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(57) Abstract: A communication apparatus includcs an operation module configured for communication with a wirclcss message
repeater, e.g., a rail vehicle distributed power message repeater. The wireless message repeater is of the type having an antenna
system, a receiver for receiving an incoming message, and a transmitter for transmitting a repeat message ot the incoming mes-
sage. The operation module is further configured to assess operation of the message repeater by comparing a feedback signal to
the incoming message. The feedback signal may comprise part of a signal energy of the transmitted repeat message as received by
the receiver. Alternatively or additionally, the operation module is further configured to assess operation of the message repeater
by comparing at least one signal power associated with the transmitted repeat message to at least one threshold.
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APPARATUS AND METHOD FOR REPEATING COMMUNICATION
MESSAGES IN RAIL VEHICLE SYSTEM

FIELD OF THE INVENTION
[001] Embodiments of this invention relate generally to communications.

Other embodiments relate to communications in a rail vehicle system.

BACKGROUND OF THE INVENTION

[002] A vehicle “consist” is a group of vehicles that are linked together to
move together along a route. A common example is a train or other group of rail
vchicles. Certain vehicle consists (c.g., a train comprising plural locomotives and
plural freight cars or othcer railcars) utilize distributed power opcrations for improved
control and handling of the vehicle consist. In the case of a train, for example,
distributcd power control involves onc locomotive (c.g., a Icad locomotive)
transmitting commands to other locomotives (e.g., remote locomotives) in the train.
The commands relate to throttle, braking, or other traction control-related operations.
The remote or other locomotives receive the commands and respond thereto,
effectuating a controlled and coordinated traction effort for the train as a whole.

[003] Distributed power may involve wire-line communications (e.g., a cable
extending between vehicles in a consist), wireless communications (refetred to as
“radio distributed power™), or both. In the case of wireless communications, each
vehicle in a consist is outfitted with a receiver or transceiver for receiving and/or
transmitting messages, or for otherwise communicating between vehicles. For
distributed power, oft-vehicle distributed power message repeaters are sometimes
used Lo bolster a consist’s on-board capability. That is, there may be times when a
lead or other vehicle in a consist is unable to reliably wirelessly communicate with
other vehicles in the consist, due to geographic features or otherwise. It may also be
desirable to bolster a consist’s on-board transmission capability, even if
communications are not totally compromised, to improve communications reliability,
for safety purposes, or the like.

[004] Distributed power message repeaters are sometimes installed in very
isolated and inaccessible locations. A failure of a message repeater can go undetected

for a long period of time and may only become apparent when a radio distributed
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power train (or other vehicle consist) transiting the area is no longer able to access it.
This can result in the train stalling or otherwise blocking that area of the line.

[004a] The discussion of the background to the invention included herein
including reference to documents, acts, materials, devices, articles and the like is
included to explain the context of the present invention. This is not to be taken as an
admission or a suggestion that any of the material referred to was published, known or
part of the common general knowledge in Australia or in any other country as at the
priority date of any of the claims.

[004b] Where the terms “"comprise", "comprises”, "comprised" or
"comprising" are used in this specification (including the claims) they are to be
interpreted as specifying the presence of the stated features, integers, steps or
components, but not precluding the presence of one or more other features, integers,

steps or components, or group thereof.

BRIEF DESCRIPTION

[005] An embodiment of the invention relates to a communication apparatus,
which includes an operation module configured for communication with a wireless
message repeater (e.g., the operation module is electrically connectable to the wireless
message repeater). The wireless message repeater is of the type having an antenna
system, a receiver for receiving an incoming message, and a transmitter for
transmitting a repeat message of the incoming message. (“Repeat message” means an
at least partial copy of the incoming message.) The operation module is further
configured to assess operation of the message repeater (e.g., whether the message
repeater is operating within designated parameters) by comparing a feedback signal to
the incoming message. The feedback signal may comprise part of a signal energy of
the transmitted repeat message as received by the receiver (e.g., a transmitter-to-
receiver feedback loop). Alternatively or additionally, the operation module is further
configured to assess operation of the message repeater by comparing at least one
signal power associated with the transmitted repeat message to at least one threshold.

[006] For assessing operation of the message repeater, in another
embodiment, the operation module is configured to generate an alert signal if a
message or other information content of the feedback signal does not match a
message or other information content of the incoming message, according to

designated criteria (e.g., whole or partial mismatch). Alternatively or additionally, the
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operation module is configured to generate the alert signal if a measured forward
power associated with the transmitted repeat message is below a first threshold
(and/or above a second threshold), and/or if a measured reflected power associated
with the transmitted repeat message is above a third threshold, and/or based on a ratio
of the measured reflected power to the measured forward power (or vice versa).

[007] In this manner, in an embodiment, by using power level monitoring
and/or transmitter-to-receiver message verification feedback, the operation module is
able to automatically detect failures within the message repeater.

[007a] In accordance with one aspect of the present invention, there is
provided a communication apparatus comprising: an off-board wireless message
repeater configured to be positioned proximate to a vehicle route, the message
repeater having an antenna system, a transmitter, and a receiver, the transmitter and
receiver operably coupled to the antenna system, the receiver configured to receive an
incoming message from a vehicle traveling along the route and the transmitter
configured to transmit a repeat message of the incoming message to the vehicle; and
an operation module configured to communicate with the message repeater, wherein:
the operation module is configured to generate an alert signal if a message or other
information content of a feedback signal does not match a message or other
information content of the incoming message, the feedback signal comprising part of
a signal energy of the transmitted repeat message as received by the receiver; and the
operation module is configured to generate the alert signal if a measured forward
power associated with the transmitted repeat message is below a first threshold.

[007b] In accordance with another aspect of the present invention, there is
provided a communication method comprising the steps of: receiving, at a receiver, an
incoming message from a vehicle; transmitting, from a transmitter, a repeat message
of the incoming message to the vehicle; measuring a signal power associated with the
transmitted repeat message; receiving, at the receiver, a first feedback signal
comprising part of a signal energy of the transmitted repeat message; generating an
alert signal if the first feedback signal does not match the incoming message
according to first designated criteria; and generating the alert signal based on a
comparison of the signal power to a threshold.

[007c] In accordance with another aspect of the present invention, there is
provided a communication apparatus comprising: an operation module configured to

communicate with an off-board wireless message repeater having a transmitter

2a
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operably coupled to an antenna system and a receiver operably coupled to the antenna
system, wherein: the operation module is configured to generate an alert signal if a
message or other information content of a feedback signal does not match a message
or other information content of an incoming message received by the message
repeater receiver from a vehicle traveling along a route by which the message repeater
is proximately positioned, the feedback signal comprising part of a signal energy of a
transmitted repeat message of the incoming message as transmitted by the transmitter
and received by the receiver; and the operation module is configured to generate the
alert signal if a measured forward power associated with the transmitted repeat
message is below a first threshold.

[007d] In accordance with another aspect of the present invention, there is
provided a communication apparatus comprising: an off-board wireless message
repeater configured to be positioned proximate to a vehicle route, the message
repeater having an antenna system, a transmitter, a power monitoring sub-system, and
a receiver, the transmitter and receiver operably coupled to the antenna system,
wherein: the receiver is configured to receive a wireless incoming message from a
vehicle traveling along the route; responsive to the incoming message that is received,
the transmitter is configured to transmit a wireless repeat message of the incoming
message to the vehicle; subsequent to the wireless repeat message being transmitted
by the transmitter, the receiver is configured to receive a feedback signal comprising
part of a signal energy of the wireless repeat message that is transmitted by the
transmitter; and the power monitoring sub-system is configured to measure a forward
power associated with the repeat message transmitted by the transmitter; and an
operation module configured to communicate with the message repeater, wherein: the
operation module is configured to compare a message or other information content of
the feedback signal received by the receiver to a message or other information content
of the incoming message received by the receiver; the operation module is configured
to generate an alert signal if the message or other information content of the feedback
signal received by the receiver does not match the message or other information
content of the incoming message received by the receiver; and the operation module
is configured to generate the alert signal if the measured forward power associated

with the transmitted repeat message is below a first threshold.
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BRIEF DESCRIPTION OF THE DRAWINGS

[008] The present invention can be more easily understood and the further
advantages and uses thereof more readily apparent, when considered in view of the
following detailed description when read in conjunction with the following figures,
wherein:

[009] FIG. 1 is a schematic view illustrating a communication apparatus
according to an embodiment of the invention;

[0010] FIG. 2 is a schematic view of the communication apparatus in one
possible communication context;

[0011] FIG. 3 is a schematic view illustrating another embodiment of the
communication apparatus;

[0012] FIG. 4 is a timc diagram of a signal proccssing flow, according to an
embodiment;

[0013] FIGS. 5-11 arc schematic vicws of alternative cmbodiments of the
communication apparatus;

[0014] FIGS. 12 and 13 are flow charts of two communication methods,
according to embodiments of the invention;

[0015] FIG. 14 is a schematic diagram of another embodiment of a
communication apparatus; and

[0016] FIG. 15 is a flow chart of another embodiment of a communication
method.

[0017] In accordance with common practice, the various described features
are not drawn to scale, but are drawn to emphasize specific features relevant to the

invention. Reference characters denote like elements throughout the figures and text.

DETAILED DESCRIPTION

[0018] An embodiment of the invention relates to a communication apparatus
that includes an operation module (i.c., operation assessment module) configured for
communication with a wireless message repeater. In another embodiment, the
apparatus comprises the operation module and wireless message repeater in
combination. In either case, the wireless message repeater is of the type having an
antenna system, a receiver for receiving an incoming message, and a transmitter for
transmitting a repeat message of the incoming message. (As noted above, “repeat

message” means an at least partial copy of the incoming message.) The apparatus
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uses a transmitter-to-receiver feedback loop and/or power level monitoring to
automatically monitor and assess operation of the message repeater, including, in an
embodiment, generating alert signals under certain circumstances.

[0019] Turning to FIG. 1, an embodiment of the invention relates to a
communication apparatus 100 that includes an operation module 102 configured for
communication with a wireless message repeater 104. The wireless message repeater
104 is of the type having an antenna system 106 (the system including one or more
antennas 108), a receiver 110 for receiving an incoming message 112, and a
transmitter 114 for transmitting a repeat message 116 of the incoming message. The
operation module 102 is further configured to assess operation of the message
repeater 104 by comparing a feedback signal 118 to the incoming message 112, (For
cxample, information content of the feedback signal 118 may be compared to
information content of the incoming message 112.) The feedback signal 118
compriscs part of a signal cnergy of the transmitted repeat message 116 as reccived by
the receiver 110. Alternatively or additionally, the operation module 102 is further
configured to assess operation of the message repeater 104 by comparing at least one
signal power 120 associated with the transmitted repeat message 116 to at least one
threshold 122.

[0020] As indicated, the message repeater 104 is a wireless message repeater,
meaning messages are received and transmitted using radio frequency (RF) or other
wireless signals. For this purpose, the message repeater 104 includes the antenna
system 106, the receiver 110, and the transmitter 114. The transmitter 114 and
receiver 110 are operably coupled to the antenna system 106, for transmission and
reception of wireless signals over the antenna system. In operation, incoming
messages 112 (messages arriving at the message repeater) are picked up by the
antenna system 106 and received by the receiver 110, At least some of the incoming
messages 112, and potentially all of the incoming messages 112, are repeated. That
is, for each incoming message 112 to be repeated, the transmitter 114 transmits a
repeat message 116 that comprises an at least partial copy of the incoming message.
Whether an incoming message is Lo be repeated may depend on the type of incoming
message, on the informational content (e.g., message content) of the incoming
message, on current signal/transmission conditions, or otherwise.

[0021] In an embodiment, with reference to F1G. 2, the message repeater 104

is positioned proximate to a designated vehicle route 124. The receiver 110 is
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configured to receive the incoming message(s) 112 from a vehicle 126 traveling along
the vehicle route 124. The transmitter 114 is configured to transmit the repeat
message(s) 116 back to the vehicle 126, “Proximate” to a route means close enough
to the route to communicate with a vehicle on the route with RF signals of the
message repeater. This includes the message repeater 104 being land-deployed (e.g.,
supported on a support structure attached to land), or sky-deployed (e.g., satellite).
The message repeater 104 may be an off-board message repeater, meaning not on
board a vehicle.

[0022] In another embodiment, the designated vehicle route 124 is a rail
vehicle track 128, and each incoming message is a control message for distributed
powecr operations of a rail vchicle 130 traveling along the track 128, Thus, in
opcration of the message repeater, the message repeater receives incoming control
messages from the rail vehicle and (in some cases) transmits repeat messages of the
incoming control messages back to the rail vehicle 130. The message repeater may be
an off-board distributed power message repeater, or a tunnel-based off-board
distributed power message repeater (located in a tunnel).

[0023] The operation module 102 may be configured to assess message
repeater operation by monitoring power levels of the transmitted repeat messages 116.
In an embodiment, for example, the operation module 102 is configured to assess
operation of the message repeater 104 by comparing the at least one signal power 120
associated with the transmitted repeat message 116 to the at least one threshold 122,
The at least one signal power 120 includes a measured forward power 132 associated
with the transmitted repeat message 116. The operation module 102 is configured to
generate an alert signal 134 if the measured forward power 132 is below a first
threshold 136. The operation module 102 may also be configured to generate the alert
signal 134 if the measured forward power 132 is above a second threshold 138. (As
should be appreciated, the at least one threshold 122 comprises/includes the first
threshold 136 and the second threshold 138.) In another embodiment, the at least one
signal power 120 further includes a measured reflected power 140 associaled with the
transmitted repeat message 116. The operation module 102 is configured to generate
the alert signal 134 if the measured reflected power 140 is above a third threshold
142. Alternatively or in addition, the operation module 102 is configured to generate

the alert signal 134 based on a ratio between the measured reflected power 140 and
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the measured forward power 132 (meaning a ratio of measured reflected power to
measured forward power or vice versa).

[0024] To explain further, the transmitter 114 transmits the repeat message(s)
116 for RF output by the antenna system 106. When the transmitted repeat message
116 reaches the antenna system 106, a portion of the signal energy of the repeat
message 116 may be reflected back due to a slight impedance mismatch between the
transmitter and the antenna system. Thus, associated with the transmitted repeat
message 116 are two signal powers 120, namely, a forward power (a signal power of
the repeat message signal traveling from the transmitter to the antenna system) and a
reflected power (a power of the portion of the repeat message signal reflected back
from the antenna system). The forward power and/or the reflected power arc
detected/mcasured by a power monitoring sub-system 144 interposcd between the
transmitter 114 and the antenna system 106. (Examples of possible component
portions of the power monitoring sub-system arc described below.)

[0025] As noted, the operation module 102 may be configured to generate the
alert signal 134 if the measured forward power 132 is below a first threshold 136.
The first threshold 136 is representative of a designated minimum acceptable power
level for message transmission by the message repeater. More specifically, the first
threshold 136 is chosen so that message signals with power levels above the threshold
136 are at least at a designated minimum level for transmission to vehicles or other
designated recipients. Thus, power levels below the threshold 136 may be indicative
of the transmitter 114 not transmitting at a sufficiently high power level (meaning a
possible fault in the transmitter) or there being some other problem in the circuit
between the transmitter and antenna system. The operation module 102 may also be
configured to generale the alert signal 134 if the measured forward power 132 is
above a second threshold 138, The second threshold 138 is selected as a designated
maximum signal power in the message repeater, such that signal power levels above
the threshold 138 are indicative of transmitter operation outside of designated limits
or of another fault in the message repeater resulting in excessive transmitted signal
power levels.

[0026] Regarding the measured retlected power 140, the third threshold 142
may be selected as a maximum allowed reflected signal power (absolute level), with
values above the threshold 142 being indicative of an impedance mismatch between

the transmitter and antenna system exceeding a designated level, or there being some
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other fault in the message repeater resulting in excessive signal reflection.
Alternatively or in addition, the reflected signal power may be assessed on a relative
level, with the operation module 102 being configured to generate the alert signal 134
based on a ratio of the measured reflected power 140 to the measured forward power
132 (or vice versa). For example, an alert signal 134 may be generated if the ratio of
the measured reflected power 140 to the measured forward power 132 exceeds a
threshold (such as 10%), the threshold being selected as a maximum allowed reflected
signal power (relative level).

[0027] With reference to FIG. 3, in an embodiment, the power monitoring
system 144 includes a directional coupler sub-system 146 and a detector sub-system
148. The dircctional coupler sub-system 146 is coupled between the transmitter 114
and the antenna system 106, and includes onc or morc dircctional couplers. Each
directional coupler is configured to detect/measure an RF signal power by (in effect)
sampling the signal as it passcs through the directional coupler. That is, a small
portion of the signal energy of the signal is shunted to an output port of the directional
coupler, with the shunted portion being proportional to the total signal power.
Directional couplers configured in this manner are available commercially, as
standard RF circuit components. The directional coupler sub-system 146 outputs the
measured forward power 132 by sampling a signal of the transmitted repeat message
116 that passes through the directional coupler sub-system from the transmitter to the
antenna system. The directional coupler sub-system 146 also outputs the measured
reflected power 140 by sampling the portion of the signal of the transmitted repeat
message 116 that is reflected back from the antenna system 106. In an embodiment,
the directional coupler sub-system 146 includes two directional couplers, one for the
forward power and another for the reflected power. In another embodiment, the
directional coupler sub-system 146 includes a bi-directional directional coupler,
which is illustrated in FIG. 3. In operation, for a signal passing through the bi-
directional directional coupler mainline from first port “a” to second port “b,” most of
the signal energy is transmitted through to port “b.” However, a small portion (e.g.,
0.1%}) of the signal energy is shunted to a third, output port “c.” Likewise, for a
signal passing through the coupler mainline from port “b” to port “a,” most of the
signal energy is transmitted through to port “a.” However, a small portion of the
signal energy is shunted to a fourth, output port “d.” Thus, where “b” 2> “a”

corresponds to the transmitter-to-antenna system direction, and “a” = “b”
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corresponds to the antenna system-to-transmitter direction, the signal output at the
third port “c” constitutes a measured reflected power and the signal output at the
fourth port “d” constitutes a measured forward power. (In the illustrated example,
port “c” would also output a signal of the measured power of the incoming messages,
but such signals could be ignored based on timing considerations and/or signal power
levels.) In another embodiment, the directional coupler sub-system 146 includes a
dual directional coupler.

[0028] The detector sub-system 148 is connected to the output(s) of the
directional coupler sub-system 146. The detector sub-system 148 is configured to
convert the signal output(s) of the directional coupler sub-system for use by the
opcration module 102 in comparing a signal power (or morc than onc signal power)
associatcd with the transmitted repeat message to onc or more thresholds 122, In one
embodiment, the detector sub-system 148 is configured to convert a sampling output
of the forward power of the directional coupler sub-system, constituting the measured
forward power, for use by the operation module 102 in comparing the measured
forward power of the transmitted repeat message to one or more thresholds 122. In
another embodiment, the detector sub-system 148 is configured to convert sampling
outputs of the directional coupler sub-system (a sampling output of the forward
power, constituting the measured forward power, and a sampling output of the
reflected power, constituting the measured reflected power) for use by the operation
module 102 in: comparing the measured forward power and measured reflected power
to various thresholds 122; and/or computing a ratio of the measured reflected power
to the measured forward power (or vice versa).

[0029] In an embodiment, the detector sub-system 148 includes at least ong
RF detector 150, 152, each of which converts the signal energy of an output signal of
the directional coupler sub-system (e.g., the measured torward power and/or
measured retlected power) into an analog voltage. The analog voltage can be read by
a threshold detector portion 154 (or a microprocessor analog-to-digital input that
functions in a similar manner as a threshold detector) of the operation module 102, for
assessing the measured forward power and/or measured reflected power against one
or more thresholds, or for ratio calculation/assessment, as described above. In another
embodiment, the detector sub-system 148 includes two RF detectors 150, 152, which

may be separate RF detectors, used for converting the output signals of the directional
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coupler sub-system (the measured forward power and measured reflected power) into
respective analog voltages for use by the operation module 102,

[0030] The detector sub-system 148 converts outputs of the directional
coupler sub-system (e.g., sampling output signals comprising the measured forward
power and the measured reflected power) into a format for use by the operation
module 102. The format may be an analog voltage within a particular voltage range,
or other types of signals with designated characteristics.

[0031] As shown in FIG. 1, the message repeater 104 may include a control
circuit 156, such as a microcontroller and/or other electronic circuitry (embodiments
of which are described below in more detail), operably connected to certain
componcnts of the message repeater (¢.g., the receiver and transmitter) for controlling
and/or communicating with thosc componcnts. For cxample, the control circuit 156
may receive demodulated incoming messages from the receiver, decode the message
or other information content of the incoming messages, and control the transmitter to
transmit repeat messages of the incoming messages as a function of the decoded
message or other information content. The control circuit 156 may be distributed in
nature, that is, it may comprise a system of components that includes components in
the receiver, components in the transmitter, components that are part of other sub-
systems in the receiver, and/or stand-alone components like a microcontroller and
related support circuitry.

[0032] The operation module 102 includes one or more hardware and/or
software components that are configured to carry out the functionality of the operation
module 102 as described herein. (Software refers to instructions, stored in memory
on in another tangible medium, which are executed by or otherwise used as the basis
for controlling a controller or other electronic circuit to perform certain functions as
designated in the instructions.) The operation module 102 may be, or it may include,
a separate electronic unit (such as a microcontroller), and/or it may be wholly or
partially distributed among the control circuit 156 and/or other components of the
message repeater. In one embodiment, the operation module 102 includes one or
more software components associated with (e.g., stored in memory ot) the control
circuit 156. Other embodiments of the operation module are described below.

[0033] The alert signal 134 (also referred to as an alarm signal) is a signal
relating and/or responsive to the detection or determination of a designated condition

in or of the message repeater 104, which may be the result of or otherwise relate to a
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fault in the message repeater. Example alert signals include signals for storing a
message in a fault log, signals for generating alarm indicia on an operator interface (to
alert an operator), signals for transmitting an alarm/alert-related message to a remote
facility 135 (such as a facility owned by an entity operating the message repeater),
signals for controlling the message repeater, and signals for controlling some other
device, such as a backup repeater or backup circuitry in the message repeater. In an
embodiment, the alert signal 134 is a wireless or wired signal transmitted to a
designated recipient, such as a remote facility of an operator or owner of the message
repeater. In another embodiment, the alert signal is a signal communicated to the
control circuit 156, which is configured to respond to the alert signal by
communicating an alarm or othcr message to a remote facility 135, by entering a
particular opcrational modc, by logging fault data, or othcrwisc. Different types of
alert signals may be generated depending on the type of fault detected, and/or multiple
alert signals may be gencrated upon detecting a fault.

[0034] FIG. 3 illustrates several sub-systems/components that may be part of
various embodiments of the communication apparatus, and is also illustrative of
another embodiment of the apparatus (message repeater and/or operation module)
generally. Here, the message repeater 104 includes an antenna system 106, an RF
circulator 158, a transmitter 114, and a multi-channel receiver section 160. The multi-
channel receiver section 160 includes: a multi-channel receiver 110 having four
receiver units 110a, 110b, 110¢, 110d (each receiver unit is for a different
communication channel); a 4-way power divider 162; and a protection circuit 164.
The RF circulator 158 is coupled between the transmitter 114, receiver section 160,
and antenna system 106. More specifically, the RF circulator 158 is (in this example)
a three-port ferromagnelic passive device, with a first port “e” being coupled to the
antenna system 106, a second port “f” being coupled to an input of the receiver

[Pt

section 160, and a third port “g” being connected to an output of the transmitter 114.
The RF circulator 158 generally functions to pass a signal received at its first port “¢”
to the second port “f” but not the third port “g,” and to pass a signal received al its
third port “g” to the first port “¢” but not the second port “f.” Thus, the RF circulator
158 passes signals (e.g., incoming messages) from the antenna system to the receiver
section, and passes signals (e.g., repeat messages) from the transmitter to the antenna

system. This allows the receiver section and transmitter to share a common antenna

108. RF circulators are commercially available as standard RF circuit components.
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[0035] The protection circuit 164 of the receiver section 160 is coupled to the
RF circulator 158, and includes one or more components for protecting the receiver
110. For example, the protection circuit 162 may be configured to protect the receiver
from certain incoming signals, based on designated signal criteria for this purpose
(e.g., power level that exceeds a maximum allowed power level). The protection
circuit 162 may include an RF attenuator and an RF limiter.

[0036] The 4-way power divider 162 has an input connected to an output of
the protection circuit 162, and four outputs, each of which is coupled to a respective
receiver unit 110a-110d. The power divider 162 divides incoming signals, with the
divided signals being passed on to the receiver units 110a-110d. The receiver units
110a-110d cach opcrate in a different channel (four channcls in this cxample), which
arc the designated communication channcls of the communication systcm in which
the message repeater is used. For example, if the message repeater is used for
repeating rail vehicle distributed power messages, then the channcls of the recciver
110 are the designated channels used for wireless communications in the distributed
power system.

[0037] As discussed above, the operation module 102 may be configured to
assess operation of the message repeater 104 by comparing a feedback signal 118 to
the incoming message 112 (e.g., comparing message or other information content of
the feedback signal to message or other information content of the incoming
message). In the embodiment of FIG. 3, the feedback signal 118 comprises part of a
signal energy of the transmitted repeat message 116, as received by the receiver 110.
That is, of the signal of the transmitted repeat message 116, part of the signal energy
is shunted to the receiver 110 in a feedback loop (as the feedback signal 118), and the
remaining part 166 of the signal energy is passed on towards the antenna system.
Although the feedback signal 118 has a lower power level than the remaining part
166, the power level of the feedback signal 118 is sufticient for reception by the
receiver 110 and for conveying an information content of the repeat message 116 to
the receiver 110 (and thereby to the operation module).

[0038] In an embodiment, the RF circulator 158 is used to generate the
feedback signal 118. In particular, tor normal RF circulator operation, as described
above (a signal arriving at one port goes to the next port but not the third port), there
is impedance matching at the three ports (ports “e,” “f,” and “g”). In the apparatus as

shown in FIG. 3, a deliberate impedance mismatch is established between a port of
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the RF circulator to which the transmitter 114 is connected (port “g”") and a port of the
RF circulator to which the antenna system 106 is connected (port “¢”). A deliberate
impedance mismatch may be established by modifying the RF circulator, by selecting
an RF circulator with particular characteristics, and/or by selecting a transmission
cable (for connection of the transmitter to the RF circulator) that has a different
impedance than the port of the RF circulator. Thus, in operation, when the transmitter
114 transmits a repeat message 116, part of the signal energy is shunted to the
receiver 110 as the feedback signal 118, because of the impedance mismatch of the
RF circulator. The impedance mismatch is selected to provide enough signal power
for the feedback signal 118 to be received by the receiver 110 and understood for
informational content. (If the message repeater includes a receiver section with a
protection circuit 164, the protection circuit 164 is configured to allow passage of the
feedback signal 118 to the receiver 110.)

[0039] For asscssing opcration of the message repeater 104 using the feedback
signal 118, the feedback signal 118 is demodulated and/or otherwise processed for
determination of its information content. The feedback signal may be processed (e.g.,
by the receiver 110 and control circuit 156) in the same way as incoming messages
112. The operation module 102 then compares the information content of the
feedback signal 118 to the incoming message 112 in question, that is, the incoming
message 112 that resulted in the repeat message 116 that produced the feedback signal
118. More specifically, with reference to FIG. 4, within a given operational iteration
“T,” the following occurs: (i) an incoming message 112 is received at t0 (the start of
the operational iteration); (ii) the incoming message 112 is processed at subsequent
time tl (e.g., for determining the message content or other information content of the
incoming message); (iii) as a function of the information content, a decision is made,
at subsequent time 2, whether (o repeat transmit the incoming message; (iv) assuming
s0, at subsequent time t3, a repeat message 116 of the incoming message 112 is
transmitted; (v) at subsequent time t4, a feedback signal 118 of the repeat message
116 is generated and received at the receiver; (vi) at subsequent time t5, the feedback
signal 118 is processed for determining its information content; and (vii) at
subsequent time t6, the information content of the feedback signal 118 is compared to
the information content of the incoming message 112. (For this purpose, the
information content of the incoming message is temporarily saved, stored, held, or

otherwise maintained, at t1, until needed at t6.)
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[0040] In an embodiment, the operation module 102 is configured to generate
an alert signal 134 if there is a mismatch between information content of the feedback
signal 118 and information content of the incoming message 112, according to
designated criteria. For example, it may be the case that an alert signal 134 is
generated if any part of the entire information content is different in any way. This
may be done if the repeat messages are meant to be exact copies of the incoming
messages. In another example, an alert signal is generated only if certain designated
parts of the information content are different. This may be done if certain portions of
the repeat messages are meant to change (such as message headers and footers), but
certain other parts of the repeat messages are meant to exactly copy corresponding
parts of the incoming mcssages (such as message bodics). In cither casc, if there is a
mismatch according to the designated criteria, this indicates that the transmitter 114
(or some other component/sub-system in the message repeater) may not be operating
corrcetly, and an alert signal is gencrated.

[0041] Tn various embodiments, the operation module is configured to assess
message repeater operation using both a message feedback loop (e.g., comparing a
feedback signal to an incoming message) and power level monitoring (e.g., comparing
a power level of transmitted repeat messages to one or more threshold values), as
illustrated generally in FIGS. 1 and 3. In another embodiment, however, the
operation module is configured to assess message repeater operation using only a
message feedback loop, and in another embodiment, using only power level
monitoring. Respective examples are shown in FIGS. 6 and 5.

[0042] Although FIG. 3 shows an RF circulator 158 used for both connection
of a common antenna and feedback signal generation, other mechanisms could be
used instead. An example is shown in FIG. 7. Here, a receiver 110 and transmitter
114 are connected to a common antenna 108 by a duplexer 168. Additionally, for
generating a feedback signal 118, a feedback device 170 is coupled between the
transmitter 114 and duplexer 168. Signals generated by the transmitter 114 (e.g.,
signals of repeal messages) are passed through the feedback device 170, which in
etfect generates a copy of the transmitted signals and communicates the copy to the
receiver 110 input. As illustrated, the output of the feedback device 170 could be
connected to the receiver input by a combiner 172.

[0043] In an embodiment, the feedback device 170 shunts part of the energy

of the transmitted signal to the receiver 110 as the feedback signal 118. For doing so,
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the feedback device 170 may be a transformer-based device. Alternatively, the
feedback device 170 may be an RF splitter. In an embodiment, the RF splitter is
configured so that more of the signal energy passes on to the antenna system than to
the receiver (that is, the RF splitter has two outputs, with more incoming signal
energy passing to the first output, connected to the antenna system, than the other
output, connected to the receiver input).

[0044] In the embodiment shown in FIG. 8, a feedback device 170 is coupled
between the transmitter 114 and duplexer 168. The feedback device 170 senses RF
signals (e.g., the signals of repeat messages) transmitted by the transmitter 114, and
outputs a copy of the RF signal, but does not substantially decrease (or does not
decreasc at all) the power of the transmitted signal. An amplificr 174 may be
disposcd between the sccondary/feedback output of the feedback device 170 and input
of the receiver 110 for increasing the level of the copied output RF signal of the
feedback device 170 to at Ieast a minimum Ievel required for reception by the reeciver
110.

[0045] In the embodiments shown in FIGS. 9 and 11, the feedback signal
output of a feedback device 170 is not passed to the message repeater receiver 110,
but is instead passed to a separate receiver device 176. The separate receiver device
176 receives and demodulates the feedback signal, and either passes the demodulated
signal to other system components (e.g., control circuit 156 or operation module 102)
for determination (e.g., decoding) of information content, or determines the
information content itself and passes the information content to the operation module
102.

[0046] FIGS. 10 and 11 illustrate that the antenna system 106 may include
first and second antennas 108a, 108b, one used for signal transmission and the other
for signal reception, respectively. In the embodiment of FIG. 10, incoming messages
are received over the second antenna 108b and conveyed to the receiver 110. The
transmitter 114 transmits repeat messages of the incoming messages over the first
antenna 108a. A feedback device 170 is disposed between the transmitter output and
first antenna input. The feedback device 170 generates feedback signals of the
transmitted repeat messages, which are shunted to the receiver input. Alternatively,
as shown in F1G. 11, the feedback signals may be conveyed to a separate receiver

device 176.
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[0047] Any of the embodiments of FIGS. 7-11 may also include a power
monitoring sub-system 144 as described herein. Additionally, the embodiments of
FIGS. 7-9 could employ an RF circulator or other similar device instead of a duplexer
168. (In the case of an RF circulator in these embodiments, the circulator would not
have a deliberate port mismatch.)

[0048] In an embodiment, the operation module 102 compares the incoming
messages 112 to a known, designated message format or formats. The designated
formats are used for message communications in the communications system in
which the message repeater is meant for use. If the incoming messages 112 do not
match the designated format, then the operation module 102 may generate an alert
signal indicative of a possible rccciver fault. In another embodiment, an alert signal is
only gencrated if the number or pereentage of mismatched incoming messages is
above a designated threshold, and/or if a time period in which mismatched incoming
messagces arc received is greater than a designated time threshold. (This is to account
for transitory faults in the message repeater system.)

[0049] Tn another embodiment, the communication apparatus is configured to
perform a receiver self-check. Here, the operation module 102 controls the
transmitter 114 to transmit a known signal (e.g., a test message ot other test signal).

A feedback signal of the transmitted known signal is generated and received by the
receiver 110, in a manner as described herein. The operation module 102 compares
the received feedback signal to the known signal. If there is a mismatch between the
two, the operation module 102 generates an alert signal indicative of a possible
receiver fault. The operation module may be configured to control the transmitter for
transmitting the known signal at a designated time, such as when the message repeater
is not currently functioning to repeat transmit incoming messages. Alternatively or in
addition, the known signal may be of a type or configuration that would not interfere
with communication systems operations (e.g., of a rail vehicle distributed power
communications system) when transmitted wirelessly.

[0050] With reference to FIG. 12, an embodiment of the invention relates to a
communication method. The communication method includes a step 200 of assessing
operation of a wireless message repeater, and a step 202 of generating an alert signal
based on the assessment (i.e., based on having assessed the message repeater
operation). The wireless message repeater includes a receiver for receiving an

incoming message and a transmitter for transmitting a repeat message of the incoming
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message. The step 200 of assessing operation of the wireless message repeater
includes either or both of steps 200a, 200b. More specifically, message repeater
operation is assessed by the step 200a of comparing a feedback signal of the
transmitted repeat message to the incoming message, and/or the step 200b of
comparing a power level associated with the transmitted repeat message to at least
one threshold.

[0051] In another embodiment of the communication method, message
repeater operation is assessed by comparing the feedback signal of the transmitted
repeat message to the incoming message. The feedback signal comprises part of a
signal energy of the transmitted repeat message as received at the receiver of the
wircless message repeater.

[0052] In another cmbodiment of the communication mcthod, mcssage
repeater operation is assessed in step 200a by comparing an information content of the
feedback signal to an information content of the incoming message. In another
embodiment, message repeater operation is further assessed in step 200b by
comparing the power level associated with the transmitted repeat message to the at
least one threshold.

[0053] In another embodiment, the alert signal is generated if the information
content of the feedback signal does not match the information content of the incoming
message, according to designated criteria (as used herein, criteria means one or more
criterion). Each designated criteria is a pre-established rule regarding the character
and/or degree of mismatch (between the feedback signal and incoming message)
required for an alert signal to be generated. For example, it may be the case that any
mismatch whatsoever results in an alert signal. Alternatively, it may be the case that
an alert signal is generated only if a certain part of the feedback signal and incoming
message mismatch.

[0054] In another embodiment, message repeater operation is assessed, as in
step 200b, by receiving a measured forward signal power associated with the
transmitled repeat message, comparing the measured forward signal power to a first
threshold and/or to a second threshold, receiving a measured reflected signal power
associated with the transmitted repeat message, and computing a ratio between the
measured reflected signal power and the measured forward signal power (and/or
comparing the measured reflected signal power to a third threshold). The alert signal

is generated, as in step 202, based on the comparison of the measured forward signal
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power to the first threshold and/or to the second threshold. The alert signal is also
generated based on the ratio between the measured reflected signal power and the
measured forward signal power (e.g., the alert signal may be generated if the ratio is
above or below a particular designated ratio threshold), and/or on the comparison of
the measured reflected signal power to the third threshold.

[0055] FIG. 13 illustrates another embodiment of a communication method.
The method includes receiving, at a receiver, an incoming message from a vehicle, as
at step 204. The method further includes transmitting, from a transmitter, a repeat
message of the incoming message to the vehicle, as at step 206. At step 208, a signal
power associated with the transmitted repeat message is measured. At step 210, a
fcedback signal is received at the receiver. The feedback signal comprisces part of a
signal cnergy of the transmitted repeat message. The method further includes, as at
step 212, generating an alert signal if the feedback signal does not match the incoming
messagce according to designated criteria. At step 214, the alert signal is gencrated
based on a comparison of the signal power to a threshold.

[0056] Tn another embodiment, the communication method of FIG. 13 further
includes a step of measuring a forward signal power associated with the transmitted
repeat message. The method further includes a step of measuring a reflected signal
power associated with the transmitted repeat message. The method further includes a
step of generating the alert signal based on a comparison of the measured forward
signal power to a first threshold and/or to a second threshold. The method further
includes a step of generating the alert signal based on a ratio betweem the reflected
signal power and the measured forward signal power and/or based on a comparison of
the measured reflected signal power to a third threshold.

[0057] In another embodiment, the communication method of FIG. 13 further
imcludes a step of transmitting, from the transmitter, a known signal. A second
feedback signal is received at the receiver. The second feedback signal comprises
part of a signal energy of the transmitted known signal. The method further includes
generating the alert signal if the second feedback signal and the known signal do not
match according to second designated criteria.

[0058] Embodiments of a communication method and apparatus may
significantly improve the ability to detect a failure within a wireless message repeater
(e.g., a distributed power message repeater) by means of RF power level monitoring

and end-to-end transmitter-to-receiver message verification. In the former, forward
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and reflected power levels are sampled by means of a directional coupler, and these
levels are measured to determine proper output and reflected power. In the latter, a
feedback loop to a receiver is used to dynamically verify that every repeat message is
successfully generated and transmitted. This method verifies the proper operation of
virtually the entire message repeater system.

[0059] In an embodiment, proper message repeater operation is verified based
on RF power level measurements. An RF directional coupler is installed in the
transmitter-to-antenna system path, for taking samples of the forward and reflected
RF power, which are sent to two separate RF detectors. The detectors convert the
sampled RF energy into an analog voltage that is read by a threshold detector or a
microprocessor analog-to-digital input that functions in a similar manncr as a
threshold detector. When the forward RF power drops below a presct threshold, or
the reflected RF power rises above a preset threshold, an alert signal is sent to the
message repeater control circuit to alert it of a potential problem in the transmitter,
antenna, or antenna cabling. The control circuit then takes appropriate action, such as
alerting an external monitoring device or other fault reporting system.

[0060] In another embodiment, message repeater operation is assessed using a
feedback loop/path. In particular, the RF path of the transmitter and receiver of the
message repeater are designed in such a manner that a small amount of the transmitted
RF energy of the repeat message appears at the receiver (in the case of a multi-
channel receiver with multiple receiver units, a small amount of the transmitted RF
energy of the repeat message appears at each receiver unit). This constitutes the
feedback path. The particular receiver unit that is tuned to the channel that the
transmitter is using at that time will, in turn, demodulate and pass the feedback signal
back to the message repeater control circuit. The control circuit will simultaneously
decode the feedback signal and compare it to what was received (the incoming
message). If there is a discrepancy between what was transmitted and what was
received, the operational module (e.g., implemented as part of the repeater control
circuit) then takes appropriate action, such as alerting an external monitoring device
or other fault reporting system. This feedback method, in effect, performs a complete
end-to-end test of the entire message repeater system on a continuous basis.

[0061] As noted above, the message repeater may be an off-vehicle distributed
power message repeater, or a tunnel-based off-vehicle distributed power message

repeater (located in a tunnel). The distributed power message repeater is designed for
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use in marginal communication areas, such as in tunnels or deep cuts, to assist in RF
communication between rail vehicles in a consist equipped with distributed power
equipment, The message repeater may be compatible with the following distributed
power systems: distributed power 11, distributed power IV, LSI, LEB, and IFC. Itis
also useful where obstacles and radio multi-path interference pose a problem, such as
in large train yards. The message repeater receives, stores, and selectively retransmits
distributed power messages. A single zone message repeater system is configured to
operate with a single set of RF equipment (four receivers and one transmitter per RF
chassis), while a dual zone system is configured to operate with two sets of RF
equipment.

[0062] In an cmbodiment, the message repeater constantly monitors all
distributed power radio channcls for rail vehicle consists (¢.g., trains) nceding repeater
help. If a rail vehicle consist is heard requesting repeater assistance, this consist is
placcd on the message repeater’s active list. Consists arc placed on the active list if a
lead sub-consist of the rail vehicle sends a message that requests repeater assistance,
or if a lead is found linking to a remote. Each rail vehicle consist remains on the
active list for a predefined period of time. Once the time has elapsed, the rail vehicle
consist is removed from the active list and the message repeater no longer relays
distributed power messages. If the rail vehicle consist is still in need of repeater help,
it must again request repeater help to get back on the active list.

[0063] In an embodiment, the operation module 102 is implemented, in whole
or part, as an add-on device that permits remote monitoring of the operational status
of a message repeater and reports back to a remote facility in the event of a failure.
The operation module monitors various key elements of the message repeater (e.g.,
elements that may affect its performance) and reports any alarm conditions back to
the remote facility. Alert signals may be implemented using an alarm relay and/or a
serial interface. The operation module may be configured to routinely check and
report on one or more of the following sub-systems of the message repeater: antenna;
transmitter and associated components; receivers and associated components; store
and forward assembly function; CPU card walchdog timer; and/or DC input power.
The operation module may also be configured to perform one or more of the
following troubleshooting and maintenance-related function: a single or dual tone
transmit function for deviation measurement; channel selectable transmit function; a

manually initiated self-test function; and user scheduled automatic self-test function.
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[0064] For operational assessment based on forward power measurement, in
an embodiment, each time the message repeater keys the transmitter, either as the
result of normal repeating operation or a self-check, the forward RF and reflected RF
power are measured. If the RF output power is too low or too high, the operation
module will open the alarm relay, and set either a “low forward power” or “high
forward power” alarm field in the serial interface.

[0065] For operational assessment based on reflected power measurement, in
an embodiment, the reflected power is measured in the same manner in which forward
power is measured, which occurs every time the transmitter is keyed. Ifa calculation
of the ratio of forward to reflected power indicates a high VSWR condition, the
opcration modulc opens the alarm rclay, and scts a “high VSWR” alarm ficld in the
scrial interface.

[0066] In an embodiment, each time the message repeater transmits a repeat
message, a feedback signal of the transmitted repeat message (in cffect, a lower power
copy of the transmitted repeat message) is also received by the message repeater’s
receive units. Since receipt of the feedback signal is actually being provided by the
message repeater’s own receivers, the proper operation of both the transmitter and the
receiver are verified with each transmission. Once the received feedback signal is
received and decoded, various components of the information content of the feedback
signal are verified.

[0067] In an embodiment, the operation module is configured to initiate a loop
back and repeat self-test. This can be either manually activated by means of a user
interface, by serial control, or can result from a user defined schedule. When the self-
test is activated, the transmitter is controlled to transmit a known signal (¢.g., a test
message) designed to elicil a message repeater’s repeal response. When the test
message or other known signal is initially transmitted, the proper receipt of the known
signal, by means of the message repeater’s own receivers, is verified as described
above. After the known signal (e.g., test message) is transmitted, however, the
operation module may also verify that the message repeater properly repeats the
known signal (e.g., test message) in the appropriate radio protocol time slot. In the
event that the transmitted message is not received correctly, or the message repeater
fails to repeat the known signal (e.g., test message), the alarm relay is opened and the

appropriate alarm field in the serial interface is set. For multi-channel receivers,
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respective test messages may be generated at the frequency of each receiver unit, for
testing each receiver unit,

[0068] In an embodiment, the operation module is configured to execute a
self-test on a user-defined schedule to ensure that each channel is verified as
operational on a routine basis. This may be required in areas where there is little to no
message repeater traffic for long periods of time. In an embodiment, the scheduled
self-check can be configured to run the self check in periods from once every thirty
minutes to once every twenty-four hours. In addition, the user may select if this
check is always conducted, or only executed if that channel has not successfully
repeated distributed power traffic within that same specified time period.

[0069] In an embodiment, powcr of the message repeater (or portion thercof)
is automatically cycled upon occurrence of an alert signal. To prevent the message
repeater from going into a continuous cycle of power resets (due to certain types of
faults), thcre may be a maximum number of allowed power rescts before service is
required.

[0070] Tn another embodiment, message repeater power supply levels are
monitored, and an alert signal generated if the levels go above or below a preset
value.

[0071] In another embodiment, the operation module is configured to control
the message repeater, upon receipt of a designated control signal(s), to transmit a tone
or tones to assist in transmitter deviation measurement and troubleshooting of the
transmitter portion of the message repeater. Examples include transmitting a
continuous mark (e.g., 1300 Hz) audio tone, and transmitting an alternating sequence
of mark and space (e.g., 1300/2100 Hz) tones. The tones and transmission will
remain active for as long as the designated control signal is present, and/or up to a
maximum test time period (e.g., sixtly seconds).

[0072] In another embodiment, in a multi-channel message repeater, the
operation module includes (i) a user interface for selecting which of plural channels to
test (e.g., by transmitting a test signal), and (ii) a switch for user initiation a test on the
selected channel. For example, a test may be run on the selected channel for so long
as the switch is depressed and/or for a designated maximum time period.

[0073] FIG. 14 is illustrative of several aspects of the invention. First, as
noted above, the operation module 102 may be an add-on monitoring unit for a

message repeater 104, The message repeater 104 includes an RF equipment assembly
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184 and a control circuit 156, such as a message repeater store-and-forward assembly.
More specifically, the RF equipment assembly 184 includes the transmitter 114,
receiver 110, antenna system 106, etc. for transmitting, receiving, and demodulating
messages. The message repeater store-and-forward assembly assesses incoming
messages for repeat transmission, and controls the transmitter 114 for transmitting
repeat messages (among other possible functions). The operation module 102 is
disposed between the RF equipment assembly 184 and the message repeater store-
and-forward assembly 156, and is operably connected to both for carrying out the
various functions as described herein. For example, the operation module 102 may be
configured to control, receive information from, and/or operate in conjunction with
the message repeater storc-and-forward assembly for receiving decoded incoming
messages and decoded feedback signals from the message repeater storc-and-forward
assembly, and comparing the two according to designated criteria, for assessing
message repeater operation and possibly gencrating an alert signal. For this purposc,
the operation module may include various electronic processing and control
circuits/units 178.

[0074] According to another aspect, the operation module 102 may have a
user interface portion 180. The user interface 180 may include a display or other
controllable indicia (e.g., LED’s) 186, and a switch or other user controls 188, as
described elsewhere herein.

[0075] According to another aspect, the operation module 102 may have a
communications section 182, such as a wireless unit and/or a serial interface, for
communicating with a customer office or other remote facility 135. For example, the
communications section 182 may be used to transmit alert signals to the remote
facility, under conditions as described herein.

[0076] FIG. 15 illustrates another embodiment of a communication method.
The method comprises a step 300 ot automatically performing an operations
assessment of a rail vehicle distributed power message repeater (e.g., in a manner as
described elsewhere herein), and a step 302 of communicating with a remote facility
based on the operations assessment. The message repeater (positioned proximate to a
rail vehicle track or otherwise, e.g., on-board) is configured to wirelessly repeat
distributed power messages for a train or other rail vehicle traveling along the track
(i.e., receive incoming messages from the rail vehicle and transmit repeat messages

back to the rail vehicle). Communicating with the remote facility may include
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transmitting alert signals to the remote facility, if the operations assessment indicates
a fault condition in the message repeater. “Automatically” performing means
performing without human initiation or involvement.

[0077] In another embodiment, the automatic operations assessment of the
message receiver is performed automatically by the communication apparatus
(operation module and/or message repeater), on a periodic basis (such as an automatic
periodic self-check) and/or during normal operating of repeating messages. The
automatic assessment includes assessing operations of one or more electronic
components and/or electronic sub-systems in the message repeater, using one or more
of the methods described herein or otherwise. In an embodiment, the automatic
asscssment includes transmission power level monitoring and/or a transmitter-to-
receiver message verification feedback loop. (Transmitter-to-receiver message
verification may be done periodically as a self-check, using known signals, e.g., test
messagces, and/or it may be donc automatically during ongoing opcrations of the
message repeater for repeating messages.) Automatic communications with the
remote facility may include sending messages or other signals with information
relating to the automatic assessment, including transmitting alert signals when faults
are detected.

[0078] In another embodiment, a method includes a step of receiving a
message or other signal from a communication apparatus, the apparatus including a
rail vehicle distributed power message repeater. The message or other signal relates
to an automatic operations assessment of the message repeater. The message or other
signal is received at a facility remote from the message repeater. The method further
comprises determining a corrective action (e.g., a repair) for the message repeater
based on the received message or other signal. When the corrective action is
implemented, the message repeater is transtormed from a first state (e.g., electronics
configured in a manner resulting in incorrect operation) to a second, different state
(e.g., electronics configured in a manner resulting in correct action). In an
embodiment, the corrective action is determined automatically by a computer system
at the remote facility, such as by comparing the contents of the message or other
signal received from the message repeater to a diagnostics database that correlates
symptoms to particular known faults.

[0079] Although embodiments are illustrated as involving receiving incoming

messages from a vehicle (or other source) and transmitting repeat messages back to
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the vehicle (or other source), the repeat messages could instead be transmitted to
another vehicle or other destination.

[0080] In an embodiment, a facility is “remote” from a message repeater if it
is outside the communications range of the message repeater for message repeating
operation. Additionally, unless specifically identified as an individual car, the term
“rail vehicle” includes both individual cars and groups of cars linked together as a
train or other consist. The phrase ‘ratio between “A” and “B”” encompasses A/B and
B/A.

[0081] Although embodiments are described here in regards to off-board
message repeaters, aspects of the invention are also applicable to on-board message
repeaters.

[0082] It is to be undcrstood that the above description is intended to be
illustrative, and not restrictive. For example, the above-described embodiments
(and/or aspccts thercof) may be used in combination with cach other. In addition,
many modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from its scope. While the dimensions
and types of materials described herein are intended to define the parameters of the
invention, they are by no means limiting and are exemplary embodiments. Many
other embodiments will be apparent to those of ordinary skill in the art upon
reviewing the above description. The scope of the invention should, therefore, be
determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled. In the appended claims, the terms
“including” and “in which™ are used as the plain-language equivalents of the
respective terms “comprising” and “wherein.” Moreover, in the following claims, the
terms “first,” “second,” and “third,” elc. are used merely as labels, and are not
mtended to impose numerical requirements on their objects. Further, as used herein,
“criteria” means one or more criterion.

[0083] This written description uses examples to disclose several
embodiments of the invention, including the best mode, and also to enable any person
of ordinary skill in the art to practice the embodiments of invention, including making
and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the claims, and may include other
examples that occur to those 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
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not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal languages of the
claims.

[0084] As used herein, an element or step recited in the singular and
proceeded with the word “a” or “an” should be understood as not excluding plural of
said elements or steps, unless such exclusion is explicitly stated. Furthermore,
references to “one embodiment” of the present invention are not intended to be
interpreted as excluding the existence of additional embodiments that also incorporate
the recited features. Moreover, unless explicitly stated to the contrary, embodiments
“comprising” or “having” an element or a plurality of elements having a particular
propcrty may include additional such clements not having that property.

[0085] Since certain changes may be madc in the above-described apparatuscs
and methods for repeating communication messages in a rail vehicle system, without
departing from the spirit and scopc of the invention herein involved, it is intended that
all of the subject matter of the above description or shown in the accompanying
drawings shall be interpreted merely as examples illustrating the inventive concept

herein and shall not be construed as limiting the invention.
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The claims defining the invention are as follows:

1. A communication apparatus comprising:
an off-board wireless message repeater configured to be positioned proximate
to a vehicle route, the message repeater having an antenna system, a transmitter, and a
receiver, the transmitter and receiver operably coupled to the antenna system, the
receiver configured to receive an incoming message from a vehicle traveling along the
route and the transmitter configured to transmit a repeat message of the incoming
message to the vehicle; and
an operation module configured to communicate with the message repeater,
wherein:
the operation module is configured to generate an alert signal if a
message or other information content of a feedback signal does not match a
message or other information content of the incoming message, the feedback
signal comprising part of a signal energy of the transmitted repeat message as
received by the receiver; and
the operation module is configured to generate the alert signal if a
measured forward power associated with the transmitted repeat message is

below a first threshold.

2. The communication apparatus of claim 1 further comprising a directional
coupler sub-system coupled between the transmitter and antenna system, the
directional coupler sub-system configured to measure the forward power by sampling
a signal of the transmitted repeat message that passes through the directional coupler

sub-system from the transmitter to the antenna system.

3. The communication apparatus of claim 2 further comprising a detector sub-
system connected to the directional coupler sub-system, the detector sub-system
configured to convert a sampling output of the forward power of the directional
coupler sub-system into a format for use by the operation module in comparing the

measured forward power to the first threshold.
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4. The communication apparatus of any one of claims 1 to 3 further comprising
an RF circulator coupled between the receiver, the transmitter, and the antenna system
for passing the incoming message from the antenna system to the receiver and the
repeat message from the transmitter to the antenna system, wherein the feedback
signal is generated through an impedance mismatch between a port of the circulator to
which the transmitter is connected and a port of the circulator to which the antenna

system is connected.

5. The communication apparatus of any one of claims 1 to 4 wherein the alert
signal that is generated if the message or other information content of the feedback
signal does not match the message or other information content of the incoming
message is different than the alert signal that is generated if the measured forward

power associated with the transmitted repeat message is below the first threshold.

6. A communication method comprising the steps of:

receiving, at a receiver, an incoming message from a vehicle;

transmitting, from a transmitter, a repeat message of the incoming message to
the vehicle;

measuring a signal power associated with the transmitted repeat message;

receiving, at the receiver, a first feedback signal comprising part of a signal
energy of the transmitted repeat message;

generating an alert signal if the first feedback signal does not match the
incoming message according to first designated criteria; and

generating the alert signal based on a comparison of the signal power to a

threshold.

7. The communication method of claim 6 further comprising:

measuring a forward signal power associated with the transmitted repeat
message;

measuring a reflected signal power associated with the transmitted repeat
message;

generating the alert signal based on a comparison of the measured forward

signal power to a first threshold and/or to a second threshold; and
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generating the alert signal based on a ratio between the reflected signal power
and the measured forward signal power and/or based on a comparison of the

measured reflected signal power to a third threshold.

8. The communication method of claim 6 or 7 further comprising:

transmitting, from the transmitter, a known signal;

receiving, at the receiver, a second feedback signal comprising part of a signal
energy of the transmitted known signal; and

generating the alert signal if the second feedback signal and the known signal

do not match according to second designated criteria.

9. The communication method of any one of claims 6 to 8 wherein the alert
signal that is generated if the first feedback signal does not match the incoming
message according to first designated criteria is different than the alert signal that is

generated based on the comparison of the signal power to the threshold.

10. A communication apparatus comprising:
an operation module configured to communicate with an off-board wireless
message repeater having a transmitter operably coupled to an antenna system and a
receiver operably coupled to the antenna system, wherein:
the operation module is configured to generate an alert signal if a
message or other information content of a feedback signal does not match a
message or other information content of an incoming message received by the
message repeater receiver from a vehicle traveling along a route by which the
message repeater is proximately positioned, the feedback signal comprising
part of a signal energy of a transmitted repeat message of the incoming
message as transmitted by the transmitter and received by the receiver; and
the operation module is configured to generate the alert signal if a
measured forward power associated with the transmitted repeat message is

below a first threshold.
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11. The communication apparatus of claim 10 further comprising a directional
coupler sub-system coupled between the transmitter and antenna system, the
directional coupler sub-system configured to measure the forward power by sampling
a signal of the transmitted repeat message that passes through the directional coupler

sub-system from the transmitter to the antenna system.

12. The communication apparatus of claim 11 further comprising a detector sub-
system connected to the directional coupler sub-system, the detector sub-system
configured to convert a sampling output of the forward power of the directional
coupler sub-system into a format for use by the operation module in comparing the

measured forward power to the first threshold.

13. The communication apparatus of any one of claims 10 to 12 further
comprising an RF circulator coupled between the receiver, the transmitter, and the
antenna system for passing the incoming message from the antenna system to the
receiver and the repeat message from the transmitter to the antenna system, wherein
the feedback signal is generated through an impedance mismatch between a port of
the circulator to which the transmitter is connected and a port of the circulator to

which the antenna system is connected.

14. The communication apparatus of any one of claims 10 to 13 wherein the alert
signal that is generated if the message or other information content of the feedback
signal does not match the message or other information content of the incoming
message is different than the alert signal that is generated if the measured forward

power associated with the transmitted repeat message is below the first threshold.

15. A communication apparatus comprising:

an off-board wireless message repeater configured to be positioned proximate
to a vehicle route, the message repeater having an antenna system, a transmitter, a
power monitoring sub-system, and a receiver, the transmitter and receiver operably
coupled to the antenna system, wherein: the receiver is configured to receive a
wireless incoming message from a vehicle traveling along the route; responsive to the
incoming message that is received, the transmitter is configured to transmit a wireless

repeat message of the incoming message to the vehicle; subsequent to the wireless
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repeat message being transmitted by the transmitter, the receiver is configured to
receive a feedback signal comprising part of a signal energy of the wireless repeat
message that is transmitted by the transmitter; and the power monitoring sub-system
is configured to measure a forward power associated with the repeat message
transmitted by the transmitter; and
an operation module configured to communicate with the message repeater,
wherein:
the operation module is configured to compare a message or other
information content of the feedback signal received by the receiver to a
message or other information content of the incoming message received by the
receiver;
the operation module is configured to generate an alert signal if the
message or other information content of the feedback signal received by the
receiver does not match the message or other information content of the
incoming message received by the receiver; and
the operation module is configured to generate the alert signal if the
measured forward power associated with the transmitted repeat message is

below a first threshold.

16. The communication apparatus of claim 15 wherein the power monitoring sub-
system comprises a directional coupler sub-system coupled between the transmitter
and antenna system, the directional coupler sub-system configured to measure the
forward power by sampling a signal of the transmitted repeat message that passes

through the directional coupler sub-system from the transmitter to the antenna system.

17. The communication apparatus of claim 16 further comprising a detector sub-
system connected to the directional coupler sub-system, the detector sub-system
configured to convert a sampling output of the forward power of the directional
coupler sub-system into a format for use by the operation module in comparing the

measured forward power to the first threshold.
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18. The communication apparatus of any one of claims 15 to 17 further
comprising an RF circulator coupled between the receiver, the transmitter, and the
antenna system for passing the incoming message from the antenna system to the
receiver and the repeat message from the transmitter to the antenna system, wherein
the feedback signal is generated through an impedance mismatch between a port of
the circulator to which the transmitter is connected and a port of the circulator to

which the antenna system is connected.

19. The communication apparatus of any one of claims 15 to 18 wherein the alert
signal that is generated if the message or other information content of the feedback
signal does not match the message or other information content of the incoming
message is different than the alert signal that is generated if the measured forward

power associated with the transmitted repeat message is below the first threshold.
20. A communication apparatus or a communication method, wherein the

apparatus or method is substantially as hereinbefore described with reference to any

one of the embodiments as illustrated in the accompanying drawings.
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