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(57) Abstract

A system for alerting the crew of a rail vehicle (104, 106, 108) of the proximity of one or more other rail vehicles (104, 106, 108) is
disclosed. The system includes a receiver (202) for receiving a signal from which the position of the rail vehicle (104, 106, 108) may be
determined and a communication device (206) for receiving position information transmitted by other rail vehicles (104, 106, 108) operating
in the area. The communication device (206) also transmits the vehicle’s position to other equipped rail vehicles (104, 106, 108) operating
in the area. A computer (210), operatively coupled to the receiver (202) and the communication device (206), determines the proximity
and movement of other rail traffic in a selectable area based on the position of the rail vehicle determined by the receiver (202) and the
position information received by the communication device (206). The computer (210) may then communicate this information to the crew
via a user interface (212). :
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TRAIN PROXIMITY ALERTING SYSTEM

BACKGROUND OF THE INVENTION

The present invention genérally relates to railroad collision
avoidance systems, and more particularly to a system for alerting the crew
. of a rail vehicle such as a train, maintenance-of-way vehicle, or the like of
‘the proximity and movement of other rail traffic in the area so that the
crew-may take appropriate action if necessary.-

In railroad- operating environments, safe movement -of rail vehicles
such.-as: {rains; jocomotives; :maintenance-of-way- vehicles, -or the like ‘is
typically-based-an the:concept.of maintaining: a ;safe separation distance
between. each vehicle: - Safe séparation.distance.is usually maintained by
assigning each rail vehicle a limited authority of movement along a given
- section- of track.: This.authority-is communicated. to: the. train.-crew via
‘wayside- equipment comprisirig'-:a series - of ~signalsaand switches -placed
along the track and controlled by a dispatcher centrally located in a control
center. or office. Preferably, the dispatcher monitors the movement of
trains along the track and controls the signals and switches. accordingly to
ensure each train does not exceed its authority limit. Authority limits may
further be: communicated to the train crew by means of a two way radio
link between a dispatcher and the crew.

Séfe train separation is based on the assumption that all train
movement authorities have been issued and are being acted upon with no
errors and that the wayside signal system is functioning flawlessly. Due to
human error, equipment malfunction, or the like, however, a rail vehicle
may at times inadvertently ‘exceed its authority limit. When this happens,
the possibility exists for collision between two or more trains or a train and

a maintenance-of-way vehicle. Further, the crew of a given train is not
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usually aware of other rail vehicles in close proximity to their train.

Consequently, the crew often can not be aware of a human or equipment

error which may place them on a collision course with another vehicle.

. -True train- collision avoidance _(or global authority. enforcement)

requires wvitalon-board knowledge of -authority limits; -switch - position,
.current ‘location -and train. make-up. However,-such- a system-may:be:
-extremely: costlysand difficult to:develop and:implement.: ~Therefore,vit:is:
desirablerto::imprave -the -safety:of :railroad - ‘operations --by - raisingthe:.
awareness-of a:teain.crew. or the operator of:a:maintenance-of-waysvehiclex
.of. the proximity..and. movement of other.rail.traffic so that appropriate..
action may be taken.if.necessary. to prevent a collision... It.is also highly-
.desirablecto. automatically. stop:a train.if the:train crew: has-not.confirmed:
-the: physical-separation-of -other rail traffic-from: their-train .within: & given
distance from that traffic.
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SUMMARY OF THE INVENTION

Accordingly, the present invention provides a novel system for
alerting the crew of a rail vehicle such as a train, locomotive,
maintenance-of-way vehicle, or the like, of .the proximity of other .rail
vehicles in the surrounding area. The system comprises a receiver for
receiving ":a-signal -from which: a position of -the rail vehicle:may-be*
-determined- and::a communication device,; such~asa radio frequency:
transceiver, -for -example, for receiving position information transmitted
_from.ether rail :vehicles in the area. - A.computer is operatively coupled:to-
_the.receiver.and the communication device for determining the proximity.
and movement. of other rail vehicles utilizing the position determined by
the .receiver and-the position information received:by the.communication
device:- -~ Auser interface :is -operatively coupled-to thecomputer: for
communicating the proximity and movement of other rail vehicles within a
selectable area to the.crew. Wherein the rail vehicle is a train,.the system.
may be operatively coupled to the train’s brake system for automatically
‘'stopping -the-train if the train .crew has not confirmed ‘the :physical
separation of other rail traffic from their train within a given distance from
that traffic.

it is to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory only
and are not restrictive of the invention claimed.

The accompanying drawings, which are incorporated in and
constitute a part of the specification, illustrate an embodiment of the
invention and together with the general description, serve to explain the

principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
The numerous objects and advantages of the present invention
may be better understood by those skilled in the art by reference to the
accompanying figures in which:

- FIG. 1 illustrates a typical railroad operating environment wherein
the rait vehicles .operating in the environment are each equipped with the
proximity alerting 'system according -to:an exemplary embodiment of the-
present invention;.

FIG::2 is a block-diagram depicting apparatus for implementing-the-
system shown in FIG. 1 in the locomotive of a train;

. FIG. 3.is a block diagrcm depiéting apparatus for implementing the
system.shown in FIG. 1.in a.maintenance-of-way vehicle; -

FIG. 4-is an-overhead view illustratingﬁthe relative position of trains*
operating within a railroad operating environment; -

FIG...5 .illustrates -a. display employed by the present .system to
communicate train proximity information to the crew of a rail vehicle;

FIG. ‘6-illustrates a display employed .by the present system to.
communicate train proximity information to the: crew of a rail vehicle; and-

FIG. 7 is a block diagram depicting apparatus for modifying a train
control system to provide the train proximity alerting system of the present

invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
Reference will now be made in detail to the presently preferred
embodiment of the invention, an example of which is illustrated in the
accompanying drawings. |
- Referring -nowto FIG. 1, a typical railroad operating environment is
.shown. wherein: rail vehicles operating in the environment-are ‘equipped -
awith -a:proximity alerting system according to an-exemplary embodiment.-of :
«the present:invention.:: The railroad operating-environment.100-preferably -
<. comprises.one-oF more.sections of railed track:102-on-which-one:or:more-
- rail vehicles _may..operate.a{ any. given time.. -Such _-rail. vehicles -may .
include all on-track and off-track equipment.typically . assaociated with the
-operation:and: maintenance of a.railroad. suchas;. for: example, trains. 104 -
& v.=-1-06='and:-.:maintenance=of—way .or. hy-rail= vehicles:-108:: :The- proximity:
-alerting system of the present invention provides:a method and apparatus
for.alerting.the: crew of each rail vehicle 104,.106.& 108 .of the proximity of
other rail traffic within a selectable area surrounding the rail vehicle so that
- the crew may take.appropriate action if necessary:=
Eachvrail vehicle 104,106 & 108:may receive a ‘signal from-which::
.the rail wvehicle's - position, velocity, and direction -of :travel ‘may:-be...
determined. Preferably, each rail vehicle 104, 106 & 108 periodically
transmits its determined position, velocity, and direction of travel along
with its vehicle identification to all other rail vehicles operating within range
of transmission. Each rail vehicle 104, 106 & 108 may aiso receive
position information periodically transmitted from other rail vehicles
operating within the railroad operating environment 100. This position
information may include the other rail vehicles' identification, location,

-5
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velocity, and heading or direction of travel. For example, as shown in
FIG. 1, train 104 may receive position information transmitted by train 106
and maintenance-of-way vehicle 108, train 106 may receive position
information transmitted by train 104. and maintenance-of-way vehicle 108,
‘and maintenance-of-way vehicie 108 may receive position information-
Aransmitted-by-#5ains~104-and 106. -Each rail vehicle 104, 106 &:108 may*
then.-calculate: the-istraight -line- distance -between it and the -other.rail:
aehicles from which-position-infermation has been received: -For example;*
.as. shown:in FIG. -4x-train 104: may- calculate . the .distance. between.,tﬁain p
104 and train 106 and between train 104 and maintenance-of-wayxehicle.
108, train 106 may calculate the distance between train 106 and train 104
and--between - train- 2106 - and.: maintenance::of zway vehicle:108;. and:
maintenance-of-waysvehicle 108..may- calculate ‘the - distance-.between-
maintenance-of-way vehicle 108-and trains 104 & 106. ‘
.Wherein the. rail .vehicle.is a train .104.& 106, an emergency brake. -
,application message may also be transmitted along with the position
.information in the -event that train has an emergency brake application:.In.:
an emergency: brake:application, it is possible for a train to have some of -
its cars derail. Other rail vehicles that-are approaching from:the front or.
rear of the train or are currently passing the train may be alerted to this
situation upon receiving the emergency messa'gelso that their crews may
take appropriate action to avoid a possible collision.
Each rail vehicle 104, 106 & 108 may include a user interface (see
FIGS. 2, 3, 5 and 6) for alerting its crew of the proximity and movement of
other rail vehicles operating within a selectable area surrounding that rail

vehicle so that the crew may take appropriate action if necessary. The
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user interface may provide information such as, for example, the
identification of other rail vehicles within the selectabie area, the distance
of other rail vehicles from' the crew's vehicle, the velbcity of each rail
vehicle, the heading or direction of travel of each rail vehicle, and. the
Jocation of other rail vehicles with respect to the crew's vehicle.
The.crew-of each rail- vehicle 104,.106 & 108 may periodically be -
-required to _acknéwledgé that their respective'rail vehicle*104, 106 :‘&108 -
~isznot..on a.collision course with another-rail vehicle in:the.area..zif the .
.crew-fails to :provide this acknowledgment within a. predetermined: time: of
receiving an alert of.the .proximity of the .other vehicle, the.system.may.
automatically take appropriate action until such acknowledgment is
received. -For example, wherein the rail:vehicle: is-a train:104 &.106, the
system -may-apply brakes :to slow or ~stop- the train:if-the. system
-determines that the train is approaching another rail vehicle and is within a
. predetermined. range.- Similarly, wherein the rail vehicle is a-maintenance-
.of-way vehicle 108, the system may sound the vehicle's horn if the system
. determines:that other rail vehicles are within a predetermined distance of.
. the maintenance-of-way vehicle, thereby alerting the vehicle's crew of the
‘proximity: of other rail traffic and‘ allowing the crew to take “appropriate
action. The horn may be sounded in short bursts for a predetermined
period of time, for example 15 seconds, to provide a distinguishable alert
to the crew.
Each rail vehicle 104, 106 & 108 is preferably equipped with a
receiver 110 for receiving a signal from which a position of the rail vehicle
may be determined. Preferably, the receivers are capable of receiving a

geo-referencing signal from a global positioning system in order to
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accurately geo-reference the positions of each rail vehicle 104, 106 & 108.
The global positioning system is preferably the Global Positioning System
(GPS), a space-based radio-navigation system managed by the U.S. Air
Force for the.Govemment of the United States. The Govemment
provides civilian-access to the Global Positioning System which is called
the- .Standard:+Rositioning - Service (SPS). The Standard - Positioning:
-Service is:intentionally:designed to provide a-positioning capability which -
is-less accurate thanthe positioning service provided to military operators;-
however various. .techriques. have. been. developed :to - improve:-the:.
accuracy of the civilian pbsitioning service wherein position accuracy..of
one to five meters may be achieved.

The system of the:present.invention-may be' utilized in..conjunction
-with the Global'Positionihg -System (GPS) to .accurately geo-refeience the.
position of each rail vehicle in the railroad operating- environment 100.
The .receivers. 110 may..receive-a reference signal from.a satellite :1.12
operating as part of the GPS satellite constellation. Typically, the signals
from at least:three satellites-are required to derive a coordinate position.
solution. - Further. reference signals which are not part of the government
operated GPS:system may also be used in order to compensate for. the.
degraded civilian GPS signal (which may be transmitted as an FM carrier
sublink by land based or space based locations or by an RS-232 data
bus, for example). Such correcting signals may be provided by a third-
party differential correction service provider. Other ways of correcting the
degraded civilian signal may also be utilized which do not require an
independent correcting signal to be transmitted. For exémple. signal

processing techniques such as cross correlation of the military signal and
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the civilian signal may be utilized to improve the accuracy of the civilian
signal.

Turning now to FIG. 2, a block diagram depicting apparatus for
.implementing the proximity alerting system in the locomotive.of a train is
-shown: The system 200 preferably comprises a receiver 202 and antenna
204-for receiving a signal from which .the: train's-«-pdsition -may -be.
-determined:Fhe: receiver may be'a Global :Positioning::8ystem :(GPS}.
-receiver. .capable -of receiving a geo-referencing-.signal -from:a--global
:pasitioning' system from which a geo-referenced coordinate:position -(e.g:,
latitude and -longitude) may be determined. A communication.device 206, .
such as a low powered UHF, VHF, or spread spectrum radio frequency
.(RF) transceiver-and antenna 208 may receive .position information from:
- .one:of-more-other:rail vehicles operating within a limited area surrounding
the -communication -device 206, for .example 40 - square ‘miles. The
received position. information. may include, for. example,.-the. .other rail
vehicles' identification, coordinate position (e.g., latitude and longitude),
veleeity;* heading- (i.e., direction of travel), and:for-a train; an:emergency.
brake ‘application message if necessary. The.communication device 206
andrantenna 208 may also communicate the train's. identification, position,:
velocity, and heading to other rail vehicles operating within range of
transmission. A computer 210 may be operatively coupled to the receiver
202 and the communication device 206. The computer 210 may calculate
the train's velocity and heading (i.e., direction of travel) utilizing the
position inforrﬁation from the receiver 202. The computer 210 may then
determine the proximity of (i.e., distance to) other rail vehicfes based on

the train's position, velocity and heading and the position information
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received from the other rail vehicles via the communication device 206.
The computer 210 may further provide an event recorder which
comprises a memory for electronically storing a historical record of the
movement of the train and other rail traffic detected by the system 200..
Preferably; the-crew may recall this history to assist in determining if-their-
train: may-be on:a collision.course with-another rail vehicle. The historical -
record :may :also.‘be -periodically downloaded from the computer.210.and-:
- stored;. er; - alternatively,- analyzed by railroad . officials to, for example; .
facilitate .an -accident investigation. or to.-improve the flow of rail :traffic.:
along a particular section of track.
A user interface 212 may be operatively coupled to the computer
210 to. alert_the:train's. crew .of the-proximity .of.other rail vehicles so that .
the crew may.take: appropriate- action if necessary. - Preferably, the :user:
interface 212 includes a display such as a cathode ray tube (CRT)
.display, liquid.crystal display (LCD) or the like for displayii'.\g information to
‘the crew of the train. This information may include, for example, the
velocity. and - heading of:the train, the identification of other rail- vehicles.
within. a ‘selectable -area surrounding the train, the distance of other rait
vehicles from the train, the velocity and heading of other rail vehicles, and-
the location of other rail vehicles with respect to the train (see FIGS. § and
6). The user interface 212 may further include crew input apparatus 214
such as a keyboard, keypad, touch panel overiay, or the like for accepting
input from the crew, such as acknowledgment of the proximity of other rail
vehicles and input of the train's identification. Vehicle identification 216
may aiso be directly provided by the train itself via connection to other
lead locomotive systems. An audible alert apparatus 218 such as a horn,

—-10 -
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siren, beeper, loudspeaker, or the like may be operationally coupled to the
computer 210 to provide an audible alert to the train's crew of the
proximity of another rail vehicle.

The system 200 may be operatively coupledto the brake system of
the train via a brake system interface 220. The train's crew may
periodically be required to acknowledge .via the crew input apparatus 214 -

that the train-is not on a collision course:with otherrail traffic in‘the area. -
: If:the:crew.-fails to provide this acknowledgment within-a predetermined
‘time -of-receivingan alert -of the.proximity of-another rail -vehicle, the.:
-system may automatically stop the train if the system determines that the.
train is approaching another rail vehicle and is within a predetermined"
:distance,for example, -2 -miles of that .vehicle.zz Eurther,.the..system 200~
-may*be’ disabled-by the :crew or operator-‘ when. the. maintenance-of-way :
vehicle is in yard areas where the vehicle density will be too high for the
- proximity -alerting:system to be of benefit, or if the system 200 experiences-
.a failure preventing it from functioning properly.

‘Referring-now to FIG. 3, a block diagram depicting apparatus for :
~ implementing - the - preximity alerting system-in a -maintenance-of-way -
vehicle.-is shown. The system 300 preferably' comprises a receiver 302
and antenna 304 for receiving a signal from which the maintenance-of-
way vehicle's position may be determined. The receiver may be a Global
Positioning System (GPS) receiver capable of receiving a geo-referencing
signal from a global positioning system from which a geo-referenced
coordinate position (e.g., latitude and longitude) may be determined. A
communication device 306, such as a low powered UHF, VHI"-', or spread

spectrum radio frequency (RF) transceiver and antenna 308 may (eceive

11 -
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position information from one or more other rail vehicles operating within a

limited area surrounding the communication device 306, for example a 10

mile radius. The received position information may include, for exampie,

the.other rail .vehicles' identification, position,: velocity, direction of travel,

and-for- a- train,” an emergency -brake application :message. The

- communication device -306 and antenna:308 may also communicate-the-
-maintenance-of-way- -vehicle's:: identification, - - position, ..»velocity;:-::and-
direction of =travel: to .other..rail vehicles : operating . within- range . of-
_transmission::==Preferably, -both: the: .receiver ::302 vand communication

device -306..comprise- portable -units . mountable within the cab- of - the
maintenance-of-way vehicle. .Similarly, the ahtennas 304 & 308 may be

integral . to . the:.. Teceiver 302 :.and-:: communication :device. .. 306:=orz
alterﬁatively-.»may-be- mounted-to-an-exterior surface of the maintenance=:
of-way vehicle. ,

- A computer.310, such:as.a.portable, laptop, or notebook computer;.
for example, may be operatively coupled to the receiver 302 and the
.ecommunication :device 306.~+ The computer. 310 may - calculate ‘the:
maintenance-of-way vehicle's velocity and heading (i.e., direction- of -
‘travel) - utilizing' the - position information from the receiver 302.--- The*
computer 310 may then determine the proximity of (i.e., distance to) other
rail vehicles based on the maintenance-of-way vehicle's position, velocity
and heading and the position information received from the other rail
vehicles via the communication device 306.

The computer 310 may provide a user interface to alert the
maintenance-of-way vehicle's crew or operator of the proxifnity of other

rail vehicles so that the crew or operator may take appropriate action if
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necessary. For example, the computer 310 may include a display such as
a liquid crystal display (LCD) for displaying information to the crew or
operator of the maintenance-of-way vehicle. This information may
include, for .example, the identification of other rail vehicles within a
selectable area surrounding the maintenance-of-way vehicle, the distance
of other. rail vehicles from the maintenance-of-way vehicle, the velocity of
each- rail vehicle, the heading. of each rail vehicle; and the location of all
other rail vehicles with respect to the maintenance-of-way . vehicle (see
FIGS: §:and:6). The computer 310 may.: further include :a keyboard,.
keypad,. touch panel overlay, or the like for accepting .input from the.crew
or operator of .the maintenance-of-way vehicle such as, for example,
acknowledgment of the proximity of other rail vehicles .and-.input.of the
vehicle:identification into the computer 310. Vehicle -identification 312
may-also be directly provided by the maintenance-of-way vehicle itself via
connection to other onboard systems.

The computer 310 may be operatively coupled to the horn 314 of
the : maintenance-of-way vehicle. Preferably, -the computer.~310
automatically sounds the hom 314 if it determines that tize maintenance-
of-way vehicle is approaching or being approached by another rail vehicle
and is within a predetermined distance, for example, 2 miles, of that
vehicle. F urther, the system 300 may be disabled by the crew or operator
when the maintenance-of-way vehicle is in yard areas where the vehicle
density will be too high for the proximity alerting system to be of benefit, or
if the system 300 experiences a failure preventing it from functioning

properly.
Tuming now to FIG. 4, a typical railroad operating environment
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having one or more rail vehicles operating therein is shown. The railroad
operating environment 400 may include a main track 402 on which rail
vehicles may operate. For illustration purposes, the track 402 has been
broken into straight segments in FIG. 4. However, the track 402, as
shown in FIG. 4, is intended to represent a single continuous length of
_track- which may - have both straight and curved sections therein. -
Additionally,— although a single track 402 is shown, it will be appreciated
that two or more parallel tracks may be laid adjacent to each other to
allow fail traffic: to -travel .in either direction. - The track 402 may have.
interconnected.. therewith sidings or passing tacks 404 which comprise .
shortened sections of track generally running parallel to the main track.
402. Rail vehicles such as trains 406, 408, 410, 412, 414 & 416 may: -
travel along the- main track 402 or-may be moved- off the main track-402-
onto the sidings 404 to allow other trains to pass.

Typically, safe operation of all rail vehicles in the railroad operating -
environment may be accomplished by assigning each train 406, 408, 410,
412, 414 & 416 a limited authority of movement along the track 402. This
authority is communicated to the train crews via wayside equipment such
as signals and switches placed along the ‘track and controlled by a
dispatcher who is preferably centrally located in a control center or office.
The dispatcher monitors the movement of trains along the track and
controls the signals and switches accordingly to ensure each train does
not exceed its authority limit. Authority limits may further be
communicated to the train crews by means of a two way voice radio link
between a dispatcher and the train crew. ’

Due to human error, equipment malfunction, or the like, a train may

—-14 —
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at times inadvertently exceed its authority limit. When this happens, the
possibility exists for-a collision between two or more trains or a train and a
maintenance-of-way vehicle. The present system provides a proximity
alerting system for alerting the crew of the locomotive of a train (or a
maintenance-of-way vehicle) of the proximity and movement of other rail
vehicles which-may have exceeded their authérity limit. In this manner,
the system ‘improves the safety of railroad operations by raising the
awareness of the crew of a train (or maintenance—of-wéy vehic!e) so they
may ascertain if their train (or maintenance-of-way vehicle) is on a
.collision course with another rail vehicle and take appropriate action.
As shown in FIGS. 4, § and 6, each train 406, 408, 410, 412, 414 &
416 may be assigned an identification number which may be, for example,
an identification. number given to its lead locomotive. This is illustrated in
-FIG. 4, wherein train 406 is assigned its lead locomotive identification
.number "9999", train 408 is assigned its lead locomotive identification
nurhber "7200" train 410 is assigned its lead locomotive identification _
number "8759",.train 412 is assigned its lead locomotive identification
number "7800" train 414 is assigned its lead locomotive identification
number "9248", and train 416 is assigned its lead locomotive identification
number "6803". As shown in FIG. 4, each train 406, 408, 410, 412, 414 &
416 may be traveling in the direction indicated by the arrow next to its lead
locomotive identification number.
Rail vehicles utilizing the present system may each have a user
interface which may include a display for visually dispiaying the proximity
and movement of other rail vehicles that are within a user selectabie

range. The system computer may include software for displaying
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information in both graphical and list type formats on the display. The

display may also allow the crew to recall a historical record of the

movement of their rail vehicle and other rail traffic to assist them in

determining if their vehicle may be on a collision course with another rail

vehicle. FIGS. 5 and 6 depict, for illustration purposes, exemplary display

screens 500 & 600 which may be displayed by the user interface of train-
“9999" 406 shown in FIG. 4. These display screens 500 & 600 may .
display proximity and movement information for the other trains 408, 410,

412, 414 & 418 operating within the area surrounding train "9999" 406..

Referring now to FIG. 5, a display screen having a graphical format
for displaying rail vehicle proximity information is shown. The screen 500
may. .include .a "bulls-eye” type range graphic 502 which . .may. be
segmeﬁted into radially-distributed circular bands to show rail vehicles that
‘are within a certain range. Each rail vehicle may be regresented -within
the range graphic 502 by its identification number along with an "x"
indicating its position. A tabular or list graphic 504 may be displayed
adjacent to the. range graphic 502. The list graphic 504 preferably
provides- specific information for each rail vehicle displayed by the range
graphic 502. A rail vehicle information graphic 506 may be displayed, for
example, above the range graphic 502 and list graphic 504 to provide
selected information about the crew's vehicle such as its identification
number, heading, and velocity or speed.

The range graphic 502 may be segmented int> ‘a plurality of
circular bands each representing a range of radial distances surrounding
the rail vehicle. For example, the range graphic 502 may bé segmented
into a circular outer band 508 representing a 4-6 mile range, an
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intermediate band 510 representing a 2-4 mile range, and an inner band
512 representing a 2 mile range immediately surrounding the vehicle. The
rail vehicle may be represented by an arrow and its identification number
(e.g., “9999"): 514 positioned at the center of the graphic. 502. The arrow
preferably indicates-the-rail vehicle’s heading. Each rail vehicle detected
by the. system: may be represented by its identification number displayed
:at-a position-within the band cdrresponding that vehicle's distance:away
from the crew's vehicle.

The list-graphic 504 may include an entry 518 for. each. rail vehicle
displayed by.the range graphic 502." Each entry 518.-may provide
information, such as, for example, the vehicle identification number, the
‘heading or.direction of-travel, and the.speed"or:velocity.for'a. specific: rail
:vehicle displayed. by the range graphic 502. The list.graphic information is
preferably keyed to the range graphic 502 via -vehicle identification
-number.

According to an exemplary embodiment of the inveiidon, the crew
.of the rail vehicle must manually acknowledge each train (or maintenance-
.of:way vehicle):shown on the display 500 as it moves into:the outer-band
508 or progressively moves from a band into the next innermost band
(e.g., when the train moves from the outer band (4-6 mile range) 508 into
the intermediate band (2-4 mile range) 510, and again when the train
moves from the intermediate band (2-4 mile range) 510 into the inner
band (2 mile range) 512. By forcing the crew to acknowledge changes in |
the position of surrounding rail vehicles, the crew's awareness of the
movement of those vehicles may be enhanced so that those véhicles may

be contacted via voice radio to determine if they are in fact on a collision
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course.
Preferably, when a train (or maintenance-of-way vehicle) moves

from one band into another, the representation of that train displayed by
the range graphic 502-may be highlighted by the user interface. Similarly,
the entry 516 on the list graphic 504 corresponding to the train may be
highlighted :and-a pointer..or cursor. 524 may automatically be positioned .
" next to-that entry. - Additionally, an audible alert may be sounded to draw -
the crew's attention to the display (see FIGS. 2, 3, and 7). .A member.of
. the crew, for example the engineer of the train must then acknowledge.the :
change.in position of the train (or maintenance of way vehicle) by, for
example, touching an acknowledgment ("ACK") button 520 displayed on
-the: screen: (if the display .includes ‘a' touch .sensitive . panel: overlay), or
‘alternatively depressing: a: separateupushbutton disposed near-the-dispiay
(not-shown).- Up and down scroll arrow buttons 522 may be provided to
-scroll-the cursor 524 fo other highlighted areas of the -list .graphic 504 in
case more than one rail vehicle must be acknowledged by the crew.
Preferably, the crew is not required to acknowledge the movement of a
rail vehicle from an inner-band to an outer band, since such movement is
away from the crew's vehicle and reduces the threat of a collision.
Similarly, when a rail vehicle moves out of the displayed area altogether,
that vehicle will automatically be dropped from the. display and the crew
will not be required to acknowiedge its removal.
The range graphic 502 shown in FIG. 5 indicates that there are two
trains (lead locomotive identification numbers "7200" and "9429") within 2
miles, two trains (lead locomotive identification numbers "'8759“ and
"6903") within 24 miles, and one train (lead locomotive identification
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number “7800") within 4-6 miles of the crew's train (lead locomotive
identification number "9999"). From the list graphic 504, the crew may
determine that train "7200" is traveling east at 15 miles per hour, trains
"8759" and."7800" are each traveling west at 10 miles per hour; and trains
"9429" and "6903" are each traveling east at 35 miles per hour and 15
miles per hour:respectively. Train "7200" has just moved.into the inner
band (2:mile range) 5§12 from the intermediate band (2-4-mile range) 510:-
Jdhe crew. of train “9999" must acknoWIedge that they-are-aware:of the
[positian and movement of train “7200". -The entry for: train-"7200":516-is
- highlighted and the cursor 5§24 is moved- automatically to thaﬁentry.-
Additionally, an audible alert may be sounded. A member of the crew,
such as the engineer,. may now acknowledge the position and movement
of - train "7200" to the-system by -pressing -the "ACK" button 520. ::If the
crew fails to acknowledge the position and movement of train "7200"
within a predetermined time period, for example within 6 to 10 seconds,
the system may automatically apply the train's brakes since train "7200" is
within the inner band (2 mile range). The engineer may. then confirm that
train "7200" is not on a collision course with train "9999"- via voice radio,
for example. '

Turning now to FIG. 6, the crew of the rail vehicle may also choose
to disblay rail vehicle proximity information in a list format. The list format
screen 600 segregates rail traffic according to the distance that traffic is
away from the rail vehicle. For example, the list format screen 600 may
be segmented to show rail vehicles that are within a 4-6 mile range 602, a
2-4 mile range 604, and a 2 mile range 606 in front of the vehicle. as well
as a 4 mile range 608 to the rear of the vehicle. Rail traffic to the side of
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the crew's vehicle may be similarly represented on a separate screen or
by scrolling downward on the present screen utilizing the up and down
arrow keys 618. The list screen 600 may display each rail vehicle's
identification, velacity, .and heading or direction of travel as separate
columns of a table or list.

The-crew -of :the rail vehicle may be required to. manually
acknowledge each.train-(or maintenance-of-way vehicle) shown-on:the:
display .600 as it progressively moves from one range into .the. next-:
‘provided the next range is closer to the vehicle (e.g., when it moves from.
the 4-6 mile range in front of the train 602 into the 2-4 mile range.in front.
of the train 604 and when it moves from the 4-6 mile range in front of the
vehicle :604 into the 2 mile range 606).: Preferably, when a train.(or
maintenance-of-wayvehicle) moves from -one:range into another, the .
entry 612 corresponding to the train may be highlighted and a pointer or
cursor 614 may automatically be positioned . next.-to that entry.
Additionally, an audible alert may be sounded to draw the crew's attention
to the display (see FIGS. 2, 3, and 7). A member of the crew, for éxample
the engineer of the train, must-then acknowledge the change in proximity -

acknowledgment ("ACK") pushbutton 616 disposed near the. display, or,
altemaﬁvely‘ by touching an acknowledgment ("ACK") button displayed on
the screen if the display includes a touch sensitive panel overlay (see FIG.
5). Up and down scroll arrow pushbuttons 618 may be provided to scroll
the cursor 614 to another highlighted area of the list in case more than
one rail vehicle must be acknowledged by the crew at once. | Preferably,
when a rail vehicle moves out of the displayed area altogether, that
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vehicle will automatically be dropped from the display and the crew will
not be required to acknowledge its removal.

The list screen 600, shown in FIG. 6, indicates that there is one
train (lead locomotive identification number "7200") within 2 miles traveling
east at 15 miles per hour, one train (lead locomotive identification number
*8758"") within 2-4 miles traveling west at 10 miles per hour,:one train (lead

locomotive identification number "7800") within 4-6 miles traveling west at
10-miles per hour, and two trains (lead locomotive identification numbers
"8429".and "6903") within 4 miles to the rear traveling east at 35 miles per
hour and 15.miles per hour respectively. Train "7200" has just moved into
the 2 mile range 606 from the 2-4 mile range 604. The crew of train
"9999" - must .acknowledge .that they are aware | of the position.and.
movement -of train "7200". :Preferably, the entry for tra_in~,f'7200" 612 is
highlighted and the cursor 614 is moved automatically to that entry.

Additionally, an. audible alert may be soAunded.- - A member of the crew,.
such as the engineer, may now acknowledge the position and movement
of-train "7200" to the system by pressing the "ACK" pushbutton 616. If the
crew fails to acknowledge the position and movement of train "7200"
within a predetermined time period, for example, within 6 to 10 seconds,
the system may automatically apply the train's brakes since train "7200" is
within the 2 mile range. The engineer may then confirm that train "7200"
is not on a collision course with train "9998" via voice radio, for example.

Referring now to FIG. 7, a block diagram depicting apparatus for
nodifying a train control system to provide the train proximity alerting
system of the present invention is shown. The.proximity aleiting system
700 of the present invention may be implemented as a non-vital overiay to
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an existing train control system 702, such as, for example, the Integrated
Cab Electronics (ICE) system manufactured by Rockwell International, a
distributed power system, a distributed braking system, or an end-of-train
(EOT) system. Preferably, the system 700 may be incorporated in the
locomotive by modifying the train control system 702 to include a receiver
.704 and-antenna 706 for receiving a signal from which the train's position
may be determined. 'The receiver 704 may be, for example, a. Global
Positioning:System (GPS) receiver capable of receiving a geo-referencing
signal from.a -global. positioning system from which a‘ geo-referenced
coordinate position (e.g., latitude and longitude) may be determined. .
Similarly, the train control system 702 may be modified to include a
.communication device 708 and .antenna. 710 for receiving position
information from other réil vehicles operating within the railroad operating
environment. The communication device 708 may be a low pbv_vered
UHF, VHF, or spread spectrum radio frequency (RF) transceiver capable
of short range data transmission. Altemnatively, the train control system
702 may have an existing communication device which may be modified
to transmit and receive position information. For example, an automatic
train control system data radio (ATCP MCP) operated at reduced power
and having a limited transmission range may be utilized. Transmission
rates may be every 10-15 seconds. The receiver 704 and communication
device 708 may be operatively coupled to a computer 712 of the train
control system 702. The computer 712 may be modified to include
software for calculating the train's velocity and direction of travel utilizing
the position information received from the receiver 704 and for

determining the proximity of (i.e., distance to) other rail vehicles in the
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railroad operating environment based on the train's position, velocity and
direction of travel and the position information received from the other rail
vehicles via the communication device 708.

The train control system 702 rhay also provide a user interface 714
for alerting the train's crew of the proximity of other rail vehicles operating
within the area surrounding the -train so that the crew may take.
appropriate - action if necessary. Preferably, the user interface 714
includes a display such as a cathode ray tube (CRT) display, liquid crystal
display (LCD),. or-the like for displaying information to the crew of the train.
(see FIGS. 5-and 6).. The user interface 714. may further. include a.-
keyboard, keypad, touch panel overlay, or the like for accepting input from
the crew, such.as acknowledgment the proximity. of other rais vehicles and -:
input of the-vehicle- identification. Vehicle identification 716 may also be::
directly provided by rail vehicle itself via connection to other systems of -
the locomotive.. An. audible alert apparatus 718 such as a horn, siren,:-

.beeper, loudspeaker, or the like may be operationally coupled to the
computer 712 to provide an audible alert to the train's crew of the
proximity of another rail vehicle.

Preferably the computer 712 of the train control system 702 is
operatively coupled to the brake system of the train via a brake system
interface 720. The train's crew may periodically be required to
acknowledge via the user interface 714 that the train is not on a collision
course with other rail traffic in the area. If the crew fails to provide this
acknowledgment within a predetermined time of receiving an alert of the
proximity of the other rail vehicle, the system may automaticélly stop the
train if the system determines that the train is approaching another rail
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vehicle and is within a predetermined distance, for example, 2 miles of.
that vehicle. The computer may further provide an event recorder. The
event recorder provides the ability to show an historical record of the
movement of rail traffic detected by the system 700 and the movement of
the rail vehicle itself to the crew via the user interface 714. This
information may -assist the crew in determining. if the rail vehicle may be
on a collision course with other rail traffic. The event recorder may also
provide a historical record of movement of the train and other rail traffic
detected by the system for future use by the railroad, to for example,
facility an accident investigation or improve the flow of rail traffic along a
section of track. |

The system 700.may.be disabled by the crew or opérator when the. .
maintenance-of-way vehicle.is in yard areas where the vehicle density will -
be too high for the proximity alerting system to be of benefit, or if the
system 300 experiences a system failure. . Preferably, the proximity-
alerting components of the system 700 may be disabled without affecting
the existing functions of the train control system 702

It is believed that the system of the present invention and many of
its attendant advantages will be understood by the foregoing description,
and it will be apparent that various changes may be made in the form,
construction and arrangement of the components thereof without
departing from the scope and spirit of the invention or without sacrificing
all of its material advantages. The form herein before described being
merely an explanatory embodiment thereof, it is the intention of the

following claims to encompass and include such changes.
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CLAIMS

What is claimed is:

1. A system for alerting the crew of a rail vehicle of the

proximity of one or more other rail vehicles, said system comprising:

a receiver disposed in said rail vehicle, said receiver for receiving a
signal from which a "position of said rail vehicle may be
determined,;

a communication device disposed in said rail vehicle, . said

- communication ‘device for receiving position information from
said one or more other rail vehicles;

" a computer operatively coupled to said receiver and said
communication device, said computer for Adetermin‘ing the
proximity of said one or more other rail vehicles from the
position information received from said ane or more other
rail vehicles and the position of said rail vehicle; and

a user interface operatively coupled to said computer, said user
interface for communicating the proximity of said one or

more other rail vehicles to said crew.

2. The system of claim 1, wherein said rail vehicle is the

locomotive of a train.

3.  The system of claim 2, wherein said compuieris operatively

coupled to a braking system for automatically stopping said train.

4, The system of claim 1, wherein said rail vehicle is a
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maintenance of way vehicle.

5. The system of claim 1, wherein the signal from which the
position of said rail vehicle may be determined is provided by a global

positioning system.

6. The system of claim 1, wherein said communication device
is adapted to communicate the position of said rail vehicle to at least one

of said one or more other rail vehicles.

7. The system of claim 1, wherein said communication device

comprises a radio frequency transceiver.

8. The system of claim 1, wherein said user interface

comprises a display.

S. The system of claim 8, wherein said display provides an

alphanumeric listing of said one or more other rail vehicles to said crew.

10. The system of claim 8, wherein said display provides a
graphfcal display for informing said crew of the proximity of said one or

more other rail vehicles.

11. The system of claim 1, wherein said user interface

comprises an audible waming apparatus.
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12.  The system of claim 1, wherein said user interface
comprises apparatus for receiving an acknowledgment from said crew.
13. A system for waming the crew of a rail vehicle of the
proximity of one or more other rail vehicles, said system comprising:
means for receiving a signal from which a position of said rail
vehicle may be determined;
means for receiving position information from said one or more
other rail vehicles;
means for determining the proximity of said one or-more other rail
vehicles from the position information received from said one
or more other rail vehicles and the position of said rail
vehicle; aﬁd
means for communicating the proximity of said one or more other

rail vehicles to said crew.

14. The system of claim 13, further comprising means for
communicating the position of said rail vehicle to at least one of said one

or more other rail vehicles.

15.  The system of claim 13, wherein said communicating means
compﬁses a means for displaying the proximity of said one.or more other

rail vehicles to said crew.
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16. The system of claim 13, further comprising means for
receiving acknowledgment from the crew of the proximity of said one or

more other. rail Véhicles.

The system of claim 13, further comprising means for automatically

waid rail vehicle.

18. A method for waming the crew of a rail vehicle of the

proximity of one or more other rail vehicles, said method comprising the

steps of:
receiving a signal from which a position of said rail vehicle may be

determined;
receiving position information from said one or more other rail

vehicles;
determining the proximity of said one or more other rail vehicles
from the position information received from said one or more
other rail vehicles and the position of said raii vehicle; and
communicating the proximity of said one or more other rail vehicles

to said crew. .

19. A method according to claim 18, further comprising the step
of corrimunicating the position of said rail vehicle to at least one of said

one or more other rail vehicles.

—-28 —



WO 99/52091 PCT/US99/07503

20. A method according to claim 18, further comprising the step
of receiving acknowledgment from the crew of the proximity of said one or
more other rail vehicles.
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