
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
19

4 
31

2
A

1
*EP004194312A1*

(11) EP 4 194 312 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
14.06.2023 Bulletin 2023/24

(21) Application number: 22207768.7

(22) Date of filing: 16.11.2022

(51) International Patent Classification (IPC):
B61L 15/00 (2006.01)

(52) Cooperative Patent Classification (CPC): 
B61L 15/0081; B61L 15/0072 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(30) Priority: 07.12.2021 US 202117544316

(71) Applicant: Transportation IP Holdings, LLC
Norwalk, CT 06851 (US)

(72) Inventors:  
• Gorman, Joseph W.

Pittsburgh, PA, 15212 (US)
• Claussen, Christopher John

Pittsburgh, PA, 15212 (US)
• Kernwein, Jeffrey D.

Pittsburgh, PA, 15212 (US)

(74) Representative: Laufhütte, Dieter
Lorenz Seidler Gossel 
Rechtsanwälte Patentanwälte 
Partnerschaft mbB 
Widenmayerstraße 23
80538 München (DE)

(54) SYSTEM AND METHOD FOR MONITORING A DISTANCE BETWEEN RAIL CARS DURING 
COUPLING

(57) A system may include a sensor that detects po-
sitioning data indicative of a position of a first coupler of
a first vehicle system and positioning data indicative of
a position of a second coupler of a second vehicle system
during a coupling event of the vehicle systems. A con-
troller includes one or more processors that receive the
positioning data of the first and second couplers and de-
termines whether the first coupler is misaligned with the

second coupler. The controller may initiate an action of
the first coupler, the second coupler, the first vehicle sys-
tem, or the second vehicle system to change a position
of the first coupler, the second coupler, the first vehicle
system, or the second vehicle system. Changing the po-
sition of the first coupler, the second coupler, the first
vehicle system, or the second vehicle system aligns the
first coupler with the second coupler.
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Description

CROSS-REFERNCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Patent Application No. 16/222,260, filed on 17-Decem-
ber-2018. The entire disclosure of which is incorporated
herein by reference.

BACKGROUND

Technical Field.

[0002] The present disclosure relates to train operation
and, more particularly, to monitoring and controlling a
distance between train vehicles during coupling proce-
dures

Discussion of Art.

[0003] Train coupling involves the movement of one or
more rail cars (e.g., locomotives, passenger vehicles,
cargo vehicles, etc.) along a track to connect two rail cars
using couplers. Present coupling methods involve having
an individual positioned in view of the coupling task re-
laying information with a voice radio to inform a train op-
erator of the distance between the train vehicles being
coupled. This can be imprecise and unsafe due to factors
related to the individual observing the coupling move,
such as distractions, radio communication issues, being
incorrect about the estimated distance they relay to the
train operator, and/or the like. Furthermore, there may
be environmental hazards that increase the difficulty of
manually monitoring the coupling process, including
darkness, fog, snowy or icy conditions, windy conditions,
uneven terrain surrounding the track, and/or the like. Ad-
ditionally, there is an unavoidable lag time associated
with one person observing and reporting the coupling
status while another person listens and controls the
movement, and such manual observation and reporting
does not get recorded and is not reviewable if a coupling
accident were to occur.
[0004] Accordingly, there is a need in the art for a de-
vice, system, and method of coupling without the require-
ment of physical human observation and reporting at the
point of train vehiclecoupling. Moreover, there is a need
for a technical solution to provide more precise and im-
mediate distance and movement feedback during cou-
pling, to reduce lag time, reduce error, promote automa-
tion, and create a verifiable and reviewable data log.

BRIEF DESCRIPTION

[0005] Generally, provided is a device, system, and
method for monitoring a distance betweena first rail car
and a second rail car during coupling. Preferably, provid-
ed is a device, system, and method for receiving distance
data from a distance sensor configured to detect the dis-

tance between the first rail car and the second rail car.
Preferably, provided is a device, system, and method for
controlling, based at least partially on the distance data,
movement of the first rail car and/or the second rail car
to reduce the distance between the cars. Preferably, pro-
vided is a device, system,and method for stopping move-
ment of the first rail car and/or the second rail car in re-
sponse to determining that the distance between the cars
satisfies a predetermined threshold that is representative
of a completed rail car coupling.
[0006] In non-limiting embodiments or aspects, provid-
ed is a device for monitoring a distancebetween a first
rail car and a second rail car during coupling. The device
includes a fastener configured to affix the device to the
first rail car. The device also includes a distance sensor
configured to detect the distance between the first rail
car and the second rail car in a direction away from an
end of the first rail car and toward an end of the second
rail car. The device furtherincludes a power source and
a data connector to communicatively connect the device
to a remoteprocessor. The device further includes a local
processor programmed or configured to repeatedly re-
ceive distance data from the distance sensor of the dis-
tance between the first rail car and the second rail car.
The local processor is also programmed or configured
to repeatedly communicate the distance data to the re-
mote processor and cause the initiation of at least one
train action at least partially based on the distance data.
[0007] In further non-limiting embodiments or aspects,
the device may be separate from and communicatively
connected to an end-of-train (EQT) device. The distance
sensor may include atleast one of the following: a LIDAR
sensor, a radar sensor, a sonar sensor, an optical sensor
(e.g., a camera or the like), an ultrasonic sensor, a ther-
mal sensor, or a combination thereof. The fastener may
include at least one magnet configured to removably and
temporarily affix the device to the first rail car.
[0008] In further non-limiting embodiments or aspects,
the data connector may be communicatively connected
to a data trainline of a train equipped with an electronically
controlled pneumatic braking system. The power source
may include a wired power connection to a power trainline
of the train.
[0009] In further non-limiting embodiments or aspects,
the data connector may include a wireless transceiver
for wireless communication to a mobile device located
with a train operator and/or to an onboard computing de-
vice located on a locomotive associated with the first rail
car or the second rail car. The power source may include
a rechargeable battery pack. A data connection of the
data connector to the mobile device and/or the onboard
computing device may be persistent or non-persistent.
[0010] In further non-limiting embodiments or aspects,
the local processor may be further programmed or con-
figured to increase a rate of receiving the distance data
of the distance between the first rail car and the second
rail car, and communicating the distance data to the re-
mote processor as the distance between the first rail car
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and the second rail car decreases.
[0011] In further non-limiting embodiments or aspects,
the device and a locomotive associatedwith the first rail
car or the second rail car may be configured to be re-
motely controlled by the remote processor such that the
distance data communicated from the device to the re-
mote processor is at least partially used by the remote
processor to automatically operate the locomotive to
complete a coupling of the first rail car and the second
rail car.
[0012] In further non-limiting embodiments or aspects,
the local processor may be further programmed or con-
figured to angle the distance sensor and/or filter, at the
device, the distance data to account for non-linear rail
under the first rail car or the second rail car during cou-
pling ofthe first rail car and the second rail car.
[0013] In further non-limiting embodiments or aspects,
the device may be configured to additionally report the
distance between the first rail car and the second rail car
using, and furtherincluding, at least one of the following:
a speaker, an indicator light, a display, or any combina-
tion thereof.
[0014] In non-limiting embodiments or aspects, provid-
ed is a system for monitoring a distancebetween a first
rail car and a second rail car during coupling. The system
includes a computing device positioned remotely from
the first rail car and the second rail car. The computing
device isprogrammed or configured to receive distance
data of the distance between the first rail car and the
second rail car. The computing device is also pro-
grammed or configured to display the distance data on
a display device. The system also includes a distance
monitoring device. The distance monitoring device in-
cludes a fastener configured to affix the device to the first
rail car. The distance monitoring device also includes a
distance sensor configured to detect the distance be-
tween the first rail car and the second rail car in a direction
away from an end of the first rail carand toward an end
of the second rail car. The distance monitoring device
further includes a power source and a data connector to
communicatively connect the distance monitoring device
to the computing device. The distance monitoring device
further includes a local processor programmed or con-
figured to repeatedly receive the distance data from the
distance sensor of the distance between the first rail car
and the second rail car, and communicate the distance
data to thecomputing device for display.
[0015] In further non-limiting embodiments or aspects,
the distance sensor may include at leastone of the fol-
lowing: a LIDAR sensor, a radar sensor, a sonar sensor,
an optical sensor, an ultrasonic sensor, a thermal sensor,
or a combination of one or more thereof. The system may
include an end-of-train (EQT) device including the dis-
tance monitoring device.
[0016] In further non-limiting embodiments or aspects,
the data connector may be communicatively connected
to a data trainline of an ECP-equipped train. The power
source mayinclude a wired power connection to a power

trainline of the ECP-equipped train.
[0017] In further non-limiting embodiments or aspects,
the data connector may include a wireless transceiver
for wireless communication to the computing device. The
computing devicemay be located with a train operator
and/or on a locomotive associated with the first rail car
or thesecond rail car. The power source may include a
rechargeable battery pack.
[0018] In further non-limiting embodiments or aspects,
the local processor may be further programmed or con-
figured to increase a rate of receiving the distance data
of the distance between the first rail car and the second
rail car, and communicating the distance data to the com-
puting device as the distance between the first rail car
and the second rail car decreases.
[0019] In further non-limiting embodiments or aspects,
the distance monitoring device and a locomotive associ-
ated with the first rail car or the second rail car may be
configured to be remotely controlled by the computing
device such that the distance data communicated from
the distance monitoring device to the computing device
is at least partially used by the computing device to au-
tomatically operate the locomotive to complete a coupling
of the first rail car and the second rail car.
[0020] In further non-limiting embodiments or aspects,
the local processor may be further programmed or con-
figured to angle the distance sensor and/or filter, at the
distance monitoring device, the distance data to account
for non-linear rail under the first rail car or the second rail
carduring coupling of the first rail car and the second rail
car.
[0021] In non-limiting embodiments or aspects, provid-
ed is a computer-implemented method for monitoring a
distance between a first rail car and a second rail car
during coupling. The method includes receiving, with at
least one processor, distance data from a distance sen-
sor of a distance monitoring device. The distance moni-
toring device is affixed to the first rail car and is positioned
between the first rail car and the second rail car. The
distance sensor is configured to detect the distance be-
tween the first rail car and the second rail car in a direction
away from an end of the first rail car and toward an end
of the second rail car. The method also includes control-
ling, with at least one processor and based at least par-
tially on the distance data, movement of the first rail car
and/or the second rail car to reduce the distance between
the first rail car and the second rail car. The method fur-
ther includes stopping, with at least one processor and
based at least partially on the distance data, movement
of the first rail car and/or the second rail car in response
to determining that the distance between the first rail car
and the second rail car satisfies a predetermined thresh-
old distance between the first rail car and the second rail
car that is representative of a completed rail car coupling.
[0022] In further non-limiting embodiments or aspects,
the method may include detecting, withat least one proc-
essor and based at least partially on the distance data,
at least one obstacle between the first rail car and the
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second rail car. The method may further include tempo-
rarily suspending, with at least one processor, movement
of the first rail car and/or the second rail car until the at
least one obstacle is no longer detected between the first
rail car and the second rail car.
[0023] Further non-limiting embodiments are set forth
in the following numbered clauses.
[0024] Clause 1: A device for monitoring a distance
between a first rail car and a second rail carduring cou-
pling, comprising: a fastener configured to affix the device
to the first rail car; a distancesensor configured to detect
the distance between the first rail car and the second rail
car in adirection away from an end of the first rail car and
toward an end of the second rail car; a powersource; a
data connector to communicatively connect the device
to a remote processor; and a local processor pro-
grammed or configured to repeatedly: receive distance
data from the distance sensor of the distance between
the first rail car and the second rail car; and communicate
the distance data to the remote processor; and cause
the initiation of at least one train action at least partially
basedon the distance data.
[0025] Clause 2: The device of clause 1, wherein the
device is separate from and communicatively connected
to an end-of-train (EQT) device, and wherein the distance
sensor comprises at least one of the following: a LIDAR
sensor, a radar sensor, a sonar sensor, or a combination
thereof.
[0026] Clause 3: The device of clause 1 or 2, wherein
the fastener comprises at least one magnet configured
to removably and temporarily affix the device to the first
rail car.
[0027] Clause 4: The device of any of clauses 1-3,
wherein the data connector is communicatively connect-
ed to a data trainline of a train equipped with an electron-
ically controlled pneumatic braking system, and wherein
the power source comprises a wired power connection
toa power trainline of the train.
[0028] Clause 5: The device of any of clauses 1-4,
wherein the data connector comprises a wireless trans-
ceiver for wireless communication to a mobile device lo-
cated with a train operator and/or to an onboard comput-
ing device located on a locomotive associated with the
first rail car or the second rail car, and wherein the power
source comprises a rechargeable battery pack.
[0029] Clause 6: The device of any of clauses 1-5,
wherein a data connection of the data connector to the
mobile device and/or the onboard computing device is
persistent.
[0030] Clause 7: The device of any of clauses 1-6,
wherein the local processor is further programmed or
configured to increase a rate of receiving the distance
data of the distance between the first rail car and the
second rail car and communicating the distance data to
the remote processor as the distance between the first
rail car and the second rail car decreases.
[0031] Clause 8: The device of any of clauses 1-7,
wherein the device and a locomotive associated with the

first rail car or the second rail car are configured to be
remotely controlled bythe remote processor such that the
distance data communicated from the device to the re-
mote processor is at least partially used by the remote
processor to automatically operate the locomotive to
complete a coupling of the first rail car and the second
rail car.
[0032] Clause 9: The device of any of clauses 1-8,
wherein the local processor is further programmed or
configured to angle the distance sensor and/or filter, at
the device, the distance data to account for non-linear
rail under the first rail car or the second rail car during
coupling ofthe first rail car and the second rail car.
[0033] Clause 10: The device of any of clauses 1-9,
the device being configured to additionallyreport the dis-
tance between the first rail car and the second rail car
using and further comprisingat least one of the following:
a speaker, an indicator light, a display, or any combina-
tion thereof.
[0034] Clause 11: A system for monitoring a distance
between a first rail car and a second railcar during cou-
pling, the system comprising: a computing device posi-
tioned remotely from the first rail car and the second rail
car, the computing device being programmed or config-
ured to: receivedistance data of the distance between
the first rail car and the second rail car; and display the-
distance data on a display device; and a distance mon-
itoring device comprising: a fastener configured to affix
the device to the first rail car; a distance sensor config-
ured to detect the distance between the first rail car and
the second rail car in a direction away from an end of the
first rail carand toward an end of the second rail car; a
power source; a data connector to communicatively con-
nect the distance monitoring device to the computing de-
vice; and a local processor programmed or configured
to repeatedly: receive the distance data from the distance
sensor of the distance between the first rail car and the
second rail car; and communicate the distance data to
the computing device for display.
[0035] Clause 12: The system of clause 11, wherein
the distance sensor comprises at least one of the follow-
ing: a LIDAR sensor, a radar sensor, a sonar sensor, or
a combination thereof.
[0036] Clause 13: The system of clause 11 or 12, fur-
ther comprising an end-of-train (EQT)device comprising
the distance monitoring device.
[0037] Clause 14: The system of any of clauses 11-13,
wherein the data connector is communicatively connect-
ed to a data trainline of an ECP-equipped train, and
wherein the powersource comprises a wired power con-
nection to a power trainline of the ECP-equipped train.
[0038] Clause 15: The system of any of clauses 11-14,
wherein the data connector comprises awireless trans-
ceiver for wireless communication to the computing de-
vice, the computing device being located with a train op-
erator and/or on a locomotive associated with the first
rail car or thesecond rail car, and wherein the power
source comprises a rechargeable battery pack.

5 6 



EP 4 194 312 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0039] Clause 16: The system of any of clauses 11-15,
wherein the local processor is further programmed or
configured to increase a rate of receiving the distance
data of the distance between the first rail car and the
second rail car, and communicating the distance data to
the computing device as the distance between the first
rail car and the second rail car decreases.
[0040] Clause 17: The system of any of clauses 11-16,
wherein the distance monitoring deviceand a locomotive
associated with the first rail car or the second rail car are
configured to be remotely controlled by the computing
device such that the distance data communicated from
the distance monitoring device to the computing device
is at least partially used by the computing device to au-
tomatically operate the locomotive to complete a coupling
of the first rail car and thesecond rail car.
[0041] Clause 18: The system of any of clauses 11-17,
wherein the local processor is further programmed or
configured to angle the distance sensor and/or filter, at
the distance monitoring device, the distance data to ac-
count for non-linear rail under the first rail car or the sec-
ond rail carduring coupling of the first rail car and the
second rail car.
[0042] Clause 19: A computer-implemented method
for monitoring a distance between a first rail car and a
second rail car during coupling, the method comprising:
receiving, with at least one processor, distance data from
a distance sensor of a distance monitoring device, the
distance monitoring device affixed to the first rail car and
positioned between the first rail car and the second rail
car, the distance sensor configured to detect the distance
between the first rail car andthe second rail car in a di-
rection away from an end of the first rail car and toward
an end of the second rail car; controlling, with at least
one processor and based at least partially on the distance
data, movement of the first rail car and/or the second rail
car to reduce the distance between the first rail car and
the second rail car; and stopping, with at least one proc-
essor and based at least partially on the distance data,
movement of the first rail car and/or the second rail car
in responseto determining that the distance between the
first rail car and the second rail car satisfies a predeter-
mined threshold distance between the first rail car and
the second rail car that is representative of a completed
rail car coupling.
[0043] Clause 20: The method of claim 19, further com-
prising: detecting, with at least one processor and based
at least partially on the distance data, at least one obsta-
cle between the first rail car and the second rail car; and
temporarily suspending, with at least one processor,
movement of the first rail car and/or the second rail car
until the at least one obstacle is no longer detected be-
tween the first rail car and the second rail car.
[0044] In one or more embodiments described herein,
a system may include a sensor that may detect position-
ing data indicative of a position of a first coupler of a first
vehicle system and positioning data indicative of a posi-
tion of a second coupler of a second vehicle system dur-

ing a coupling event of the first vehicle system and the
second vehicle system. A controller may include one or
more processors that may receive the positioning data
of the first coupler and the positioning data of the second
coupler. The controller may determine whether the first
coupler is misaligned with the second coupler based on
a comparison of the position of the first coupler and the
position of the second coupler. The first coupler may be
prohibited from coupling with the second coupler while
the first and second couplers are misaligned. The con-
troller may initiate at least one action of one or more of
the first coupler, the second coupler, the first vehicle sys-
tem, or the second vehicle system to change a position
of one or more of the first coupler, the second coupler,
the first vehicle system, or the second vehicle system.
Changing the position of the one or more of the first cou-
pler, the second coupler, the first vehicle system, or the
second vehicle system aligns the first coupler with the
second coupler.
[0045] In one or more embodiments described herein,
a method may include detecting positioning data indica-
tive of a position of a first coupler of a first vehicle system
and positioning data indicative of a position of a second
coupler of a second vehicle system during a coupling
event of the first vehicle system and the second vehicle
system. A determination may be made whether the first
coupler is misaligned with the second coupler based on
a comparison of the position of the first coupler and the
position of the second coupler. The first coupler may be
prohibited from coupling with the second coupler while
the first and second couplers are misaligned. At least one
action of one or more of the first coupler, the second
coupler, the first vehicle system, or the second vehicle
system may be initiated responsive to determining that
the first coupler is misaligned with the second coupler to
change a position of one or more of the first coupler, the
second coupler, the first vehicle system, or the second
vehicle system. Changing the position of one or more of
the first coupler, the second coupler, the first vehicle sys-
tem, or the second vehicle system aligns the first coupler
with the second coupler.
[0046] In one or more embodiments described herein,
a system may include a monitoring device including one
or more sensors that may detect positioning data indic-
ative of a position of a first coupler of a first rail vehicle
and positioning data indicative of a position of a second
coupler of a second rail vehicle during a coupling event
of the first rail vehicle and the second rail vehicle. A con-
troller may include one or more processors that may con-
trol operation of one or more of the first coupler, the sec-
ond coupler, the first rail vehicle, or the second rail vehi-
cle. The controller may receive the positioning data of
the first coupler and the positioning data of the second
coupler. The controller may determine whether the first
coupler is misaligned with the second coupler based on
a comparison of the position of the first coupler and the
position of the second coupler. The first coupler may be
determined to be misaligned with the second coupler
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based on a difference between the position of the first
coupler and the position of the second coupler being out-
side a determined alignment threshold. The controller
may initiate at least one action of one or more of the first
coupler, the second coupler, the first rail vehicle, or the
second rail vehicle responsive to determining that the
first coupler is misaligned with the second coupler to
change a position of one or more of the first coupler, the
second coupler, the first rail vehicle, or the second rail
vehicle. Changing the position of the one or more of the
first coupler, the second coupler, the first rail vehicle, or
the second rail vehicle aligns the first coupler with the
second coupler. The controller may initiate at least one
action of one or more of a component of the first coupler
or a component of the second coupler responsive to de-
termining that the first coupler is aligned with the second
coupler. The controller may receive sensor data from the
monitoring device responsive to the initiation of the at
least one action of the one or more of the component of
the first coupler or the component of the second coupler.
The sensor data may be indicative of completion of the
at least one action of the one or more of the component
of the first coupler or the component of the second cou-
pler and completion of the coupling event.
[0047] These and other features and characteristics of
the present disclosure, as well as the methods of oper-
ation and functions of the related elements of structures
and the combination of parts and economies of manu-
facture, will become more apparent upon consideration
of the following description, and the appended claims
with reference to the accompanying drawings, allof which
form a part of this specification, wherein like reference
numerals designate corresponding parts in the various
figures. It is to be expressly understood, however, that
the drawings are for the purpose of illustration and de-
scription only and are not intended as a definition of the
limits of the disclosure. As used in the specification and
the claims, the singular forms of "a," "an," and "the" in-
clude plural referents unless the context clearly dictates
otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The inventive subject matter may be under-
stood from reading the following description of non-lim-
iting embodiments, with reference to the attached draw-
ings, wherein below:

Figure 1 is a schematic diagram of non-limiting em-
bodiments or aspects of a device, system, and meth-
od for monitoring a distance between a first rail car
and a second rail car duringcoupling;

Figure 2 is a schematic diagram of non-limiting em-
bodiments or aspects of a device, system, and meth-
od for monitoring a distance between a first rail car
and a second rail car duringcoupling;

Figure 3 is a schematic diagram of non-limiting em-
bodiments or aspects of a device, system, and meth-
od for monitoring a distance between a first rail car
and a second rail car duringcoupling;

Figure 4 is a schematic diagram of non-limiting em-
bodiments or aspects of a device, system, and meth-
od for monitoring a distance between a first rail car
and a second rail car duringcoupling;

Figure 5 is a process diagram of non-limiting embod-
iments or aspects of a device, system,and method
for monitoring a distance between a first rail car and
a second rail car during coupling; and

Figure 6 illustrates one example of a flowchart of
connecting couplers of vehicles in accordance with
one embodiment.

DETAILED DESCRIPTION

[0049] In non-limiting embodiments or aspects of the
present disclosure, provided are a device, system, and
method for monitoring a distance between a first rail car
and a second rail car during coupling. Described non-
limiting embodiments or aspects improve over prior art
systems by increasing the precision of proximity detec-
tion between two coupling train vehicles, as well as pro-
viding for closed-loop automation of train coupling proc-
esses by using distance data feedbackto control locomo-
tion and rail car movement. Described non-limiting em-
bodiments or aspects further improve over prior art sys-
tems by providing for traceability and verifiability of his-
toric coupling procedures, by generating logs of such pro-
cedures based on distance data, time of day, operator
identifiers, train identifiers, track location, and/or the like-
thereby providing analyzable metrics of successful cou-
plings and failed couplings, which can further improve
the algorithms used in closed-loop automation. Moreo-
ver, the removal of personnel at the coupling site im-
proves over prior art systems by eliminating dangers in-
herent to track bystanders, and it further improves on the
reliability of distance reporting, avoiding biases present
in physical observation. By communicatively connecting
a distance monitoring device with one or more remote
processors (e.g., a locomotive computing device, a mo-
bile device associated with a locomotive operator, a back
office server, and/or the like), interoperability is improved
while allowing for remote controlling and viewing of cou-
pling processes. These advantages, among others, are
further illustrated in the detailed description below.
[0050] With reference to Figures 1 and 2, and in non-
limiting embodiments or aspects, provided is a system
100 for monitoring a distance between a first vehicle sys-
tem and a second vehicle system during coupling of the
two or more vehicle systems. As one example, the sys-
tem may monitor a distance between a first rail car 102a
and a second rail car 102bduring coupling. Rail cars
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102a, 102b may include any type of train/railway vehicle
for carryingcargo, carrying passengers, carrying train
equipment, providing locomotion, or a combination there-
of, including, but not limited to: boxcars, coil cars, com-
bine cars, flatcars, Schnabel cars, gondolas, stock cars,
tank cars, locomotives, fuel cars, and/or the like. While
one or more embodiments are described in connection
with rail vehicles, not all embodiments are limited to rail
vehicle systems. Unless expressly disclaimed or stated
otherwise, the inventive subject matter described herein
extends to other types of vehicle systems such as auto-
mobiles, trucks (with or without trailers), buses, marine
vessels, aircraft, mining vehicles, agricultural vehicles,
or other off-highway vehicles. The vehicle systems de-
scribed herein (rail vehicle systems of other vehicle sys-
tems that do not travel on rails or tracks) can be formed
from a single vehicle or multiple vehicles. With respect
to multi-vehicle systems, the vehicles can be mechani-
cally coupled with each other (e.g., by couplers) or logi-
cally coupled but not mechanically coupled. For example,
vehicles may be logically but not mechanically coupled
when the separate vehicles communicate with each other
to coordinate movements of the vehicles with each other
so that the vehicles travel together (e.g., as a convoy).
[0051] The first rail car 102a includes a first coupler
104a for connection to other rail cars. The second rail
car 102b likewise includes a second coupler 104b for
connection to other rail cars. During a coupling procedure
of the first rail car 102a to the second rail car 102b, the
first coupler 104a is configured to attach to the second
coupler 104b (and/or vice versa), thereby connecting the
first rail car 102a and the second rail car 102b in the train
consist. Couplers may include any sufficient car-to-car
connecting device including, but are not limited to, buffer
and chain couplers, link and pin couplers, hook couplers,
knuckle couplers, radial couplers, bell-and-hook cou-
plers, electromagnetic couplers, automatic couplers,
and/or the like. The rail cars 102a, 102b may be at least
partially self- propelled, and/or the train consist may in-
clude a locomotive (not shown) for generating movement
of a rail car 102a, 102b. It will be appreciated that many
configurations are possible.
[0052] With further reference to Figures 1 and 2, and
in further non-limiting embodiments or aspects, the sys-
tem 100 includes a distance monitoring device 106 to
provide distance feedback ofa coupling process between
the first rail car 102a and the second rail car 102b. The
distance monitoring device 106 may include a fastener
107, a distance sensor 108, a power source, a data con-
nector 110, and a local processor. The fastener 107 is
configured to affix the distance monitoring device 106 to
the first rail car 102a or the second rail car 102b. One or
more distancemonitoring devices 106 may be affixed to
the first rail car 102a and/or the second rail car 102b. The
depicted non-limiting configuration of Figures 1 and 2
illustrates a distance monitoring device 106 affixed to the
first rail car 102a, but it will be appreciated that this ar-
rangement can be reversed and many configurations are

possible. The fastener 107 may include, but is not limited
to, a magnet (e.g., a permanent magnet, an electromag-
net, etc.), a magnetic material for attraction to a magnet
on the rail car 102a, 102b, a threaded fastener (e.g., nut-
and-bolt, screw, stud, etc.), aclamp, a clip, a tie, a strap,
a snap, and/or the like. One or more fasteners 107 may
be used to secure the distance monitoring device 106 to
the first rail car 102a, and more than one type of fastener
107 may be used in combination. The fastener 107 may
affix the distance monitoring device 106 to a rail car side-
wall, a rail car frame (e.g., a flatcar bed), a coupler 104a,
104b of a rail car 102a, 102b, or any portion of a rail car
102a, 102b such that the distance sensor 108 may de-
termine the proximity of the rail cars 102a, 102b during
coupling.
[0053] With further reference to Figures 1 and 2, and
in further non-limiting embodiments or aspects, the dis-
tance sensor 108 is configured to detect the proximity of
the second rail car 102b to the first rail car 102a, and it
may be configured to measure a distance between the
rail cars 102a, 102b. The distance sensor 108 may also
measure the relative speed of one railcar 102a, 102b to
another, by a local processor configured to determine a
change in distance between therail cars 102a, 102b over
time, which may be useful to predict the coupling speed
of the railcars 102a, 102b, to signal an alarm if the cou-
pling is determined to occur beyond predetermined, rea-
sonable speeds. The distance sensor 108 may include,
but is not limited to, a Doppler sensor, amagnetic field
sensor, an optical sensor (e.g., photoelectric, photocell,
laser rangefinder, infrared, a camera),a radar sensor, a
LIDAR sensor, a sonar sensor, an ultrasonic sensor,
and/or the like. The distance monitoringdevice 106 may
include one or more distance sensors 108, including one
or more types of distance sensor 108. The distance mon-
itoring device 106 may use the distance sensor 108 to
determine a distance between rail car bodies D1, a dis-
tance between a rail car body and a coupler D3, a dis-
tancebetween couplers D2, or a combination thereof. It
will be appreciated that many configurations are possible,
and the distance monitoring device 106 may be config-
ured to determine a distancebetween any point associ-
ated with the first rail car 102a and any point associated
with the secondrail car 102b. The distance data from the
distance sensor 108 may be in the form of an analog
ordigital signal, and the distance data may be represent-
ative of a distance value (e.g., ten meters,twenty feet,
etc.), a distance category or binary value (e.g., far, near,
detected/not detected, connected/not connected, etc.),
and/or the like. The distance sensor 108 may also facil-
itate thedetection of speed of the rail cars 102a, 102b
relative to one another, as a processor may evaluatea
change in distance over time. It will be appreciated that
many configurations are possible.
[0054] In one or more embodiments, the distance mon-
itoring device may determine a position of the first coupler
104a and a position of the second coupler 104b. For ex-
ample, the distance monitoring device may receive po-
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sitioning data indicative of a position of the first coupler
and positioning data indicative of a position of the second
coupler. The positioning data of the first and second cou-
plers may indicate positions of the first and second cou-
plers, respectively, in a three-dimensional space. In one
embodiment, the distance monitoring device may receive
the positioning data during a coupling event of the first
and second couplers. The positioning data of the first and
second couplers may indicate a position of the first and
second couplers, respectively. In one embodiment, the
positioning data may include the distance D2 between
couplers, the distance D1 between rail car bodies, the
distance D3 between the rail body car and the coupler,
a distance D4 between an edge or surface of the first rail
body car 102a and the first coupler, a distance D5 be-
tween an edge or surface of the second rail body car
102b and the second coupler, a distance D6 between a
surface of the track and the first coupler, and a distance
D7 between a surface of the track and the second cou-
pler. Optionally, the distance monitoring device may re-
ceive alternative distance data indicative of positions of
the first and/or second rail cars, the first and/or second
couplers, or the like.
[0055] With further reference to Figures 1 and 2, and
in further non-limiting embodiments or aspects, the pow-
er source of the distance monitoring device 106 is con-
figured to provide electronicpower to the fastener 107,
the distance sensor 108, the data connector 110, and/or
the local processor, as required by the chosen implemen-
tation. The power source may include, but is notlimited
to, a battery pack (e.g., a nickel cadmium (NiCad) battery
cell, a nickel metal hydride(NiMH) battery cell, a lithium
ion (Li-ion) battery cell, etc.), a wired direct current or
alternating current power connection, a wireless power
transfer (WPT) receiver, and/or the like. More than one
power source may be employed, and more than one type
of power source may be used incombination. Batteries
may be rechargeable, and the power source may be
shared with one ormore other electronic devices. For a
train equipped with an electronically controlled pneumat-
ic (ECP) braking system, which may include a power
trainline (e.g., a car-to-car cable fortransmitting electricity
to power onboard electronics), the power source may be
a wired power connection to the ECP power trainline. It
will be appreciated that many configurations are possible.
[0056] With further reference to Figures 1 and 2, and
in further non-limiting embodiments or aspects, the data
connector 110 provides communication between the dis-
tance monitoring device 106 and a remote processor
(i.e., a processor not of the distance monitoring device
106). The data connector 110 may be a wired or wireless
connector to a wired or wireless data connection, or a
combination thereof (e.g., a wired connection to a wire-
less transceiver). For a train equipped with an electron-
ically controlled pneumatic (ECP) braking system, which
may include a data trainline (e.g., a car-to-car cable for
transmitting data signals from and/or to onboard elec-
tronics), the data connector 110 may be a wired data

connection to the ECP data trainline. The data connector
110 may also be a wireless transceiver for wireless com-
munication to a remote processor, such as a mobile de-
vice located with a train operator, an onboard computing
device located on a locomotive associated the first rail
car or the second rail car, a train dispatch or backoffice
server, and/or the like. The data connector 110 may in-
clude, but is not limited to, a serial advanced technology
attachment (SATA) connector, a serial attached SCSI
(SAS) connector, a universal serial bus (USB) connector,
an Ethernet connector, a Firewire connector, a radio
transceiver, a Wi-Fi transceiver, an infrared communica-
tion transceiver, a satellite communication transceiver,
and/or the like. The (wired and/or wireless) data connec-
tion of the data connector 110to a remote processor may
be persistent or non-persistent. It will be appreciated that
many configurations are possible.
[0057] With further reference to Figures 1 and 2, and
in further non-limiting embodiments or aspects, the local
processor of the distance monitoring device 106 is con-
figured to receive distance data from the distance sensor
108. The local processor may also be configured to com-
municate the distance data to a remote processor (e.g.,
a mobile device located with a train operator, an onboard
computing device located on a locomotive associated
the first rail car or the second rail car, a train dispatch or
back office server, a computing device of a track bystand-
er, and/or the like). The local processor may further be
configured to cause the initiation of at least one train ac-
tion atleast partially based on the distance data. Train
actions may include, but are not limited to, increasing
movement of a rail car 102a, 102b, decreasing move-
ment of a rail car 102a, 102b, stopping a rail car 102a,
102b, reversing movement of a rail car 102a, 102b, en-
gaging/closing a coupler 104a, 104b, disengaging/open-
ing a coupler 104a, 104b, and/or the like. The local proc-
essor may also be configured to increase a rate of re-
ceiving the distance data (e.g., through increased sample
rate by the distance sensor 108 itself, through increased
sample rate of the distance sensor 108 data stream, etc.)
of the distance between the first rail car 102a and the
second rail car 102b as the distance between the first rail
car 102a and the second rail car 102b decreases. The
local processor may also be configured to increase a rate
of communicating the distance data to a remote proces-
sor as the distance between the first rail car 102a and
the second rail car 102b decreases. In this manner, as
the rail cars 102a, 102b move closer together, the in-
creased rate of receiving data/communicating data al-
lows for a more precise detection of the coupling process,
and it reserves the highest energy/bandwidth of opera-
tion for when the coupling distance is closest to comple-
tion. It will be appreciated that many configurations are
possible.
[0058] With further reference to Figures 1 and 2, and
in further non-limiting embodiments or aspects, the dis-
tance data of the distance monitoring device 106 may be
compared by a processor(e.g., a local processor of the
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distance monitoring device 106, a remote processor,
etc.) to one or more threshold distances corresponding
to train actions and/or coupling states (e.g., connected,
not connected, close to a connection, etc.). In a non-
limiting example, one threshold distance may correspond
to a known distance required for the couplers 104a, 104b
to engage between a first rail car 102a and a second rail
car 102b of known types/configurations, and the moni-
tored distance data may be compared to said threshold
distance to trigger a halt of the rail cars 102a, 102b when
the threshold is satisfied. It may be predetermined, for
example, that the distance for engaging the couplers be-
tween a certain type of passenger car is three feet, as
measured along a distance between rail car bodies D1.
When the distance data indicates the distance between
the rail car bodies D1 equals and/or is less than three
feet, the movement of the rail cars 102a, 102b relative
to one another may be halted. In another non-limiting
example, a threshold distance may correspond to a dis-
tance between couplers D2 that indicates the couplers
104a, 104b are close to a completed connection, but are
not yet engaged (e.g., a two meter gap between cou-
plers). When the distance data indicates the distance be-
tween the couplers D2 equals and/or is less than two
meters, the relative speed of the rail cars 102a, 102b to
one another may be reduced to ensure a safe coupling
speed. Similar calculations and thresholds may be es-
tablished for a distance between a rail car body and cou-
pler D3, or distances between any two rail car elements
102a, 102b. Threshold distances may be used to trigger
one or more train actions including, but not limited to,
increasing movement of a rail car 102a, 102b, decreasing
movement of a rail car 102a, 102b, stopping a rail car
102a, 102b, reversing movement of a rail car 102a, 102b,
engaging/closing a coupler 104a, 104b, disengag-
ing/opening a coupler 104a, 104b, and/or the like. More
than one threshold distance maybe employed for a given
coupling process. It will be appreciated that many con-
figurations are possible.
[0059] With further reference to Figures 1 and 2, and
in further non-limiting embodiments or aspects, the dis-
tance monitoring device 106 may further include a speak-
er, an indicator light, a display, or any combination there-
of. For non-limiting configurations where the distance
monitoring device 106 augments a personnel’s oversight
of a coupling process, data feedback elements, such as
a speaker, an indicator light, a display, and/or the like,
may communicate statuses/data to a personnel. For ex-
ample, a speaker may be provided to emit a sound (e.g.,
a beep, a chirp, a recorded message, etc.) as the distance
monitoring device 106 is collecting distance data, and
such a sound may reflect the sample rate of the distance
sensor 108 and/or the current distance between the rail
cars 102a, 102b. The speaker may also be configured
to emit a sound for status changes of the distance mon-
itoring device 106, such as powering on, powering off,
beginning a monitoring process, terminating a monitoring
process, and/or the like. The distance monitoring device

106 may further include an indicator light to reflect a sta-
tus of the distance monitoring device 106, including, but
not limited to, a power level status, an on/off status, a
distance sensor 108 sample rate, a proximity/distance
status, and/or the like. The distance monitoring device
106 may further include a display to allow personnel to
configure the distance monitoringdevice 106, view dis-
tance data (both historic and/or current), check a status
of the distance monitoring device 106, and/or the like. It
will be appreciated that many configurations are possible.
[0060] With reference to Figure 3, and in non-limiting
embodiments or aspects, depicted is a network 200 for
monitoring a distance between a first rail car and a sec-
ond rail car during coupling. As illustrated, dashed lines
indicate communicative connections, including wired
communication channels, wireless communication chan-
nels, or a combination thereof. Provided is a train 208,
upon which is located one or more distance monitoring
devices 106 (abbreviated as "distance monitor" as
shown), which are positioned on one or more rail cars of
the train 208. Communication with the train 208 may be
understood as communication with a computing device
210 or data trainline 218 thereof. The distance monitoring
device 106 may include a fastener 107, a distance sensor
108, a data connector 110, a power source 204, and a
local processor 206. The fastener 107 may include, but
is not limited to, a magnet (e.g., a permanent magnet, an
electromagnet, etc.), a magnetic material for attraction
to a magnet on the rail car, a threaded fastener (e.g., nut-
and-bolt, screw, stud, etc.), a clamp, a clip, a tie, a strap,
a snap, and/or the like. One or more fasteners 107 may
be used to secure the distance monitoring device 106 to
a rail car, and more than one type of fastener may be
used in combination. The fastener 107 may affix the dis-
tance monitoring device 106 to a rail car sidewall, a rail
car frame (e.g., a flatcar bed), a coupler of a rail car, or
any portion of a rail car such that the distance sensor 108
may determine the proximity of the rail cars during cou-
pling. The distance sensor 108 may include, but is not
limited to, a Doppler sensor, a magnetic field sensor, an
optical sensor (e.g., photoelectric, photocell, laser range-
finder, infrared), a radar sensor, a LIDAR sensor, a sonar
sensor, and/or thelike. The distance monitoring device
106 may include one or more distance sensors 108 in-
cluding one or more types of distance sensor 108. The
distance monitoring device 106 may use the distance
sensor 108 to determine a distance between rail car bod-
ies, a distance between a rail car body anda coupler, a
distance between couplers, or a combination thereof. It
will be appreciated that many configurations are possible,
and the distance monitoring device 106 may be config-
ured to determine a distance between any point associ-
ated with the first rail car and any point associated with
the second rail car.
[0061] With further reference to Figure 3, and in further
non-limiting embodiments or aspects, the data connector
110 may be a wired or wireless connector to a wired or
wireless data connection, or a combination thereof (e.g.,
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a wired connection to a wireless transceiver), and the
data connector 110 may provide communication be-
tween the distance monitoring device 106 and a remote
processor, e.g., an end-of-train (EQT) device 220, a train
208 computing device 210 (e.g.,a locomotive ECP con-
troller), and/or a remote controller 230 (e.g., a mobile
device of a locomotive operator, a train dispatch of back
office server, a computing device of a track bystander,
and/or the like). For a train 208 equipped with an ECP
braking system, which may include a data trainline 218
(e.g., a car-to-car cable for transmitting data signals from
and/or to onboard electronics), the data connector 110
may be a wired data connection to the data trainline 218.
The data connector 110 may also be a wireless trans-
ceiver for wireless communication to a remote controller
230, such as a mobile device located with a train operator,
a train dispatch or back office server, a computing device
of a track bystander, and/or the like. The data connector
110 may be a wired or wireless data transceiver to the
EQT device 220, which may analyze the distance data
and/or relay the distance data to a train 208 computing
device 210. The data connector 110 may include, but is
not limited to, a serial advanced technology attachment
(SATA) connector, a serial attached SCSI (SAS) connec-
tor, a universal serial bus (USB) connector, an Ethernet
connector, aFirewire connector, a radio transceiver, a
Wi-Fi transceiver, an infrared communication transceiv-
er, a satellite communication transceiver, and/or the like.
The (wired and/or wireless) data connection of the data
connector 110 to a train 208 computing device 210, an
EQT device 220, or a remote controller 230 may be per-
sistent or non-persistent. It will be appreciated that many
configurations are possible.
[0062] With further reference to Figure 3, and in further
non-limiting embodiments or aspects, the power source
204 of the distance monitoring device 106 is configured
to provide electronic power to the fastener 107, the dis-
tance sensor 108, the data connector 110, and/or the
local processor 206, as required by the chosen imple-
mentation. The power source 204 may include, but is not
limited to, a battery pack (e.g., a nickel cadmium (NiCad)
battery cell, a nickel metal hydride (NiMH) battery cell, a
lithium ion (Li-ion) battery cell, etc.), a wired direct current
or alternating current power connection, a wireless power
transfer (WPT) receiver, and/or the like. More than one
power source 204 may be employed, and more than one
type of power source 204 may be used in combination.
Batteries may be rechargeable, and the power source
204 may be shared with one or more other electronic
devices, such as an EQT device 220. For a train 208
equipped with an ECP braking system, which may in-
clude a power trainline (e.g., a car-to-car cable for trans-
mitting electricity to power onboard electronics), the pow-
er source 204 may be a wired power connectionto the
ECP power trainline. It will be appreciated that many con-
figurations are possible.
[0063] With further reference to Figure 3, and in further
non-limiting embodiments or aspects, the local processor

206 of the distance monitoring device 106 is configured
to receive distance data from the distance sensor 108.
Optionally, the local processor may receive the position-
ing data indicative of the position of the first coupler, and
positioning data indicative of the position of the second
coupler. The local processor 206 may also be configured
to communicate the distance data and/or the positioning
data to a remote processor, e.g., an EQT device 220, an
onboard computing device 210 (e.g., located on a loco-
motive), a remote controller 230, such as a mobile device
located with a train operator, a train dispatch or back
office server, a computing device of a track bystander,
and/or the like. The local processor 206 may further be
configured to cause the initiation of at least one train ac-
tion at least partially based on the distance data. Train
actions may include, but are not limited to, increasing
movement of a rail car, decreasing movement of a rail
car, stoppinga rail car, reversing movement of a rail car,
engaging/closing a coupler, disengaging/opening a cou-
pler, and/or the like. The local processor 206 may also
be configured to increase a rate of receiving the distance
data (e.g., through increased sample rate by the distance
sensor 108 itself, through increased sample rate of the
distance sensor 108 data stream, etc.) of the distance
between the first rail car and the second rail car as the
distance between the first rail car and the second railcar
decreases. The local processor 206 may also be config-
ured to increase a rate of communicating the distance
data to a remote processor (e.g., an EQT device 220, a
train 208 computing device 210, a remote controller 230,
etc.) as the distance between the first rail car and the
secondrail car decreases. It will be appreciated that many
configurations are possible.
[0064] With further reference to Figure 3, and in further
non-limiting embodiments or aspects, the train 208 may
include a computing device 210 (e.g., a locomotive ECP
controller), which may include a processor 212, a data
storage medium 214 (e.g., non-transitory computer-
readable media), and a transceiver 216 (for communica-
tion with other devices in the network 200). The comput-
ing device 210 may be positioned in or on the train 208,
such as in the locomotive or on another rail car. The EQT
device 220 may include a processor 222, a data storage
medium 224 (e.g., non-transitory computer-readable me-
dia), a transceiver 226 (for communication with otherde-
vices in the network 200), and a power source 228. The
power source 228 of the EQT device 220 is configured
to provide electronic power to the processor 222, data
storage medium 224, and transceiver 226. The power
source 228 may include, but is not limited to, a battery
pack (e.g., a nickel cadmium (NiCad) battery cell, a nickel
metal hydride (NiMH) batterycell, a lithium ion (Li-ion)
battery cell, etc.), a wired direct current or alternating
current power connection, a wireless power transfer
(WPT) receiver, and/or the like. More than one power
source 228 may be employed, and more than one type
of power source 228 may be used in combination. Bat-
teries may be rechargeable, and the power source 228
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may be shared with one or more other electronic devices,
such as a distance monitoring device 106. For a train 208
equipped with an ECP braking system, which may in-
clude a power trainline (e.g., a car-to-car cable for trans-
mitting electricity to power onboard electronics), the pow-
er source 228 may be a wired power connection to the
ECP power trainline.
[0065] With further reference to Figure 3, and in further
non-limiting embodiments or aspects, the remote con-
troller 230 may include a processor 232, a data storage
medium 234 (e.g., non-transitory computer-readable me-
dia), a transceiver 236 (for communication with other de-
vices in the network 200), and a power source 238 (e.g.,
a battery). The remote controller 230 may be any com-
puting device configured to communicate with other de-
vices in the network 200, including with the distance mon-
itoring device 106, either directly or indirectly, such as a
mobile device of alocomotive operator, a train dispatch
or back office server, a computing device of a track by-
stander, and/or the like.
[0066] With reference to Figure 4, and in non-limiting
embodiments or aspects, depicted is a network 300 for
monitoring a distance between a first rail car and a sec-
ond rail car during coupling. As illustrated, dashed lines
indicate communicative connections, including wired
communication channels, wireless communication chan-
nels, or a combination thereof. Provided is a train 208,
upon which is located one or more distance monitoring
devices 106 (abbreviated as "distance monitor" as
shown), which are positioned on one or more rail cars of
the train 208. Communication with the train 208 may be
understood as communication with a computing device
210 or data trainline thereof. The distance monitoring de-
vice 106 may include a fastener 107, a distance sensor
108, a data connector 110, a power source 204, a local
processor 206, a speaker 302, an indicator light 304, and
a display 306. The distance monitoring device 106 may
also be integrated with an EQT device. The fastener 107
may include, but is not limited to, a magnet (e.g., a per-
manent magnet, an electromagnet, etc.), a magnetic ma-
terial for attraction to a magnet on the rail car, a threaded
fastener (e.g., nut-and-bolt, screw, stud, etc.), a clamp,
a clip, a tie, a strap, a snap, and/or the like. One or more
fasteners 107 may be used to secure the distance mon-
itoring device 106 to a rail car, and more than one type
of fastener may beused in combination. The fastener 107
may affix the distance monitoring device 106 to a rail
carsidewall, a rail car frame (e.g., a flatcar bed), a coupler
of a rail car, or any portion of a rail car such that the
distance sensor 108 may determine the proximity of the
rail cars during coupling. The distance sensor 108 may
include, but is not limited to, a Doppler sensor, a magnetic
field sensor, an optical sensor (e.g., photoelectric, pho-
tocell, laser rangefinder, infrared), a radar sensor, a
LIDAR sensor, a sonar sensor, and/or the like. The dis-
tance monitoring device 106 may include one or more
distance sensors 108, including one or more types of
distance sensor 108. The distance monitoring device 106

may use the distance sensor 108 to determine a distance
between rail car bodies, a distance between a rail car
body and a coupler, a distance between couplers, or a
combination thereof. It will be appreciated that many con-
figurations are possible, and the distance monitoring de-
vice 106 may be configured to determine a distance be-
tween any point associated with the first rail car and any
point associated with the second rail car.
[0067] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the data connector
110 may be a wired or wireless connector to a wired or
wireless data connection, or a combination thereof (e.g.,
a wired connection to a wireless transceiver), and the
data connector 110 may provide communication be-
tween the distance monitoring device 106 and a remote
processor, e.g., a train 208 computing device 210 (e.g.,
a locomotive ECP controller), a remote controller 230
(e.g., a mobile device of a locomotive operator, a train
dispatch of back office server, a computing device of a
track bystander, etc.), and/or the like. The data connector
110 may be a wireless transceiver for wireless commu-
nication to a remote controller 230. The data connector
110 may include, but is not limited to, a serial advanced
technology attachment (SATA) connector, a serial at-
tached SCSI (SAS) connector, a universal serial bus
(USB) connector, an Ethernet connector, a Firewire con-
nector, a radio transceiver, a Wi-Fi transceiver, an infra-
red communication transceiver, a satellite communica-
tion transceiver, and/or the like. The (wired and/or wire-
less) data connection of the data connector 110 to a train
208 computing device 210, a remote controller 230,
and/or the like may be persistent or non- persistent. It
will be appreciated that many configurations are possible.
[0068] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the power source
204 of the distance monitoring device 106 is configured
to provide electronic power to the fastener 107, the dis-
tance sensor 108, the data connector 110, and/or the
local processor 206, as required by the chosen imple-
mentation. The power source 204 may include, but is not
limited to, a battery pack (e.g., a nickel cadmium (NiCad)
battery cell, a nickel metal hydride (NiMH) battery cell, a
lithium ion (Li-ion) battery cell, etc.), a wired direct current
or alternating current power connection, a wireless power
transfer (WPT) receiver, and/or the like. More than one
power source 204 may be employed, and more than one
type of power source 204 may be used in combination.
Batteries may be rechargeable, and a same power
source 204 may be used for an integrated distance mon-
itoring device 106 and EQT device. For a train 208
equipped with an ECP braking system, which may in-
clude a power trainline (e.g., a car-to-car cable for trans-
mitting electricity to power onboard electronics), the pow-
er source 204 may be a wired power connectionto the
ECP power trainline. It will be appreciated that many con-
figurations are possible.
[0069] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the local processor
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206 of the distance monitoring device 106 is configured
to receive distance data from the distance sensor 108.
The local processor 206 may also be configured to com-
municate the distance data to a remote processor, e.g.,
an onboard computing device 210 (e.g., located on alo-
comotive), a remote controller 230, such as a mobile de-
vice located with a train operator, a train dispatch or back
office server, a computing device of a track bystander,
and/or the like. The local processor 206 may further be
configured to cause the initiation of at least one train ac-
tion at leastpartially based on the distance data. Train
actions may include, but are not limited to, increasing
movement of a rail car, decreasing movement of a rail
car, stopping a rail car, reversing movement of a rail car,
engaging/closing a coupler, disengaging/opening a cou-
pler, and/or the like. The local processor 206 may also
be configured to increase a rate of receiving the distance
data (e.g., through increased sample rate by the distance
sensor 108 itself, through increased sample rate of the
distance sensor 108 data stream, etc.) of the distance
between the first rail car and the second railcar as the
distance between the first rail car and the second rail car
decreases. The local processor 206 may also be config-
ured to increase a rate of communicating the distance
data to a remote processor (e.g., a train 208 computing
device 210, a remote controller 230, etc.) as the distance
between the first rail car and the second rail car decreas-
es. It will be appreciated that many configurations are
possible.
[0070] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the distance mon-
itoring device 106 may include a speaker 302 to emit a
sound (e.g., a beep, a chirp, a recorded message, etc.),
such as when the distance monitoring device 106 is col-
lecting distance data. Sounds produced by the speaker
302 may reflect a sample rate of the distance sensor 108
and/or the current distance between the rail cars 102a,
102b (e.g., a tempo/rhythm of sound proportional to the
sample rate, inversely proportional to the distance, etc.).
The speaker 302 mayalso be configured to emit a sound
for status changes of the distance monitoring device 106,
suchas powering on, powering off, beginning a monitor-
ing process, terminating a monitoring process, and/or the
like. For implementations where the distance monitoring
device 106 is integrated withan EQT device, the speaker
302 may perform the sound functions of both devices. It
will be appreciated that many configurations are possible.
[0071] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the distance mon-
itoring device 106 may further include an indicator light
304 to reflect a status of thedistance monitoring device
106. Statuses may include, but not limited to, a power
level status (e.g., green light for high battery level, yellow
light for low battery level), an on/off status (e.g., illumi-
nated when active), a distance sensor 108 sample rate
(e.g., blinking at a tempo proportional to the sample rate),
a proximity/distance status (e.g., green light when un-
coupled and at a distance,red light when couplers have

connected), and/or the like. The indicator light 304 may
providevisual feedback to show that the distance moni-
toring device 106 is operating properly, and mayfurther
provide an additional layer of feedback should personnel
be within sight-range of thedistance monitoring device
106. It will be appreciated that many configurations are
possible.
[0072] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, thedistance mon-
itoring device 106 may further include a display to allow
personnel to configure thedistance monitoring device
106, view distance data (both historic and/or current),
check a statusof the distance monitoring device 106 (e.g.,
on/off, active/inactive, functional/errored), and/or the like.
It will be appreciated that many configurations are pos-
sible.
[0073] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the train 208 may
include a computing device 210 (e.g., a locomotive ECP
controller), which may include a processor 212, a data
storage medium 214 (e.g., non-transitory computer-
readable media), and a transceiver 216 (for communica-
tion with other devices in the network 300). The comput-
ing device 210 may be positioned in or on the train 208,
such as in the locomotive or on another rail car. The proc-
essor 212 may be used to analyze the distance data from
the distance monitoring device 106 and automatically
control operation of a locomotive of the train 208 to control
the movement of the coupling. For example, the distance
data may indicate a greater distance than a predeter-
mined threshold for the rail cars being coupled, the
threshold indicative of a distance required to engage the
couplers of the rail cars. In response, the processor 212
may direct the locomotive to move one of the rail cars
toward the other rail car, to reduce the distancebetween
the rail cars. Thereafter, in response to determining that
the distance data satisfies a threshold distance required
for coupling, the processor 212 may direct the locomotive
to halt movement (wherein, the coupling is presumed to
be complete or able to be completed). The processor 212
may also reduce the speed of movement of a locomotive
as the distance between the rail cars reduces, to allow
for a safe speed for coupler connection. In this manner,
a closed- loop automated coupling system can be estab-
lished, allowing the train to self-couple cars throughcom-
munications between the distance monitoring device 106
and a train 208 computing device 212. For couplers that
must be engaged manually, the same steps may be car-
ried out for athreshold indicative of a distance that the
couplers are able to be manually connected. Moreover,
for self-propelled rail cars that do not require a separate
locomotive, the same steps may be carried out as an
instruction to the self-propelled rail car to move along the
track to complete a coupling operation. The computing
device 210 may also present the distance data on a dis-
play to personnel (e.g., a locomotive operator), by which
the personnel may control movement and train actions
ofthe coupling operation. It will be appreciated that many
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configurations are possible.
[0074] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the remote con-
troller 230 may include a processor 232, a data storage
medium 234 (e.g., non-transitory computer-readable me-
dia), a transceiver 236 (for communication with other de-
vices in the network 300), a power source 238 (e.g., a
battery), a control interface 308 (e.g., a touch screen,
abutton array, etc.), a speaker 310, an indicator light 312,
and a display 314. The remote controller 230 may be any
computing device configured to communicate with other
devices in thenetwork 300, including with the distance
monitoring device 106, either directly or indirectly, such
as a mobile device of a locomotive operator, a train dis-
patch or back office server, a computing device of a track
bystander, and/or the like. Both the train 208 computing
device 210 and the remote controller 230 may be con-
sidered a remote processor for the purposes of receiving
distance data, analyzing distance data, and/or controlling
train actions related to the coupling process. It will be
appreciated that many configurations are possible.
[0075] With further reference to Figure 4, and in further
non-limiting embodiments or aspects, the remote con-
troller 230 may be used to analyze the distance data from
the distance monitoring device 106 and automatically
control operation of a locomotive of the train 208 (or self-
propelled rail cars thereof) to control the movement of
the coupling process. For example, the distance data
may indicate a greater distance than a predetermined
threshold for the rail cars being coupled, thethreshold
indicative of a distance required to engage the couplers
of the rail cars. In response, the remote controller 230
may direct the locomotive (or self-propelled rail car en-
gines/motors) to move one of the rail cars toward the
other rail car, to reduce the distance between the rail
cars. Thereafter, in response to determining that the dis-
tance data satisfies a threshold distance required for cou-
pling, the remote controller 230 may direct the locomotive
(or self-propelled rail car engines/motors or brakes) to
halt movement (wherein, the coupling is presumed to be
complete or able to be completed). The remote controller
230 may also reduce the speed of movement of a loco-
motive (or self-propelled rail car engines/motors) as the
distance between the rail cars reduces, to allow for a safe
speed for coupler connection. In this manner, a closed-
loop automated coupling system can be established, al-
lowing the train to self-couple cars through communica-
tions between the distance monitoring device 106 and a
remote controller 230. For couplers that must be engaged
manually, the same steps may be carried out for a thresh-
old indicative of a distance that the couplers are able to
be manually connected. The remote controller 230 may
also present the distance data on a display 314 to per-
sonnel (e.g., a locomotive operator, a track bystander, a
train dispatch or back office personnel, etc.), by which
the personnel may control movement and trainactions of
the coupling operation through the control interface 308.
In such arrangements, the speaker 310 may provide au-

dio feedback to the personnel (e.g., tones or messages
indicative of the distance or status of the coupling proc-
ess), the indicator light 312 may provide visual feedback
of a status of the remote controller (e.g., power level,
on/off status, coupling process status, etc.), and the dis-
play 314 may provide visual feedback for monitoring and
controlling the coupling process. It will be appreciated
that many configurations are possible.
[0076] With reference to Figure 5, and in non-limiting
embodiments or aspects, provided is a method 400 for
monitoring a distance between a first rail car and a sec-
ond rail car during coupling. The method 400 may be
completed by a local processor of the distance monitoring
device and/ora remote processor. The method 400 may
include, at step 402, receiving distance data from a dis-
tance sensor of a distance monitoring device, the dis-
tance monitoring device affixed to one of,and positioned
between, a first rail car and a second rail car. The distance
sensor is configured todetect a distance between the first
rail car and the second rail car in a direction away from
an endof one rail car and toward an end of the other rail
car. The detected distance may be a signal indicative of
a value (e.g., 20 meters, 30 feet, etc.) or a category (e.g.,
near, far, connected). The method 400 may include, in
step 404, automatically controlling movement of the first
rail car and/or the second rail car to reduce the distance
between the first rail car and the second rail car. Step
404 may be based at least partially on the distance data,
e.g., if the distance data is above a threshold distance,
continue reducing the distance between the rail cars, if
the distance data satisfies a threshold indicative of nearly
complete or complete, slow or halt movement, etc. The
method 400 may include, in step 406, detecting one or
more obstacles, if present, between the first rail car and
thesecond rail car. Step 406 may be based at least par-
tially on the distance data, e.g., the distance data may
indicate a drop in distance that is unexpected and is in-
dicative of a blockage, the distance data may indicate an
uneven surface indicative of track damage or misalign-
ment, the distance data may indicate a moving obj ect
that is not the other rail car, etc. Obstacles may include,
but are notlimited to, people, animals, or objects in the
path (or potentially entering the path) of the coupling proc-
ess, track damage, misalignment of the rail cars, mis-
alignment of the couplers, and/or the like. If an obstacle
is detected instep 406, the method 400 may include, in
step 408, temporarily suspending movement of the first
rail car and/or the second rail car until the at least one
obstacle is no longer detected between thefirst rail car
and the second rail car. It will be appreciated that many
configurations are possible. In one or more embodi-
ments, the distance monitoring device may communicate
an alert responsive to detecting an obstacle on or enter-
ing the path of the rail cars, track damage, misalignment
of the rail cars, misalignment of the couplers, or the like.
For example, the distance monitoring device may com-
municate the alert to an operator onboard the first and/or
second rail cars, to an operator off-board the rail cars,
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such as an operator located at a dispatch center, to other
rail vehicles that may be moving along the same track
(e.g., towards the first and second rail cars), or the like.
In one or more embodiments, a priority of the alert may
be based on the proximity of the first rail car to the second
rail car, a speed of movement of one or both of the rail
cars, a type of cargo being carried by the first and/or
second rail cars, or the like. For example, the alert may
have a lower priority based on the first and second rail
cars being disposed a distance apart from each other
that is greater than a threshold distance (e.g., 5 meters,
10 meters, or the like), or alternatively the alert may have
a higher priority based on the first and second rail cars
being disposed a distance apart from each other that is
less than the threshold distance.
[0077] In one or more embodiments, the distance mon-
itoring device may determine whether the first coupler is
misaligned with the second coupler based on a compar-
ison of the position of the first coupler with the position
of the second coupler. For example, one or more of the
local processor, the computing device and/or the remote
controller may receiving the positioning data of the first
coupler and the second coupler (e.g., distance data D1,
D2, D3, D4, D5, D6, and/or D7) and compare the position
of the first coupler with the position of the second coupler.
[0078] The local processor, the computing device
and/or the remote controller may determine that the first
coupler may be prohibited from coupling with the second
coupler based on the first and second couplers are mis-
aligned with each other. For example, the misaligned first
and second couplers may be unable to successfully cou-
ple with each other while misaligned. In one embodiment,
the first coupler may be determined to be misaligned with
the second coupler based on a difference between the
position of the first coupler and the position of the second
coupler being outside a determined alignment threshold.
The determined alignment threshold may be a distance
threshold, a radial position threshold, a vertical threshold,
or the like.
[0079] As one example, the distance D6 of the first
coupler may be about 3 meters, and the distance D7 of
the second coupler may be about 1 meter. The first and
second couplers may be prohibited from coupling with
each other based on the first and second couplers being
positioned at different distances away from the surface
of the track. As another example, the distance D4 of the
first coupler may be about 2 meters, and the distance D5
of the second coupler may be about 5 meters. The first
and second couplers being disposed at different distanc-
es away from surfaces of the corresponding rail vehicles
may prohibit the first and second couplers from being
coupled together. For example, the first coupler may col-
lide or interfere with a portion of the second rail car, and/or
the second coupler may collide or interfere with a portion
of the first rail car based on the first and second couplers
being misaligned with each other. As another example,
the first coupler may be oriented at a first radial position
(e.g., relative to one or more surfaces of the track or the

first rail car), and the second coupler may be oriented at
a second radial position (e.g., relative to one or more
surfaces of the track or the second rail car). The different
orientations of the first and second couplers may prohibit
components of the first coupler from coupling with com-
ponents of the second coupler.
[0080] In one or more embodiments, at step 404, the
movement of the first and/or second rail cars may be
based on the alignment of the first and second couplers.
For example, the local processor, the computing device
and/or the remote controller may determine that the first
coupler is misaligned with the second coupler. The local
processor of the distance monitoring device, the comput-
ing device of one or more of the rail cars, and/or the re-
mote controller may initiate an action of one or more of
the first coupler, the second coupler, the first rail car,
and/or the second rail car based on the first coupler being
misaligned with the second coupler. The action initiated
by the local processors, the computing device, and/or
remote controller may change the position of one or both
of the first coupler or the second coupler, such that the
first and second couplers may be aligned with each other
within the determined alignment threshold. For example,
the action may be to move the first coupler to change
one or more of the distances D2, D3, D4, or D6; to move
the second coupler to change one or more of the distanc-
es D2, D3, D5, or D7, or to move one of the first or second
rail cars to change one or more of the distances D1 or
D3. In one embodiment, the action may be to change a
radial position of one or both of the first or second cou-
plers. For example, the action may be to pivot or rotate
one of the first or second couplers to change the radial
position of the first or second coupler, respectively.
[0081] With further reference to Figure 5, and in further
non-limiting embodiments or aspects, themethod 400
may include, in step 410, determining if a distance thresh-
old is met (i.e., satisfied) that is representative of a com-
pleted rail car coupling. The distance threshold may be
a value of adistance between the rail car bodies, the rail
car couplers, or between two other points of the railcars
that is known to be the distance when the rail cars are
successfully coupled. For example, ten feet may be a
known distance between the two rail car bodies when
they are connected, and thedistance threshold may be
satisfied when the distance data indicates a distance be-
tween the tworail car bodies of ten feet or less. The dis-
tance threshold may further be categorical, wherein the
underlying distance of a successful coupling is embed-
ded in the distance data-e.g., when fifteen feet may be
predetermined to be "near" coupling, and ten feet may
be predetermined to be a"completed" coupling, distance
data may indicate "near" at fifteen feet and "complete" at
ten feetor less, thereby satisfying a distance threshold
category of "complete." A threshold distance may be dy-
namically determined based on the rail cars involved in
the coupling process, such as basedon the type of rail
car and the configuration of the rail car body, coupler,
and/or the like. It will beappreciated that many configu-
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rations are possible.With further reference to Figure 5,
and in further non-limiting embodiments or aspects, the
method 400 may include, in step 412, in response to de-
termining that the distance threshold is satisfied, stopping
movement of the first rail car and/or the second rail car.
The method 400 may further include, in step 414, ac-
counting for non-linear rail below the rail cars. For exam-
ple, a rise, descent, or curve of the rail track may effec-
tively change the threshold distance representative of a
completed coupling and may interfere with detecting ob-
stacles. Step 414 may be completed by controlling an
angle of the distance sensor, in 416, such as to modify
a sensing direction of the distance sensor to counteract
the rise, descent, or curve of the rail track-i.e., raising the
distance sensor angle on a rise, lowering the distance
sensor angle on a descent, and/or angling the distance
sensor left or right with left or right curves of the rail track.
For example, the orientation of the distance sensor may
be changed based on the rail cars being non-linear rail
cars (e.g., the rail cars are positioned on a curved portion
of a track). The position or orientation of the sensors may
be remotely adjusted, such as by the remote controller,
the computing device, or the like.
[0082] In one or more embodiments, changing the ori-
entation of the distance sensor may change the position-
ing data of the first coupler and/or the positioning data of
the second coupler detected by the distance sensor.
Changes in angle of the distance sensor may be propor-
tional to the changes in the non-linear rail. Changes in
the non-linear rail may be detected by the distance sensor
directly, another sensing device, or may be determined
through track data stored in a data storage medium con-
nected to a controlling processor and identified based on
the geolocation of the distance monitoring device. Step
414 may further be completed by filtering or adjusting the
distance data in step 418, instead of or in addition to step
416. As one example, the positioning data of the first
coupler and/or the positioning data of the second coupler
may be adjusted, such as by a determined algorithm or
other calculation, based on the first and second rail cars
being positioned on a non-linear route. As another
example, , the distance sensor may generate distance
data with an effective "field of view," i.e., a sensed domain
and range. The distance data may be filtered to focus on
portions of the field of view, i.e., portions of the domain
and range of sensed data, in the direction of the change
in non-linear rail. For example, the upper field of view
may be prioritized in filtering for a rise in rail track, the
lower field of view may be prioritized in filtering for a de-
scent in rail track, and/or an off-center field ofview may
be prioritized in filtering for a curve in rail track. It will be
appreciated that many configurations are possible.
[0083] In one or more embodiments, the distance mon-
itoring device, the computer device, and/or the remote
controller may control one or more actions of the first
and/or second coupler during the coupling event. For ex-
ample, Figure 6 illustrates a flowchart 600 of one example
of a method of connecting couplers of vehicle systems.

The vehicle systems may be rail cars, or alternative ve-
hicle systems such as automobiles, trucks, mining vehi-
cles, agricultural vehicles, marine vessels, aircraft, or the
like. At step 602, positioning data of a first coupler and a
second coupler may be detected. The positioning data
may be detected by one or more sensors, such as sen-
sors of a distance monitoring device. Optionally, some
of the positioning data may be detected by sensors sep-
arate from the distance monitoring device, such as way-
side sensors, wayside devices, other vehicles, or the like.
The positioning data may be communicated to one or
more processors, such as processors of the distance
monitoring device, a computing device of one or both of
the vehicles being coupled together, a remote controller,
or the like. The rate at which the positioning data is com-
municated by the sensors may be based on the distance
between a first and second coupler, a distance between
the two vehicles being coupled together during the cou-
pling event, or the like. For example, as the distance be-
tween the couplers decreases, the rate at which the po-
sitioning data is communicated may increase, or as the
distance between the couplers increases, the rate which
the positioning data is communicated may decrease.
[0084] At step 604, a determination is made whether
the first coupler and the second coupler are aligned with
each other. The couplers may be determined to be mis-
aligned with each other based on the positioning data of
the first coupler compared with the positioning data of
the second coupler. For example, the first and second
couplers may be determined to be misaligned with each
other based on a difference between the position of the
first coupler and the position of the second coupler being
outside of a determined alignment threshold. In one em-
bodiment, the determined alignment threshold may be a
predetermined value, percentage, ratio, or the like, that
may be based on the type or style of couplers being used.
For example, the first and second couplers may be buffer
and chain couplers that may have a first determined align-
ment threshold, or alternatively the first and second cou-
plers may be link and pin couplers that may have a sec-
ond determined alignment threshold, that may be differ-
ent than the first determined alignment threshold.
[0085] If it is determined that the first and second cou-
plers are misaligned with each other outside of the de-
termined alignment threshold, flow of the method pro-
ceeds toward step 606. Alternatively, if the first and sec-
ond couplers are aligned with each other, such as within
the determined alignment threshold, flow of the method
proceeds toward step 608. At step 606, one or more ac-
tions of the first coupler, the second coupler, the first ve-
hicle system, and/or the second vehicle system may be
initiated. The one or more actions may be automatically
initiated, such as by the local processor of the distance
monitoring device, the computing device onboard one of
the rail vehicles, the remote controller, or the like. The
one or more actions may be to move or change a position
of the first coupler, to move or change a position of the
second coupler, or to move or change a position of one
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or both of the first or second vehicle systems. Optionally,
the action may be to change a position of one or more
components of the first coupler or one or more compo-
nents of the second coupler. For example, the couplers
may be hook couplers, and the positioning of the hook
of the first coupler may be adjusted, pivoted, or the like,
such that the first hook coupler is aligned with the second
hook coupler. Optionally, the couplers may be link and
pin couplers, and a position of the pin may be changed
(e.g., moved up, down, toward one side or another, or
the like) to align the pin with the link within the determined
alignment threshold. Flow of the method may proceed
toward step 608 responsive to the completion of the ac-
tion to align the first and second couplers.
[0086] In one or more embodiments, the distance mon-
itoring device may communicate an alert, such as to the
computer device of one of the vehicle systems, the re-
mote controller, or the like, indicating that the first coupler
is misaligned with the second coupler. The alert may have
or include a priority level that may be based on a distance
between the first and second vehicles, distances be-
tween the first and second couplers (e.g., the distance
away from the determined alignment threshold), a speed
of movement of one or both of the vehicle systems, or
the like.
[0087] At step 608, one or more actions of one or more
components of the first coupler and/or one or more ac-
tions of one or more components of the second coupler
may be automatically initiated to complete the coupling
event. As one example, the first and second couplers
may be link and pin couplers, and an action of the pin
may be initiated to move the pin to be disposed at a po-
sition within the hook to complete the coupling event. As
another example, the first and second couplers may be
electromagnetic couplers, and a current may be applied
to the first and/or second coupler to couple the first and
second electromagnetic couplers with each other.
[0088] At step 610, the sensors of the distance moni-
toring device may detect sensor data indicative of the
completion of movement of the one or more components
of the first and/or second couplers. For example, the sen-
sors may detect the positioning of the pin in the hook and
pin couplers, and one or more processors may determine
that the pin is in the correct position (e.g., fully loaded
within the link) for completing the coupling event. Alter-
natively, the sensor data may indicate a position of the
pin relative to the position of the link, and the one or more
processors may determine that the pin is in an incorrect
position, has not traveled far enough, or the like, to com-
plete the coupling event. As another example, the proc-
essors may receive sensor data indicative of positioning
of knuckle couplers, and may determine that the coupling
event is completed or is not completed based on the po-
sitioning of each of the knuckle couplers relative to each
other. In one or more embodiments, the processors may
receive sensor data responsive to the coupling event be-
ing completed. In another embodiment, the processors
may receive sensor data during the coupling event, such

as to determine progress of the coupling event while the
coupling event is occurring.
[0089] At step 612, the local processor of the distance
monitoring device, the computer device of one of the ve-
hicle systems, or a remote controller may automatically
control movement of one or both of the vehicle systems.
In one embodiment, the first vehicle system may be di-
rected to move in a direction away from the second ve-
hicle system subsequent to completing the coupling
event. For example, the first vehicle system may be di-
rected to move away from the second vehicle system to
verify or confirm that the coupling event was successful,
completed, and the first and second vehicles are coupled
together. For example, the first and second vehicle sys-
tems may move away from each other such that the cou-
plers are stretched apart from each other to confirm that
the first and second vehicle systems are accurately cou-
pled with each other.
[0090] Returning to Figure 5, and in further non-limiting
embodiments or aspects, the method 400 may include
modifying a distance data sample rate of the distance
sensor, in step 420. The sample rate may be increased
in response to a detected decrease in the distance be-
tween the first rail car and the second rail car, to provide
for added precision as the coupling nears completion.
The increase in the sample rate may be a linear, pro-
gressing increase that is proportional to the decrease in
distance between the rail cars. The sample rate may also
be modified to increase or decrease the sample rate at
different detected threshold distances between the rail
cars. The method 400 may further include, in step 422,
modifying a movement parameterof the first rail car or
second rail car, as the coupling is in process. Movement
parameters include,but are not limited to, speed of a rail
car, speed of a locomotive associated with a rail car, a
level of brake pipe pressure or brake engagement of a
rail car, and/or the like. It will be appreciated that many
configurations are possible.
[0091] With further reference to the foregoing figures,
remote processors (e.g., train computing devices, re-
mote controllers, etc.) may be manually operated and
controlled by personnel to monitor and control rail car
coupling processes. Such remote processors may in-
clude or be communicatively connected to a display to
provide visual feedback of the coupling process. In ar-
rangements where the distance monitoring device and/or
distance sensor includes a camera configured to gener-
ate video/image data, the video/image data may be com-
municated to the display of the remote processor for view-
ing by personnel. The video/image data may allow the
personnel to use a control interface of the remote proc-
essor (e.g., buttons, keyboard/mouse, levers, touch-
screen, and/or the like) to control the movement of one
or more rail cars and complete a coupling process. Re-
mote processors may also assist with control of the train
actions and may bepartially or fully automated. It will be
appreciated that many configurations are possible.
[0092] Although the disclosure has been described in
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detail for the purpose of illustration based on what is cur-
rently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is
solely for that purpose and that the disclosure is not lim-
ited to the disclosed embodiments, but, on the contrary,
is intended to cover modifications and equivalent ar-
rangements that are within the spirit and scope of the
appended claims. For example, it is to be understood
that the present disclosure contemplates that, to the ex-
tent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.
[0093] In one embodiment, the distance monitoring de-
vice, the remote controller, and/or the computing device
may have a local data collection system deployed that
may use machine learning to enable derivation-based
learning outcomes. The controller may learn from and
make decisions on a set of data (including data provided
by the various sensors), by making data-driven predic-
tions and adapting according to the set of data. In em-
bodiments, machine learning may involve performing a
plurality of machine learning tasks by machine learning
systems, such as supervised learning, unsupervised
learning, and reinforcement learning. Supervised learn-
ing may include presenting a set of example inputs and
desired outputs to the machine learning systems. Unsu-
pervised learning may include the learning algorithm
structuring its input by methods such as pattern detection
and/or feature learning. Reinforcement learning may in-
clude the machine learning systems performing in a dy-
namic environment and then providing feedback about
correct and incorrect decisions. In examples, machine
learning may include a plurality of other tasks based on
an output of the machine learning system. In examples,
the tasks may be machine learning problems such as
classification, regression, clustering, density estimation,
dimensionality reduction, anomaly detection, and the
like. In examples, machine learning may include a plu-
rality of mathematical and statistical techniques. In ex-
amples, the many types of machine learning algorithms
may include decision tree based learning, association
rule learning, deep learning, artificial neural networks,
genetic learning algorithms, inductive logic program-
ming, support vector machines (SVMs), Bayesian net-
work, reinforcement learning, representation learning,
rule-based machine learning, sparse dictionary learning,
similarity and metric learning, learning classifier systems
(LCS), logistic regression, random forest, K-Means, gra-
dient boost, K-nearest neighbors (KNN), a priori algo-
rithms, and the like. In embodiments, certain machine
learning algorithms may be used (e.g., for solving both
constrained and unconstrained optimization problems
that may be based on natural selection). In an example,
the algorithm may be used to address problems of mixed
integer programming, where some components restrict-
ed to being integer-valued. Algorithms and machine
learning techniques and systems may be used in com-
putational intelligence systems, computer vision, Natural

Language Processing (NLP), recommender systems, re-
inforcement learning, building graphical models, and the
like. In an example, machine learning may be used for
vehicle performance and behavior analytics, and the like.
[0094] In one embodiment, the distance monitoring de-
vice, the remote controller, and/or the computing device
may include a policy engine that may apply one or more
policies. These policies may be based at least in part on
characteristics of a given item of equipment or environ-
ment. With respect to control policies, a neural network
can receive input of a number of environmental and task-
related parameters. These parameters may include an
identification of a determined trip plan for a vehicle group,
data from various sensors, and location and/or position
data. The neural network can be trained to generate an
output based on these inputs, with the output represent-
ing an action or sequence of actions that the vehicle
group should take to accomplish the trip plan. During
operation of one embodiment, a determination can occur
by processing the inputs through the parameters of the
neural network to generate a value at the output node
designating that action as the desired action. This action
may translate into a signal that causes the vehicle to op-
erate. This may be accomplished via back-propagation,
feed forward processes, closed loop feedback, or open
loop feedback. Alternatively, rather than using backprop-
agation, the machine learning system of the controller
may use evolution strategies techniques to tune various
parameters of the artificial neural network. The controller
may use neural network architectures with functions that
may not always be solvable using backpropagation, for
example functions that are non-convex. In one embodi-
ment, the neural network has a set of parameters repre-
senting weights of its node connections. A number of
copies of this network are generated and then different
adjustments to the parameters are made, and simula-
tions are done. Once the output from the various models
are obtained, they may be evaluated on their perform-
ance using a determined success metric. The best model
is selected, and the vehicle controller executes that plan
to achieve the desired input data to mirror the predicted
best outcome scenario. Additionally, the success metric
may be a combination of the optimized outcomes, which
may be weighed relative to each other.
[0095] In one or more embodiments of the subject mat-
ter described herein, a system may include a sensor that
may detect positioning data indicative of a position of a
first coupler of a first vehicle system and positioning data
indicative of a position of a second coupler of a second
vehicle system during a coupling event of the first vehicle
system and the second vehicle system. A controller may
include one or more processors that may receive the po-
sitioning data of the first coupler and the positioning data
of the second coupler. The controller may determine
whether the first coupler is misaligned with the second
coupler based on a comparison of the position of the first
coupler and the position of the second coupler. The first
coupler may be prohibited from coupling with the second
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coupler while the first and second couplers are mis-
aligned. The controller may initiate at least one action of
one or more of the first coupler, the second coupler, the
first vehicle system, or the second vehicle system to
change a position of one or more of the first coupler, the
second coupler, the first vehicle system, or the second
vehicle system. Changing the position of the one or more
of the first coupler, the second coupler, the first vehicle
system, or the second vehicle system aligns the first cou-
pler with the second coupler.
[0096] Optionally, the first coupler may be determined
to be misaligned with the second coupler based on a
difference between the position of the first coupler and
the position of the second coupler being outside a deter-
mined alignment threshold.
[0097] Optionally, initiating the at least one action of
the one or more of the first coupler, the second coupler,
the first vehicle system, or the second vehicle system
aligns the first coupler with the second coupler within the
determined alignment threshold.
[0098] Optionally, the determined alignment threshold
may be one or more of a distance threshold, a radial
position threshold, or a vertical threshold.
[0099] Optionally, the controller may communicate an
alert responsive to determining that the first coupler is
misaligned with the second coupler.
[0100] Optionally, the controller may initiate at least
one action of one or more of a component of the first
coupler or a component of the second coupler responsive
to determining that the first coupler is aligned with the
second coupler.
[0101] Optionally, the controller may receive sensor
data from the sensor responsive to the initiation of the at
least one action of the one or more of the component of
the first coupler or the component of the second coupler.
The sensor data may be indicative of completion of move-
ment of the at least one action of the one or more of the
component of the first coupler or the component of the
second coupler and completion of the coupling event.
[0102] Optionally, the controller may control move-
ment of one or more of the first vehicle system or the
second vehicle system responsive to the initiation of the
at least one action of the one or more of the component
of the first coupler or the component of the second cou-
pler. The controller may direct one of the first vehicle
system or the second vehicle system to move in a direc-
tion away from the other of the first vehicle system or the
second vehicle system to verify the completion of the
coupling event.
[0103] Optionally, the controller may change an orien-
tation of the sensor. Changing the orientation of the sen-
sor may change the positioning data detected by the sen-
sor.
[0104] Optionally, the controller may adjust one or
more of the positioning data indicative of the position of
the first coupler or the positioning data indicative of the
position of the second coupler based on the first vehicle
system and the second vehicle system being positioned

on a non-linear route.
[0105] Optionally, the first vehicle system may be a
first rail vehicle and the second vehicle system may be
a second rail vehicle.
[0106] Optionally, the sensor may include one or more
of a LIDAR sensor, a radar sensor, a sonar sensor, an
optical sensor, an ultrasonic sensor, or a thermal sensor.
[0107] In one or more embodiments of the subject mat-
ter described herein, a method may include detecting
positioning data indicative of a position of a first coupler
of a first vehicle system and positioning data indicative
of a position of a second coupler of a second vehicle
system during a coupling event of the first vehicle system
and the second vehicle system. A determination may be
made whether the first coupler is misaligned with the sec-
ond coupler based on a comparison of the position of the
first coupler and the position of the second coupler. The
first coupler may be prohibited from coupling with the
second coupler while the first and second couplers are
misaligned. At least one action of one or more of the first
coupler, the second coupler, the first vehicle system, or
the second vehicle system may be initiated responsive
to determining that the first coupler is misaligned with the
second coupler to change a position of one or more of
the first coupler, the second coupler, the first vehicle sys-
tem, or the second vehicle system. Changing the position
of one or more of the first coupler, the second coupler,
the first vehicle system, or the second vehicle system
aligns the first coupler with the second coupler.
[0108] Optionally, at least one action of one or more
of a component of the first coupler or a component of the
second coupler may be initiated responsive to determin-
ing that the first coupler is aligned with the second cou-
pler.
[0109] Optionally, sensor data may be received from
a sensor responsive to the initiation of the at least one
action of the one or more of the component of the first
coupler or the component of the second coupler. The
sensor data may be indicative of completion of the at
least one of the one or more of the component of the first
coupler or the component of the second coupler.
[0110] Optionally, movement of one or more of the first
vehicle system or the second vehicle system may be con-
trolled responsive to the initiation of the at least one action
of the one or more of the component of the first coupler
or the component of the second coupler to move in a
direction away from the other of the first vehicle system
or the second vehicle system.
[0111] Optionally, an orientation of the sensor may be
changed to change one or more of the positioning data
indicative of the position of the first coupler or the posi-
tioning data indicative of the position of the second cou-
pler.
[0112] Optionally, it may be determined that the first
coupler is misaligned with the second coupler based on
a difference between the position of the first coupler and
the position of the second coupler is outside a determined
alignment threshold. The determined alignment thresh-
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old may be one or more of a distance threshold, a radial
position threshold, or a vertical threshold.
[0113] Optionally, one or more of the positioning data
indicative of the position of the first coupler or the posi-
tioning data indicative of the position of the second cou-
pler may be adjusted based on the first vehicle system
and the second vehicle system being positioned on a
non-linear route.
[0114] In one or more embodiments of the subject mat-
ter described herein, a system may include a monitoring
device including one or more sensors that may detect
positioning data indicative of a position of a first coupler
of a first rail vehicle and positioning data indicative of a
position of a second coupler of a second rail vehicle dur-
ing a coupling event of the first rail vehicle and the second
rail vehicle. A controller may include one or more proc-
essors that may control operation of one or more of the
first coupler, the second coupler, the first rail vehicle, or
the second rail vehicle. The controller may receive the
positioning data of the first coupler and the positioning
data of the second coupler. The controller may determine
whether the first coupler is misaligned with the second
coupler based on a comparison of the position of the first
coupler and the position of the second coupler. The first
coupler may be determined to be misaligned with the
second coupler based on a difference between the po-
sition of the first coupler and the position of the second
coupler being outside a determined alignment threshold.
The controller may initiate at least one action of one or
more of the first coupler, the second coupler, the first rail
vehicle, or the second rail vehicle responsive to deter-
mining that the first coupler is misaligned with the second
coupler to change a position of one or more of the first
coupler, the second coupler, the first rail vehicle, or the
second rail vehicle. Changing the position of the one or
more of the first coupler, the second coupler, the first rail
vehicle, or the second rail vehicle aligns the first coupler
with the second coupler. The controller may initiate at
least one action of one or more of a component of the
first coupler or a component of the second coupler re-
sponsive to determining that the first coupler is aligned
with the second coupler. The controller may receive sen-
sor data from the monitoring device responsive to the
initiation of the at least one action of the one or more of
the component of the first coupler or the component of
the second coupler. The sensor data may be indicative
of completion of the at least one action of the one or more
of the component of the first coupler or the component
of the second coupler and completion of the coupling
event.
[0115] As used herein, an element or step recited in
the singular and proceeded with the word "a" or "an" do
not exclude the plural of said elements or operations,
unless such exclusion is explicitly stated. Furthermore,
references to "one embodiment" of the invention do not
exclude the existence of additional embodiments that in-
corporate the recited features. Moreover, unless explic-
itly stated to the contrary, embodiments "comprising,"

"comprises," "including," "includes," "having," or "has" an
element or a plurality of elements having a particular
property may include additional such elements not hav-
ing that property. In the appended claims, the terms "in-
cluding" and "in which" are used as the plain-English
equivalents of the respective terms "comprising" and
"wherein." Moreover, in the following claims, the terms
"first," "second," and "third," etc. are used merely as la-
bels, and do not impose numerical requirements on their
objects. Further, the limitations of the following claims
are not written in means-plus-function format and are not
intended to be interpreted based on 35 U.S.C. § 112(f),
unless and until such claim limitations expressly use the
phrase "means for" followed by a statement of function
devoid of further structure.
[0116] For purposes of the description hereinafter, the
terms "end," "upper," "lower," "right," "left," "vertical,"
"horizontal," "top," "bottom," "lateral," "longitudinal," and
derivatives thereof shall relate to the example(s) as ori-
ented in the drawing figures. However, it is to be under-
stood that the example(s) may assume various alterna-
tive variations and step sequences, except where ex-
pressly specified to the contrary. It is also to be under-
stood that the specific example(s) illustrated in the at-
tached drawings, and described in the following specifi-
cation, are simply exemplary examples or aspects of the
disclosure. Hence, the specific examples or aspects dis-
closed herein are not to be construed as limiting. Also, it
should be understood that any numerical range recited
herein is intended to include all sub-ranges subsumed
therein. For example, a range of 1 to 10 is intended to
include all sub-ranges between (and including) the recit-
ed minimum value of 1 and the recited maximum value
of 10, that is, having a minimum value equalto or greater
than I and a maximum value of equal to or less than 10.
[0117] As used herein, the terms "communication" and
"communicate" refer to the receipt or transfer of one or
more signals, messages, commands, or other type of
data. For one unit (e.g., any device, system, or compo-
nent thereof) to be in communication with another unit
means that the one unit is able to directly or indirectly
receive data from and/or transmit data to the other unit.
This may refer to a direct or indirect connection that is
wired and/or wireless in nature. Additionally, two units
may be in communication with each other even though
the data transmitted may be modified, processed, re-
layed, and/or routed between the first and second unit.
For example, a first unit may be in communication with
a second unit even though the first unit passively receives
data and does not actively transmit data to the second
unit. As another example,a first unit may be in commu-
nication with a second unit if an intermediary unit proc-
esses data from one unit and transmits processed data
to the second unit. As another example, a first unit may
be in communication with a second unit if an intermediary
unit processes data from one unit and transmits proc-
essed data to the second unit. It will be appreciated that
numerous other arrangements are possible. Any known
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electronic communication protocols and/or algorithms
may be used such as, for example, TCP/IP (including
HTTP and other protocols), WLAN (including 802.11 and
other radio frequency-based protocols and methods), an-
alog transmissions, Global System for Mobile Commu-
nications (GSM), and/or the like.
[0118] As used herein, the term "mobile device" may
refer to one or more portable electronicdevices config-
ured to communicate with one or more networks. As an
example, a mobile device may include a cellular phone
(e.g., a smartphone or standard cellular phone), a port-
able computer (e.g., a tablet computer, a laptop compu-
ter, etc.), a wearable device (e.g., a watch, pair of glass-
es, lens, clothing, and/or the like), a personal digital as-
sistant (PDA), and/or other like devices.
[0119] As used herein, the term "server" may refer to
or include one or more processors orcomputers, storage
devices, or similar computer arrangements that are op-
erated by or facilitatecommunication and processing for
multiple parties in a network environment, such as the
internet. In some non-limiting embodiments, communi-
cation may be facilitated over one or more public or pri-
vate network environments and that various other ar-
rangements are possible. Further, multiplecomputers,
e.g., servers, or other computerized devices, e.g., mobile
devices, directly or indirectly communicating in the net-
work environment may constitute a system, such as a
remote train and drone control system. Reference to a
server or a processor, as used herein, may refer to a
previously-recited server and/or processor that is recited
as performing a previous step or function, a different serv-
er and/or processor, and/or a combination of servers
and/or processors. For example, as used in the specifi-
cation and the claims, a first server and/or a first proces-
sor that is recited as performing a first step or function
may refer to the same or different server and/or a proc-
essor recited as performing a second step or function.
[0120] The above description is illustrative, and not re-
strictive. For example, the above-described embodi-
ments (and/or aspects thereof) may be used in combi-
nation with each other. In addition, many modifications
may be made to adapt a particular situation or material
to the teachings of the inventive subject matter without
departing from its scope. While the dimensions and types
of materials described herein define the parameters of
the inventive subject matter, they are exemplary embod-
iments. Other embodiments will be apparent to one of
ordinary skill in the art upon reviewing the above descrip-
tion. The scope of the inventive subject matter should,
therefore, be determined with reference to the appended
claims, along with the full scope of equivalents to which
such claims are entitled.
[0121] This written description uses examples to dis-
close several embodiments of the inventive subject mat-
ter, including the best mode, and to enable one of ordi-
nary skill in the art to practice the embodiments of inven-
tive subject matter, including making and using any de-
vices or systems and performing any incorporated meth-

ods. The patentable scope of the inventive subject matter
is defined by the claims, and may include other examples
that occur to one of ordinary skill in the art. Such other
examples are intended to be within the scope of the
claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differ-
ences from the literal languages of the claims.

Claims

1. A system comprising:

a sensor configured to detect positioning data
indicative of a position of a first coupler of a first
vehicle system and positioning data indicative
of a position of a second coupler of a second
vehicle system during a coupling event of the
first vehicle system and the second vehicle sys-
tem; and
a controller comprising one or more processors
configured to receive the positioning data of the
first coupler and the positioning data of the sec-
ond coupler,
the controller configured to determine whether
the first coupler is misaligned with the second
coupler based on a comparison of the position
of the first coupler and the position of the second
coupler, wherein the first coupler is prohibited
from coupling with the second coupler while the
first and second couplers are misaligned,
the controller configured to initiate at least one
action of one or more of the first coupler, the
second coupler, the first vehicle system, or the
second vehicle system responsive to determin-
ing that the first coupler is misaligned with the
second coupler to change a position of one or
more of the first coupler, the second coupler, the
first vehicle system, or the second vehicle sys-
tem, wherein changing the position of the one
or more of the first coupler, the second coupler,
the first vehicle system, or the second vehicle
system aligns the first coupler with the second
coupler.

2. The system of claim 1, wherein the first coupler is
determined to be misaligned with the second coupler
based on a difference between the position of the
first coupler and the position of the second coupler
being outside a determined alignment threshold.

3. The system of claim 2, wherein initiating the at least
one action of the one or more of the first coupler, the
second coupler, the first vehicle system, or the sec-
ond vehicle system aligns the first coupler with the
second coupler within the determined alignment
threshold.
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4. The system of claim 2, wherein the determined align-
ment threshold is one or more of a distance thresh-
old, a radial position threshold, or a vertical thresh-
old.

5. The system of claim 1, wherein the controller is con-
figured to communicate an alert responsive to deter-
mining that the first coupler is misaligned with the
second coupler.

6. The system of claim 1, wherein the controller is con-
figured to initiate at least one action of one or more
a component of the first coupler or a component of
the second coupler responsive to determining that
the first coupler is aligned with the second coupler.

7. The system of claim 6, wherein the controller is con-
figured to receive sensor data from the sensor re-
sponsive to the initiation of the at least one action of
the one or more of the component of the first coupler
or the component of the second coupler, the sensor
data indicative of completion of the at least one action
of the one or more of the component of the first cou-
pler or the component of the second coupler.

8. The system of claim 6, wherein the controller is con-
figured to control movement of one or more of the
first vehicle system of the second vehicle system re-
sponsive to the initiation of the at least one action of
the one or more of the component of the first coupler
or the component of the second coupler, the control-
ler configured to direct one of the first vehicle system
or the second vehicle system to move in a direction
away from the other of the first vehicle system or the
second vehicle system.

9. The system of claim 1, wherein the controller is con-
figured to change an orientation of the sensor,
wherein changing the orientation of the sensor
changes one or more of the positioning data indica-
tive of the position of the first coupler or the position-
ing data indicative of the position of the second cou-
pler.

10. The system of claim 1, wherein the controller is con-
figured to adjust one or more of the positioning data
indicative of the position of the first coupler or the
positioning data indicative of the position of the sec-
ond coupler based on the first vehicle system and
the second vehicle system being positioned on a
non-linear route.

11. The system of claim 1, wherein the first vehicle sys-
tem is a first rail vehicle and the second vehicle sys-
tem is a second rail vehicle.

12. The system of claim 1, wherein the sensor includes
one or more of a LIDAR sensor, a radar sensor, a

sonar sensor, an optical sensor, an ultrasonic sen-
sor, or a thermal sensor.

13. A method comprising:

detecting positioning data indicative of a position
of a first coupler of a first vehicle system and
positioning data indicative of a position of a sec-
ond coupler of a second vehicle system during
a coupling event of the first vehicle system and
the second vehicle system;
determining whether the first coupler is mis-
aligned with the second coupler based on a com-
parison of the position of the first coupler and
the position of the second coupler, wherein the
first coupler is prohibited from coupling with the
second coupler while the first and second cou-
plers are misaligned; and
initiating at least one action of one or more of
the first coupler, the second coupler, the first ve-
hicle system, or the second vehicle system re-
sponsive to determining that the first coupler is
misaligned with the second coupler to change a
position of one or more of the first coupler, the
second coupler, the first vehicle system, or the
second vehicle system, wherein changing the
position of the one or more of the first coupler,
the second coupler, the first vehicle system, or
the second vehicle system aligns the first cou-
pler with the second coupler.

14. The method of claim 13, further comprising initiating
at least one action of one or more of a component
of the first coupler or a component of the second
coupler responsive to determining that the first cou-
pler is aligned with the second coupler.

15. The method of claim 14, further comprising receiving
sensor data from a sensor responsive to the initiation
of the at least one action of the one or more of the
component of the first coupler or the component of
the second coupler, the sensor data indicative of
completion of the at least one action of the one or
more of the component of the first coupler or the
component of the second coupler.
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