g., touch screen) to position the cursor onto a track on the display. The

cursor is then manually moved along the center of the track and the mouse is clicked

7
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in several locations spaced along the track. As each location is clicked on, the
computer draws a straight line overlaying the image to show the user that the track
path has been recorded. By following along the center of the track a more accurate
representation of the track location is provided. The computer then records the
sequence of locations relative to the image where these clicks occur to provide a
sequence of (x,y) coordinates related to the display of the rail yard. This sequence of
(x,y) coordinates becomes a piecewise continuous representation of a track segment.
A non-limiting example is as follows: a user clicks on the mouse or other equivalent
device wherein a graphic user interface provides a prompt of “track segment” or
“switch”? If track segment is selected the first location clicked on will be an end
point and thereafter each successive point is a portion of the track segment until a last
point is selected as the other end point. Thereafter, the user could be prompted to start
another track segment or switch. If a switch is selected the user simply clicks once to
designate a switch. Another non-limiting example for selecting end points would be

to use the “right click” mouse button feature again having a graphic user interface.

In order to accurately digitize a track, the magnification of the image is such that the
entire rail yard cannot fit on the screen simultaneously. The program of an exemplary
embodiment of the present invention will allow a user to bring different portions of
the image onto the display as they are needed, and to switch magnification as needed.
The program will also correct for translation and scaling in the track location database
(e.g., proper recordation of the (x,y) coordinates or data points as the image is zoomed
in and out). The program will also continuously display all of the currently digitized
tracks (box 20) as an overlay of the image to show the user which tracks have been
digitized, and which have not. Thus, showing progress of the tracks and switches

being marked.

In a similar manner and as illustrated by box 22, the user digitizes all switches in the

rail yard. Switches are digitized as a single point, and are represented on the display

image overlay by a diamond symbol or any other equivalent symbol centered on the

switch location. After each session of digitization, the program at step 24 will sort

through the database, wherein the endpoints of all track segments are associated with

the closest switch in the database. Each track segment is then connected to two
8
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switches, and each switch is connected to one, two or three track segments. Any
departure from these rules are resolved or alarmed by the program (decision node 26
and step 28). In addition, and at step 24 each track segment endpoint (x,y) locations
are replaced by the associated switch (x,y) location. This assures that all tracks and
switches connect properly. The relative angles that the three track segments make at a
switch are used to classify the three track segments as: Incoming, Outgoing Main and
Outgoing Diverted wherein the sharpness of the curve of the track turnout is used to
determine the track segment (e.g., the higher the degree of curve the more likely this
is an outgoing diverted track segment as opposed to an incoming or an outgoing
main). Additional information is found in the following book "The Railroad What It
Is, What It Does", 4th edition by John H. Armstrong, Simmons-Boardman Books,
Incl, 1998, page 44. As shown in this book track steepness angles are typically in the
range of 5 to 20 degrees with 12 degrees being typical for yards and a "Frog Number"
is used an industry standard size reference for switches. In other words, a single track
lies on one side of a switch while two tracks lie on the opposite side of the switch.
The Outgoing Diverted track is that track of the two that makes a larger angle with
respect to the projected extension of the incoming track. The Outgoing Main track is
that track which makes the smallest angle with respect to the projected extension of

the incoming track.

In accordance with an exemplary embodiment the high-resolution aerial photography
is used to provide a digital orthophoto quadrangle (DOQ) for use in the computer
implementation process. The digital orthophoto quadrangle is a computer-generated
image of an aerial pho\tograph wherein image displacement caused by terrain relief
and camera tilt angles has been removed. Such an orthophoto or orthoimage affords
the image characteristics of a photograph with the geometric qualities of a map.
DOQs are produced by the USGS with 1-meter ground resolution and coverage of
nearly all of the lower 48 states. The USGS has also produced DOQs with resolution
of approximately 1/3 meter or one foot over about 100 of the United States most
populated metropolitan areas. New York State generates its own DOQs with one foot
resolution. References: WWW.Usgs.gov, WWww.lerraserver-usa.com,

www.nysgis.state.ny.us.
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Image processing algorithms and tools may be applied to the orthoimagry to facilitate
or automate the location of track segments and switch machines. Algorithms such as
edge detection, boundary extraction, morphological processing, template matching
and area correlation are well-known to those skilled in the art of image processing and

could be applied to the task of track digitization.

In a similar manner and in order to digitize a track segment, the program allows the
user to define and digitize a region boundary illustrated at step 30. In one exemplary
embodiment, the boundary is a closed polygon, and all of the coordinates inside the
polygon belong to that region (see also regions 130 in Figure 6). This feature allows
the database to determine that a locomotive is “in the east inspection yard” for
example. Multiple boundaries may be employed and the multiple boundaries may be

disjoint from, overlap with or fully contain other boundaries.

Aerial photography images from USGS are tagged with geospatial reference
coordinates or datum (i-e. latitude and longitude) to allow transformation of image
coordinates (i.e. pixels) to geospatial coordinates. The image’s geospatial reference
coordinates may be in error by tens of feet, making them insufficient for rail-accurate
location. To mitigate the effect of image geospatial reference errors and in
accordance with an exemplary embodiment of the present invention survey grade
GPS equipment is disposed in the rail yard to accurately locate a small number of
specific sites which are visible in the aerial photography images. As used herein
“survey grade GPS equipment” is intended to cover GPS equipment that is accurate to
a centimeter level (e.g., a survey grade GPS is used to establish a known point and
thereafter total station laser instruments are used to lay out measurements for other
positions in the vicinity of the known point). Thereafter, survey grade GPS signals
from the rail specific sites are used to correct or make the geospatial reference
coordinates suitable for use with GPS signals received from assets within the rail
yard. In other words, the survey grade GPS signals from the rail specific sités are
used to correct the geospatial reference coordinates of the aerial photograph.
Alternatively, differential GPS techniqiles are employed to correct the geospatial

reference coordinates of the aerial photograph.

10
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In one exemplary embodiment and as illustrated at box 32, the GPS equipment is used
to locate the center of a throw bar mechanism on manually thrown switches. The
manual switch machine is frequently clearly visible in the aerial photographs.
Accordingly, survey grade GPS coordinates are provided for the center of the throw
bar switches within the aerial photograph (e.g., multiple locations). In accordance
with an exemplary embodiment, collection of GPS position data is performed at
specific sites spaced widely about the rail yard. The set of measured data from these
sites represent a very small portion of the whole rail yard infrastructure. Thus, the
high cost and complexity of surveying the entire rail yard track network is abated by
measuring a limited set of sites with a highly accurate, survey grade GPS receiver
system. The set of measured geospatial data points is compared to the digitized
geospatial data at the same sites to create a means for correcting the digitized
geospatial data. A geometric transformation is then defined which maps the digitized
data points to the measured data points in a manner which minimizes the error among
all points (i.e. least squares). Common examples of geometric transformations are
translation, scaling, rotation, skew and reflection. Those skilled in the art will
recognize that all of these examples are represented, in general, as an affine
transformation. Once; determined, this geometric transformation is applied to all

elements within the database to improve the alignment and reduce geospatial errors.

At step 34 the program overlays the survey GPS site locations of the reference
switches on top of the rail yard imagery. Placement of the overlays is done using the
approximate latitude and longitude information from the image source. At each site,
or point, where a survey GPS datum exists and where a switch machine (as mentioned
above) is clearly visible in the image, the user at step 36 carefully digitizes the point
on the image which the reference GFS should correspond. When this is done to all
applicable points, the program runs a least squares fit to determine the geometric
transformation matrix which transforms the digitized points (e.g., track segments and
switches) into the survey latitude/longitude points. Each digitized point is then
transformed by this matrix and the difference between the transform generated
latitude/longitude coordinates and the survey GPS generated latitude/longitude

coordinates is the set of transform errors. The root mean square (RMS) error is

11
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calculated from this error set at decision node 38. If the RMS error is less than two
feet, then the image database is accurately located. If not, the steps represented by
boxes 32-38 are repeated until the desired RMS error is achieved, of course, RMS
errors greater or less than two feet are also contemplated to be within the scope of
exemplary embodiments of the present invention. As an example, the steps repeated
by boxes 32-38 would be to incorporate additional GPS reference points wherein the
data obtained at these points is survey grade GPS data. By using the RMS error
calculation the end user is provided with standard deviation to determine how

accurate the track layout is.

In addition and in accordance with an exemplary embodiment, sections of the rail
yard tracks or areas will be defined in the database according to rail yard name
designations or processing steps associated with these track or tracks. Non-limiting
examples of these processing steps include train arrival; classification of rail cars;
locomotive service; rail car repair; rail car inspection and non-limiting name
designators include: run-through service area track 1, receiving yard track 55,
_ classification yard track 39, departure yard track 89, storage and receiving yard
overflow track 53, receiving yard track 81, locomotive parking track 99, etc. This is
shown as step 40. Accordingly, the database now comprises name designators and
processing steps associated with specific track segments wherein this information will
be used to provide a graphical indication of the area and task being performed by an
asset by merely receiving the GPS coordinates of the asset (e.g., asset coordinates
place it in a location for example the classification yard thus, a graphical display caﬁ
in this instance, provide the following text: “Engine X in classification yard

performing ...”).

Referring now to Figure 2 and in an exemplary embodiment and when aerial
photographs of sufficient quality are not available, a yard locomotive is outfitted with
a recording, survey-grade GPS unit (illustrated by box 50) wherein survey-grade GPS
techniques such as Real Time Kinematic GPS (RTK GPS) are used for this effort. In
this embodiment, the receiving antenna is located above the center of the track, as
near as possible to the pivot axis of the front or rear truck of the locomotive. This
outfitted locomotive is then run over every section of rail in the rail yard at least once,
12
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while an accurate latitude, longitude pair is recorded every few seconds (box 52).
Alternatively, differential GPS systems may be employed to provide the same degree

of accuracy.

Thereafter, a program at box 54 takes this GPS database and fits line segments to all
of the time sequenced latitude/longitude pairs. Where two diverging line segments
meet a third segment, the point of intersection is a switch, and all switch locations are
recorded. This is illustrated by box 56 wherein all connected lines between switches
become track segments. Connectivity of tracks and switches, and classification of
switch track segments as Incoming, Outgoing Main and Outgoing Diverted are
performed as above in the aerial photography embodiment. In addition, and in either
embodiment each of the rail tracks in the database can be provided with name
designators, wherein the name designators match those used by the field personnel of
the rail yard as well as the processing steps associated therewith. Thus, when an
individual (Carman) calls in from a radio and mentions a problem on track “NAME”
the central control unit may be used to call up a visual presentation of the that track or

specific segment or specific area of the rail yard.

In addition and as with the aerial photography embodiment, sections of the rail yard
tracks or areas will be defined in the database according to rail yard name
designations or processing steps associated with these track or tracks. This is shown
as step 58. Accordingly, the database now comprises name designators and
processing steps associated with specific track segments wherein this informat’ion will
be used to provide a graphical indication of the area and task being performed by an

asset by merely receiving the GPS coordinates of the asset.

A rail track database is now available for use by the central control unit or computer
74 and in accordance with an exemplary embodiment and referring now to Figure 3
an implementation of a track database in accordance with an exemplary embodiment
of the present invention is illustrated. As used herein, the track database refers to the
database constructed in accordance with exemplary embodiments of the present
invention (e.g., aerial photography digitized to latitude and longitudinal coordinates

with corrections or a database compiled solely from GPS signals received by a vehicle
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as it traverses the rail yard tracks). The database will comprise machine readable data
corresponding to the location of all track segments within the rail yard. In addition,
the database will also comprise rail yard processing steps associated with each portion
of the track layout. These rail processing steps describe the various operations and
jobs which may occur on that section of track or about a switch machine. In one
embodiment, rail yard assets are associated with specific processing steps, wherein
the association of the rail yards assets is based upon a tracking history of the rail yard
assets. Such an embodiment utilizes stored, historical data of the asset’s location and
the possible job functions at each previous location. In accordance with an exemplary
embodiment a rail yard asset is equipped with some means of determining its location,
such as GPS reception by a GPS receiver as well as a means for transmitting the
signal to the central control unit. Alternative location means in which the asset’s
location is determined remotely using information transmitted from or collected by
the asset may also be used. Examples of such alternative location systems include so-
called Real-Time Locations Systems (RTLS) such as those offered by companies
including WhereNet, Ekahau and AeroScout. These RTLS solutions are accurate to
approximately 10 feet to 10 meters.. The location determination has some amount of

€ITor.

The asset illustrated by box 70 transmits its location information in real time via a
signal 72 to a central control unit 74. It is, of course, understood that signal 72 may
be transferred via a plurality of transponders, receivers, transmitters etc. disposed
between the transmitter of the asset and a receiving\antenna of the central control unit.
Alternatively, the signal is transmitted directly to a receiver of the central control unit
or both methods are employed. As used herein “real time” is intended to cover
immediate or within a predetermined time period such that the signal is received in a
sufficient amount of time for presentation and observation via the graphical display
such that a rail yard manager may use this information to determine, which asset is
most logically or most economically suited for a particular task. One non-limiting
time period is less than two minutes. Of course and as applications require, periods

greater or less than two minutes may be used with exemplary embodiments of the

present invention.
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In an alternative exemplary embodiment, the asset itself is tracked by a tracking
system employing a network of: AEI readers; computer interpreted video signals, or
equivalents thereof wherein a geographical position signal of the asset is obtained and
transmitted to the central control unit. Thus, the signal does not come directly from
the asset as the asset itself is tracked. A non-limiting example of one such system is
described in U.S. Patent No. 6,637,703, the contents of which are incorporated herein
by reference thereto. In this embodiment, the signal would need to be converted to
be comparable to the machine readable data of the track database wherein a graphical
representation would be provided in accordance with exemplary embodiments of the

present invention.

By comparing the received signal to the track database the central control unit can
then provide a spatial representation of the asset relative to the rail yard tracks by
placing a representation of this asset as an overlay on the display of the tracks and
switches of the database at a location corresponding to the received asset location
coordinates. This display representation also conveys the yard process step being
performed by the asset. The yard process step represents the active task in which the
asset is engaged and may be shown as a listing of all yard process steps associated
with the track at the asset’s location or as a single yard process step based on
historical data of the asset’s previous and current locations. This display is illustrated
schematically by block 76, which in an exemplary embodiment comprises a graphical
display on a computer monitor showing the asset, its location and the tasks vbcing
performed, wherein the task being performed can be determined by accessing data
corresponding to tasks previously performed at that segment of track, or the history of

the tasks performed by this asset.

Because there may be some error in the location coordinates, the resulting display
may not be exact (e.g., usage of non-survey grade GPS equipment or RTLS location
systems, wherein there standard of error may be on the order of feet). In the case of
using non-survey grade GPS equipment for location of the asset, this error may be as
much as 20 or 30 feet, but is usually 5 to 10 feet. Where railroad tracks are close
together (13.25 feet), the placement error may be one or even two tracks from the

correct location.
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However, if the asset being tracked is a locomotive, then there is an additional
constraint in the received data that the correct location of the asset always corresponds
to a railroad track. Accordingly, a computer program of the central control unit uses
past tracking information, which is stored in a database 78 (illustrated schematically)
of that particular asset wherein the GPS data and associated tasks of past tracking
information is used to determine which track the locomotive is on as well as what
yard process steps it may typically be associated with as described herein associated
tasks as well as track name designations are initially inputted manually to the database
during in its creation and thereafter updated as the yard engine performs tasks (e.g.,
history), which is inputted by yard personnel. Thus, the database is updated and a
history for the asset is created. The program then corrects for this error in the GPS
data and places the representation of the locomotive on the correct rail, at the point

closest to the reported location (again illustrated schematically as box 76).

In accordance with an exemplary embodiment and in order to provide more accurate
position data from assets, differential pseudorange corrections may also be provided
to the individual GPS receiver units. This differential GPS (DGPS) approach
provides improved accuracy over standard GPS. Differential corrections may be
obtained from the Nationwide DGPS network operated by the United States Coast
Guard, from a reference base station installed at the rail yard (illustrated schematically
as box 80), from commercial providers, via the Internet, or from the Federal Aviation
Association’s WAAS satellite system. Differential corrections are transmitted (arrow
82) to each of the mobile assets using radio links, such as 802.11b wireless local area
networks. The same radio network is used to collect GPS position estimates from

each node at the central control room.

Thus, corrections of the GPS asset data can be implemented by one of both of the
aforementioned processes. In accordance with an exemplary embodiment, the display
of assets relative to the track database may also be overlaid upon the aerial
photographs of the rail yard (e.g., the aerial photograph is displayed on a screen or
monitor and movement of the asset along the track is illustrated). In this embodiment,
multiple user-interface displays, accessing the common database are possible where
each interface is controlled by different rail yard operators. In addition, a metric
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relating to the confidence in correct track association is provided to the end-user.
Such a metric could be based on the ratio of standard deviation in location estimate to
track spacing. An alternate metric could be based on the normalized deviance

between a set of filtered location positions and the associated track.

Referring now to Figure 4, a schematic illustration of a display 90 showing a rail yard
associated asset 92 its location 94 and its active yard process step 96 is provided. The
active yard process step may be displayed as a text string or as a representative icon or
color. Also shown are multiple displays, which may show other locations of the rail
yard (i.e., smaller images of the rail yard) or may represent displays at different
control locations within the rail yard. In accordance with an exemplary embodiment,
the central control unit has access to the rail yard database (e.g., either compiled from
aerial photography or GPS data) and a wireless network 98 is used to capture the real
time GPS position information from GPS devices 100 located on rail yard assets. In
one exemplary embodiment, the network may be a local area network set up within
the confines of rail yard. In addition, and in an alternative exemplary embodiment the
network can also be extended to capture input from rail car inspectors (i.e. Carmen)
using handheld computer terminals with wireless network interfaces (illustrated

schematically as box 102).

In accordance with an exemplary embodiment, and during rail car inspection, a
Carmen may identify rail cars in need of repair. These so-called “bad order” cars can
be identified and their location reported by the Carmen. The Carmen may use
handheld computer terminals with GPS and wireless network interfaces to locate the
bad order car. Again, this is illustrated by box 102. This location is conveyed to the
central database system and displayed for yard operations. Such an asset is identified
as an “associated” asset because it cannot move on its own, but is associated with an
engine as it moves throughout the rail yard. Moreover, such an asset may not have a
GPS device thus, and in this case, the Carmen may identify the associated asset as
being for example, four cars away from the locomotive pulling the asset within the
rail yard. Thus, we know the approximate distance of four car lengths and the display
system can be configured to place an indicator approximately four car lengths away
from the moving indicator of the locomotive asset and therefore as the location of the
17
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asset moves so does the indicator of the associated asset at its predetermined distance
away from the locomotive. A non-limiting example of an associated asset 104 is
illustrated on the display. Accordingly, real time track of a non-locomotive asset is

provided.

Other associated assets of interest include refrigerator cars, cars carrying hazardous
material, cars carrying high-value items, cars deemed to be related to national
security, or cars which have dwelled in the car for some amount of time (i.e. “late”
cars). These cars could be manually identified by Carmen or could be recognized by
AEI readers (e.g., locating an AEI reader on the car itself). Their location relative to
the engine or other rail cars is conveyed by the Carmen or by the AEI reader data to

the control database for display to rail yard personnel.

Referring now to Figure 5, a non-limiting graphical presentation of a track layout
database 108 compiled in accordance with an exemplary embodiment is illustrated.
As illustrated, a plurality of track segments 110 and switches 112 are shown. The rail
yard is defined by a boundary 114 and an asset (rail yard locomotive) 92 is shown
graphically, wherein the position of the asset is determined by receiving GPS data and
comparing it .to a database of data corresponding to the rail yard track in order to
provide the graphical representation. In addition, and as previously mentioned a
graphical indication of the associated task being performed is provided by another
representation 96, which could in this example provide text indication that “yard
locomotive X” is trimming rail cars in the classification yard. Also shown is a
reference base station 80, which may or may not be in the rail yard and a yard
headquarters 115 wherein the central control unit or units and the
receivers/transmitters are positioned to receive signals from the GPS units on the

assets traveling through the yard.

Referring now to Figure 6, another non-limiting graphical presentation 118 of a track
layout database compiled in accordance with an exemplary embodiment is illustrated.
Here the graphical representation was created from aerial photographs and as
discussed herein the user digitizes all switches and track segments in the rail yard. As

illustrated, regions 130 are defined and switches are digitized as a single point 138,
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and are represented on the display image overlay by a diamond symbol or any other
equivalent symbol centered on the switch location and the endpoints 140 of all track
segments 142 are associated with the closest switch in the database. Each track
segment 142 is then connected to two switches, and each switch is connected to one,

two or three track segments.

Thereafter, a program takes this set of digitized tracks and switches and performs step
24 of Figure 1. A non-limiting example of some database information and/or

computer code is provided below:
Track segments track(n).

x(m) path position in East longitude (negative in the USA) increasing going east
y(m) path position in North latitude increasin g going north

swl index of switch at start of path (track(n).x(1), track(n).y(1)) (0 if not yet
assigned) '

sw2  index of switch at end of path (track(n).x(end), track(n).y(end)) (O if not yet
assigned)

name any special yard designation for this track segment

Ing length of this track segment in quarter meters (useful during image overlay)
Swtchs a useful vector equal to [sw1 sw2]

Example:

track(2).x: [-50.7566 -50.7563 -50.7559 -50.7490 -50.7488 -50.7484]
track(2).y: [27.7685 27.7685 27.7686 27.7687 27.7687 27.7686]
track(2).swl: 2

track(2).sw2: 3

track(2).name: 'East Class 17

track(2).lng: 2.7233e+003 (note: this is 681 meters or 2234 feet)
track(2).swtchs: [2 3]

Switches swtch(i).

X position in East longitude (negative in the USA) increasing going east
y position in North latitude increasing going north

tracks(3) 3 integers, main in, main out, divert out track segment indices

name any special yard designation for this switch

Example:

swtch(2).x: -50.7566
swtch(2).y: 27.7685
swtch(2).name: "
swtch(2).tracks: [4 3 2]
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Boundaries  boundgj).

x(m) boundary path position in East longitude (negative in the USA)
increasing going east

y(m) boundary path position in North latitude increasing going north

name any special yard designation for this bounded area

Example:

bound(2).x: [-50.7969 -50.7965 -50.7954 -50.7938 -50.7897 -50.7853 -50.7826
...
bound(2).y: [27.7678 27.7665 27.7665 27.7666 27.7669 27.7671 27.7672

o]
bound(2).name: 'West Departure Yard'

Accordingly, a technical effect or effects of exemplary embodiments of the present
invention provide a means of creating, correcting and using an accurate database of
track locations in a rail yard from either aerial photography or Global Position System
(GPS) data acquisition, wherein the database is located in a control room of a rail yard
wherein a computer or controller of the system receives data from an asset within the
rail yard. The data of the asset is GPS data comprising coordinates comparable to the
coordinates of the database and the computer compares the asset coordinates to the
track database and thereafter a visual display of the asset is provided. Moreover,
exemplary embodiments of the present invention use this information to locate the
asset to a particular track or area of the rail yard to identify the current activity of the
asset given yard process steps associated with that track or area of the rail yard and
the display will also include a graphical representation of the yard area or track
designation and the yard processing steps performed there or previously performed by
the asset (e.g., a yard locomotive).’ Accordingly, exemplary embodiments of the
present invention allow for fast, simple and low cost methods of creating an accurate

track location database for a rail yard.

As described above, algorithms for implementing exemplary embodiments of the
present invention can be embodied in the form of computer—implerriented processes
and apparatuses for practicing those processes. The algorithms can also be embodied
in the form of computer program code containing instructions embodied in tangible
media, such as floppy diskettes, CD-ROMs, hard drives, or any other computer-

readable storage medium, wherein, when the computer program code is loaded into
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and executed by a computer and/or controller, the computer becomes an apparatus for
practicing the invention. Existing systems having reprogrammable storage (e.g.,
flash memory) that can be updated to implement various aspects of command code,
the algorithms can also be embodied in the form of computer program code, for
example, whether stored in a storage medium, loaded into and/or executed by a
computer, or transmitted over some transmission medium, such as over electrical
wiring or cabling, through fiber optics, or via electromagnetic radiation, wherein,
when the computer program code is loaded into and executed by a computer. When
implemented on a general-purpose microprocessor, the computer program code

segments configure the microprocessor to create specific logic circuits.

These instructions may reside, for example, in RAM of the computer or controller.
Alternatively, the instructions may be contained on a data storage device with a
computer readable medium, such as a computer diskette. Or, the instructions may be
stored on a magnetic tape, conventional hard disk drive, electronic read-only memory,
optical storage device, or other appropriate data storage device. In an illustrative
embodiment of the invention, the computer-executable instructions may be lines of

compiled C++ compatible code.

In accordance with exemplary embodiments of the present invention the central
control unit may be of any type of controller and/or equivalent device comprising
among other elements a microprocessor, read only memory in the form of an
electronic storage medium for executable programs or algorithms and calibration
values or constants, random access memory and data buses for allowing the necessary
communications (e.g., input, output and within the microprocessor) in accordance
with known technologies. It is understood that the processing of the above
description may be implemented by a controller operating in response to a computer
program. In order to perform the prescribed functions and desired processing, as well
as the computations therefore, the controller may . include, but not be limited to, a
processor(s), computer(s), memory, storage, register(s), timing, interrupt(s),
communication interfaces, and input/output signal interfaces, as well as combinations

comprising at least one of the foregoing.
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While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the 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
essential 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.
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CLAIMS
What is claimed is:
1. A method for tracking assets within a rail yard, comprising:

creating a track layout database for the rail yard, the track layout database
providing a map of rail tracks and switches within the rail yard, wherein the
track layout database includes machine readable data identifying discrete
locations of the rail tracks and switches of the rail yard, each discrete location

corresponding to a geographical position of a portion of a rail track or switch;

associating rail yard processing steps with portions of the track layout

database;

receiving a geographical position signal corresponding to a location of an

asset within the rail yard,;

comparing the geographical position signal to the machine readable data of the
track layout database in order to identify the location of the asset within the

map; and

displaying the map with a graphical presentation of the location of the asset
and an indication as to the rail yard processing steps conducted on the track
occupied by the asset, wherein the geographical position signal is received
within a time period to allow the graphical presentation to be used in a

management decision corresponding to the asset.

2. The method as in claim 1, wherein the step of creating the track layout
database further comprises using aerial photography to provide a
photographical image of the rail tracks and switches, wherein the discrete
locations of the rail tracks and switches are created by selecting points on the
photographical image to create the machine readable data using image

processing algorithms, wherein the image processing algorithms cause the
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track layout database to have digitized machine readable data corresponding to

the aerial photography of the rail yard.

The method as in claim 2, wherein the photographical image is a digital
orthophoto quadrangle (DOQ) image or a computer-generated image of an
aerial photograph wherein image displacement caused by terrain relief and
camera tilt angles has been removed and a rail track segment is defined by
connecting two of the selected points along a rail track segment and a selected
switch position is further defined as including an end point of a rail track

segment.

The method as in claim 2, wherein the step of creating the track layout

database further comprises:

selecting one or more specific sites within the rail yard which are also visible

in the aerial photographs used to construct the track layout database;

collecting geospatial position data for each specific site using signals received
from at least one global positioning system receiver, the geospatial position
data being generated at each specific site via the at least one global positioning

system receiver;

comparing the collected geospatial position data for each site with a
corresponding digitized geospatial position of each site, the corresponding
digitized geospatial position being obtained from the digitized machined

readable data corresponding to the aerial photography of the rail yard;

defining a geometric transformation for the collected geospatial position data
and the corresponding digitized geospatial position data in order to minimize
errors between the collected geospatial position data for each site and the

corresponding digitized geospatial position of each site; and

applying the geometric transformation to the track layout database.
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10.

The method as in claim 4, wherein the one or more specific sites correspond to

manual switch throw machines located along the rail tracks.

The method as in claim 4 wherein the at least one global positioning system
receiver is a survey grade global position system receiver and the geometric
transformation minimizes the errors between the collected geospatial position
data for each site and the corresponding digitized geospatial position of each

site via a least square error criteria.

The method as in claim 1, wherein the rail yard processing steps include: train
arrival; classification of rail cars; locomotive service; rail car repair; rail car

inspection, and wherein the time period is less than two minutes.
The method as in claim 1, further comprising:
creating a data tracking history for the asset; and

using the data tracking history of the asset to assign the asset to one specific
rail track section and identify the rail yard processing steps performed on the

track section assigned to the asset.
The method as in claim 1, further comprising:

creating a special status map feature to integrate information from the rail yard

concerning an associated asset;
providing a geographical position of the associated asset; and
presenting a graphical presentation of the associated asset on the map.

The method as in claim 9, wherein the information from the rail yard is
provided by radio communications and the associated asset is a rail car
selected from the group consisting of: bad order cars; hazmat cars; refrigerator
cars; uniquely identified cars; and combinations of the foregoing.

{
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11.

12.

13.

14.

15.

16.

The method as in claim 9, wherein the associated asset is a rail car and the
information corresponds to a time when the rail car arrived in the rail yard and

a time duration the rail car has been in the rail yard.

The method as in claim 9, wherein the information is global positioning data
corresponding to the associated asset and the associated asset is not a rail car
or locomotive and the graphical presentation of the associated asset locates the

associated asset relative to a specific rail track within the rail yard.

The method as in claim 1, wherein the step of creating the track layout

database further comprises:

positioning a global positioning device on a vehicle configured to travel along

the tracks of the rail yard;

generating a plurality of signals corresponding to geographical positions as the

vehicle traverses along the rail tracks within the rail yard; and

recording the plurality of signals to provide the map of rail tracks and switches

within the rail yard.

The method as in claim 13, wherein the vehicle travels along the tracks of the

rail yard numerous times to provide the map.
The method as in claim 1, further comprising:

providing name designators for the rail tracks, wherein the name designators

match those used for the rail tracks at the rail yard.
A system for tracking assets within a rail yard, the s ystem comprising;

a track layout database for the rail yard, the track layout database providing a
map of rail tracks and switches within the rail yard, wherein the track layout
database includes machine readable data identifying discrete locations of the
rail tracks and switches of the rail yard, each discrete location corresponding to

a geographical position of a portion of a rail track or switch:;
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17.

18.

19.

a plurality of positioning devices configured to generate geographical position
signals corresponding to locations of a plurality of assets within the rail yard;

and

a computer system, configured to receive and compare the geographical
position signals to the machine readable data of the track layout database in
order to identify the location of the plurality of assets within the map and
present a graphical presentation of the location of the plurality of assets and the
rail yard process tasks performed at the track location occupied by the asset on

the map.

The system as in claim 16, wherein the geographical position signals are

transmitted wirelessly.

The system as in claim 16, wherein the track layout database is created from
aerial photography of the rail yard and the discrete locations of the rail tracks
and switches are created by selecting points on the map to create the machine
readable data using image processing algorithms, wherein the aerial
photography provides a photographical image of rail tracks and switches in the
rail yard and the photographical image is a digital orthophoto quadrangle
(DOQ) image or a computer-generated image of an aerial photograph wherein
image displacement caused by terrain relief and camera tilt angles has been

removed.

The system as in claim 18, wherein the track layout database is created by the

method comprising:

selecting one or more specific sites within the rail yard which are also visible

in the aerial photographs used to construct the track database;

collecting geospatial position data for each specific site using signals received
from at least one global positioning system receiver, the geospatial position
data being generated at each specific site via the at least one global positioning

system receiver;
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20.

21.

22.

23.

comparing the collected geospatial position data for each site with a
corresponding digitized geospatial position of each site, the corresponding
digitized geospatial position being obtained from the digitized machined

readable data corresponding to the aerial photography of the rail yard;

defining a geometric transformation for the collected geospatial position data
and the corresponding digitized geospatial position data in order to minimize
errors between the collected geospatial position data for each site and the

corresponding digitized geospatial position of each site; and
applying the geometric transformation to the entire track layout database.

The system as in claim 19, wherein the geometric transformation minimizes
the errors between the collected geospatial position data for each site and the
corresponding digitized geospatial position of each site via a least square error

criteria.
The system as in claim 16, wherein the track layout database is created by:

positioning a global positioning device on a vehicle configured to travel along

the rail tracks of the rail yard;

generating a plurality of signals corresponding to geographical positions as the

vehicle traverses along the rail tracks within the rail yard; and

recording the plurality of signals to provide the map of rail tracks and switches

within the rail yard.

The system as in claim 16, wherein the graphical presentation of the location
of the plurality of assets on the map also includes a presentation of the rail
yard process tasks conducted on or about the track segment occupied by each

of the plurality of assets.

The system as in claim 16, wherein the computer system creates a data

tracking history for at least one of the plurality of assets; and the computer
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24,

25.

26.

27.

28.

system uses the data tracking history to assign the asset to one specific rail

track.

The system as in claim 16, wherein the computer further comprises a storage
medium encoded with machine readable computer program code, the storage

medium including instructions for causing the computer to implement a

method comprising:

creating a special status map feature to integrate information from the rail yard

concerning an associated asset;
providing a geographical position of the associated asset; and
preseﬁting a graphical presentation of the associated asset on the map.

The system as in claim 24, wherein the information from the rail yard is
provided by radio communications and the associated asset is a rail car
selected from the group consisting of: bad order cars; hazmat cars; refrigerator

cars; uniquely identified cars; and combinations of the foregoing.

The system as in claim 24, wherein the associated asset is a rail car and the
information corresponds to the time that the rail car has arrived in the rail yard

and how long the rail car has been in the rail yard.

The system as in claim 24, wherein the information is global positioning data
corresponding to the associated asset and the associated asset is not a rail car
or locomotive and the graphical presentation of the associated asset locates the

associated asset relative to a specific rail track within the rail yard.

The system as in claim 22, wherein

presenting a graphical presentation of the location of the asset on the map,
wherein the geographical position signal is received within a time period to
allow the graphical presentation to manage the asset, wherein the rail yard

processing steps include: train arrival; classification of rail cars; locomotive
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service; rail car repair; rail car inspection, and wherein the time period is less

than two minutes.

30



WO 2007/078704 PCT/US2006/047306

1/4
| DOWNLOAD HIGH-RESOLUTION ARRIAL PHOTOGRAPHY OF THE RAIL YARD TO A LOCAL IMAGE DATABASE ONACOMPUTER
Y
| BRING IN PORTIONS OF THE ARRIAL IMAGES AND DISPLAY THEM AT mcumcnmcmouonmcommmom'rﬂj
¥
| USEMOUSE OR OTHER EQUIVALENT DEVICE 70 POSFTION A CURSOR ONTO A TRACK OF THE DISPLAY WHEREINTHE CURSOR | X
IS THEN MANUALLY MOVED ALONG THE CENTER OF THE TRACK AND THE MOUS i5 CLICKED IN SEVERAL LOCATIONS SPACED
ALONG THE TRACK. AS ACH LOCATION IS CLICKED ON, THE COMPUTER DRAWS A STRAIGHT LINEOVERLAYING THE MAGE, | 16
"0 SBOW TFE USER THAT TRE TRACK PATH HAS BEEN RECORDED. BY FOLLOWING ALONG THE CENTER OF THE TRACK A MORE L)
ACCURATE REFRESENTATION OF THE TRACK LOCATION S PROVIDED. THE COMPUTER THEN RECORDS THE SEQUENCE OF
LOCATIONS RELATIVE T0 THE IMAGE WHERE THESE CLICKS OCCUR. THIS SEQUENCE OF (X.Y) COORDINATES THEN BECOME
A PIECEWISE CONTINUOUS REPRESENTATION OF A TRACK SEGMENT
— —
SWITCH BETWEEN DIFFERENT PORTIONS OF THE IMACE ON THE DISPLAY ANDMAGNIFY ASNEEDED. |1 ¢
CORRECT.FOR TRANSLATION AND SCALING IN'THE TRACK LOCATION DATABASE
¥
CONTINUOUSLY DISPLAY ALL OF THE CURRENTLY DIGFTIZED TRACKS AS AN OVERLY OF THEIMAGE TO 20
SHOW WHICH TRACKS BAVE BEEN DIGFTIZED, AND WHICH HAVE NOT
Y
DIGITIZE ALL SWITCHES [N THE RAL YARD. swnmsmmcmzmmsmcmom moae | o
REPRESENTED ON THE DISPLAY IMAGE QVERLAY BY A SYMBOL CENTERED ON THE SWITCH LOCATION 24
) '

sommoucammmsn,wmmmmmmsommcxmmmmcmmwrmmausmsmcummmnmsg
BACE TRACK SEGMENT 15 THEN CONNECTED T0 TWO SWETCHES, AND EACH SWETCH IS CONNECTED 70 ONE, TWO OR THREE TRACK SEGMENTS

POES DIGITIZATION OF STEP

24 COMPLY WITH RULES
: 1

[ DIGITIZE AND DEFINE BOUNDARIES }~—-30
) (32
[usscrsmummmwcmmcmmopmwmmmonmmmowmmmmmwmmmmm J
Y 34

OVERIAY THE SURVEY OF GPS LOCATIONS OF THE REFERENCE SWITCHES ON TOP OF THE RAIL YARD IMAGERY. PLACEMENT | )
OF THE OVERLAYS IS DONE USING THE APPROXIMATR LATITUDE LONGITUDE INFORMATION FROM THE IMAGE SOURCR
¥
RUN A LEAST SQUARES FIT FOR A TRANSFORMATION MATRIX TO TRANSFORM AND DIGITEZED POINTS INTO THE SURVEY EATTTUDR/LONGITUDE,
EACH DIGITIZED POINT IS THEN TRANSFORMED BY THIS MATRIX AND THE DIFFERENCE BETWEEN THE TRANSFORM GENERATED LATITUDE/
LONGITUDE COORDINATES ANDTHE SURVEY GPS GENERATED MWUDEIIDNGITUDE COORDINATES ARE THE SKT OF TRANSFORM ERRORS

_Figure 1

{ ASSOCIATE NAME DESIGNATIONS AND PROCESSING STEPS WITH TRACK SEGMENTS |~—- 40




WO 2007/078704 PCT/US2006/047306

2/4
48
'f- r—50
OUTFIT YARD LOCOMOTIVE WITH A RECORDING, SURVEY-GRADE GPS UNIT WHEREIN SURVEY-GRADE GPS

TECHNIQUES OR DIFFERENTIAL GPS TECENIQUES ARE USED TO GENERATE SIGNALS AS THE
LOCOMOTIVE TRAVELS ALONG THE TRACK

:

RUN THELOCOMOTIVE OVER EVERY SECTION OF RALL YARD ATLEASTONCE, | /-2
WHILE AN ACCURATE LATITUDE, LONGITUDE PALR 1S RECORDED EVERY FEW SECONDS

, (4
| TAKE GPS DATABASE AND FIT LINE SEGMENTS TO ALL OF THE TIME SEQUENCED LATITUDELONGITUDE PAIRS |
5
, (3

DETERMINING AND RECORDING ALL SWITCH LOCATIONS BY DETERMINING WHERE TWO
DIVERGING LINE SEGMENTS OF THE RECORDED DATA MEET A THIRD SEGMENT CREATING A
POINT OF INTERSECTION AND RECORDING THE POINT OF INTERSECTION AS A SWITCH

4
| ASSOCIATE NAME DESIGNATIONS AND PROCESSING STEPS WITH TRACK SEGMENTS | ~— 58

Figure 2
P 1 82
| REFERENCE BASE | -
| STATION |
e d . |
; .
:} ASSET
80
72
ccu
DATABASE : = ~_-74
T 76
> )
10 OR 48 78
PLACING A REPRESENTATION OF ASSET
AS AN OVERLAY ON THE DISPLAY OF THE
: TRACKS AT A LOCATION CORRESPONDING TO
_Elgll re 3 THE RECEIVED ASSET LOCATION COORDINATES




PCT/US2006/047306

WO 2007/078704
3/4
I’ r““,‘-‘—"'_“‘_—.rﬁ
0. '; R ) o e
'/ jﬂ GPS 100
94 ! "GPS 100
1
96—J i GPS 100
K GPS +—100
90\/‘E~\ ‘ i l-‘ e
ccu — !
90 L.<14
| Figure 4
- b
114 16 OR 48 168 110
132 1}0
7 4 A 7 108
s gy 7
{50 NUNTROIGKSERICEARES .0
110 RECEIVING SUBYARD / 174 :
LN .
110 AN
@ ¥ DEPARTURESTBYARD
STORAGEATD . —7 110 _
'RECEIVING SUBFARD ¥ , : 115
OVERFLOW . : ! ,
LOCOMOTIVEPARETNG
VARD HQ
=/ Figure 5

DIESRLSHOP ~—170



PCT/US2006/047306

WO 2007/078704

4/4

9 a3

spapbucy a3 0 enasiag
{ ! I T I I T
= - 0€1
. ..\ﬁ\lr!.lll./ ) e .
A = =
/\\ — ==
/ ‘ 4 . / ; \\\.“\\\ =
7 = e ~ =

SSVEVIVE AHYONNOR GNY HOLIMS YAVl GUVA dNnH |

SPOmET YO jo sonBag



	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 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings

