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(57) Abrégé/Abstract:

A coded track circuit of a signaling control equipment to be located at a wayside location of a railway track is provided. The coded
track circuit comprises a first track circuit card coupled to rails of the railway track to detect an absence of a train on the railway
track, inform signallers and control relevant signals via track codes. The coded track circuit further comprises a second track circuit
card coupled to rails of the railway track, the second track circuit card is inactive but ready to provide a warm-standby or a hot-
standby such that the second track circuit card to take over control from the first track circuit card should the first track circuit card

fails.
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ABSTRACT

A coded track circuit of a signaling control equipment to be located at a -
wayside location of a railway track is provided. The coded track circuit comprises a
first track circuit card coupled to rails of the railway track to detect an absence of
5  atrain on the railway track, inform signallers and control relevant signals via track
codes. The coded track circuit further comprises a second tréck circuit card coupled
to rails of the railway track, the second track circuit card is inactive but ready to
provide a warm-standby or a hot-standby such that the second track circuit card to
take over control from the first track circuit card should the first track circuit card
10 fails. |
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WARM OR HOT STANDBY TRACK CARD MODULE
FOR USE ON A WAYSIDE OF A RAILWAY SYSTEM

BACKGROUND

5 1.Field

[0001]  Aspects of the present invention generally relate to signaling control at a
wayside location of a railway track and more specifically relate to a track card that
supports a selective redundancy as two track cards are connected to a same track on a

wayside of a railway system.
10

' 2. Description of the Related Art

[0002] Most railroads use track circuits to determine which sections of a railway
track are occupied by trains. Track circuits work by running a circuit using the rails to
connect a power source at one end of the block with a relay at the far end. The relay
15 and power source are connected to each rail by cables. As long as the circuit is
complete, low voltage power flows down one rail, through a relay, and returns to the
power source via the other rail. If the circuit is complete, the relay will be energized,
which keeps signals in the “clear” position. If the circuit is broken, the system fails in
a safe manner. A broken rail or a failed power source causes the relay to become de-

.20 energized and report the section of track as occupied.

[0003]  Track circuit cards are connected directly to the rails of a railway track and
therefore are susceptible to lightning and other sources for over-voltage. This creates a

single point of failure for the signaling control equipment in a wayside location.

[0004] Current implementations of coded track circuit cards (Electrcode® or
25  MIKROTRAX® compatible) do not support any standby concepts. There is a similar
concept implemented for grade crossing equipment. However, the implementation in

the GCP4000/5000 requires changeover to a complete redundant system that does not

1
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boot until activated (system 1 is operational > fails = change over to system 2 -
system 2 boots and takes over. This is a cold-standby concept that also requires a full

second set of equipment.

[0005]  Therefore, there is a need for a solution that survives a single point of

5  failure for the signaling control equipment in a wayside location.

SUMMARY

[0006] Briefly described, aspects of the present invention relate to a track card that
supports the selective redundancy concept of a railway system such that two track

10 cards may be connected to the same track. It is understood that the inactive card will
| need to be insulated from the rails by means of an air-gap (relay). The inactive card
will continually run online checks to verify that it is ready to take over control should

the active card fails. The reception of established track codes will likely get lost for a

brief moment (about 6 seconds in case of Electrcode®) but will pick up automatically

15  afterwards. This is a warm-standby or a hot-standby concept.

[0007] In accordance with one illustrative embodiment of the present invention, a
coded track circuit of a signaling control equipment to be located at a‘ wayside
location of a railway track is provided. The coded track circuit comprises a first track
circuit card coupled to rails of the railway track to detect an absence of a train on the
20 railway track, inform signallers and control relevant signals via track codes. The
coded track circuit further comprises a second track circuit card coupled to rails of the
railway track, the second track circuit card is inactive but ready to provide a warm-
standby such that the second track circuit card to take over control from the first track

circuit card should the first track circuit card fails.

25 [0008] In accordance with another illustrative embodiment of the present
invention, a track circuit system for use at a wayside location of a railway track is
provided. The track circuit system comprises a coded track circuit, a first track circuit

card and a second track circuit card. The first track circuit card is coupled to rails of
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the railway track and coupled to the coded track circuit to detect an absence of
a train on the railway track, inform signallers and control relevant signals via track
codes. The second track circuit card is coupled to rails of the railway track and
coupled to the coded track circuit to provide a warm-standby such that the second
5  track circuit card to take over control from the first track circuit card should the first

track circuit card fail.

[0009] In accordance with another illustrative embodiment of the present
invention, a method of signaling control at a wayside location of a railway track is
provided. The method comprises providing a coded track circuit, providing a first
10 track circuit card coupled to rails of the railway track and coupled to the coded track
circuit to detect an absence of a train on the railway track, inform signallers and
control relevant signals via track codes and providing a second track circuit card
coupled to rails of the railway track and coupled to the coded track circuit to provide a
warm-standby such that the second track‘circuit card to take over control from the

15 first track circuit card should the first track circuit card fail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates a schematic block diagram of an unoccupied track circuit

in accordance with an exemplary embodiment of the present invention.

[0011]  FIG. 2 illustrates a schematic block diagram of an occupied track circuit in

20  accordance with an exemplary embodiment of the present invention.

[0012] FIG. 3 illustrates a schematic block diagram of a track circuit system in

accordance with another exemplary embodiment of the present invention.

[0013]  FIG. 4 illustrates a schematic block diagram of a track circuit system with
internal relays in accordance with another exemplary embodiment of the present

25  invention.

[0014]  FIG. 5 illustrates a schematic block diagram of a track circuit system with

an external relay in accordance with another exemplary embodiment of the present
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invention.

[0015]  FIG. 6 illustrates a flow chart of a method of signaling control at a wayside
location of a railway track according to an exemplary embodiment of the present

invention.

DETAILED DESCRIPTION

[0016] To facilitate an understanding of embodiments, principles, and features of
the present invention, they are explained hereinafter with reference to implementation
in illustrative embodiments. In particular, they are described in the context of being a
10 warm-standby or hot-standby track circuit module. For example, the warm-standby, or
hot-standby track circuit module provides a selective redundancy as two track cards
are connected to a same track on a wayside of a railway system. Warm-standby is a
method of redundancy in which the secondary (i.e., backup) system runs in the
background of the primary system. Data is mirrored to the secondary server at regular
15  intervals. Hot-stand-by is a method ofredundancyin which the primary and
secondary (i.e., backup) systems run simultaneously. The data is mirrored to the
secondary server in real time so that both systems contain identical information.
Embodiments of the present invention, however, are not limited to use in the

described devices or methods.

20 [0017] The components and materials described hereinafter as making up the
various embodiments are intended to be illustrative and not restrictive. Many suitable
components and materials that would perform the same or a similar function as the
materials described herein are intended to be embraced within the scope of

embodiments of the present invention.

25 [0018] Consistent with one embodiment of the present invention, FIG. 1 represents
a schematic block diagram of an unoccupied track circuit 5 in accordance with an
exemplary embodiment of the present invention. The unoccupied track circuit 5

works by running a circuit using the rails to connect a power source 7 at one end of
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the block with arelay 9 at the far end. The relay 9 and the power source 7 are
connected to each rail by cables. As long as unoccupied track circuit 5 is complete,
low voltage power flows down one rail, through the relay 9, and returns to the power
source 7 via the other rail. If the unoccupied track circuit 5 is complete, the relay 9
5  will be energized, which keeps signals in the “clear” position. If the unoccupied track
circuit 5 is broken, the 'system fails in a safe manner. A broken rail or a failed power
source causes the relay 9 to become de-energized and report the section of track as

occupied.

[0019] In one embodiment, a track circuit system includes an active card 10 and an
10 inactive card 15 that may be connected to a same track 20. The inactive card 15 is .
insulated from the rails by means of an air-gap (relay) 25. The inactive card 15
continually runs online checks to verify that it is ready to take over control should the
active card 10 fail. In this way, the inactive card 15 provides is a warm standby

concept.

15 [0020] As used herein, “an inactive card or module” refers to a track circuit card
or module configured to support an automatic selective redundancy in response to a
failure or a malfunction of an active card. As used herein, “a warm-standby concept”
refers to a warm-standby or a hot-standby as opposed to a cold standby that requires a
boot. The “inactive card or module,” in addition to the exemplary hardware

20  description above, refers to a system that is configured to provide a driver circuit to
operate a relay device. The driver circuit can include control electronics and multiple
interacting devices, whether located together or apart, that togéther perform processes
as described herein. The “inactive card or module” may be a single rail type or a
double rail type. In a single rail type, traction return current passes through one rail

25 only. In a double rail type, traction return current passes through both rails of the

track circuit.

[0021]  The techniques described herein can be particularly useful for using a relay-
based track circuit card or module. While particular embodiments are described in
terms of a relay-based track circuit card or module, the techniques described herein

30 are not limited to the relay-based track circuit card or module but can also use other

4
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mechanisms such as other broadcast and communication devices.

[0022]  Referring to FIG. 2, it illustrates a schematic block diagram of an occupied
track circuit 200 in accordance with an exemplary embodiment of the present
invention. The occupied track circuit 200 works by running a circuit using the rails to

connect a power source 207 at one end of the block with a relay 209 at the far end.

[0023] A train is detected because it shorts the occupied track circuit 200. In
railroading, this is called “shunting” the occupied track circuit 200. When a train
enters a block, metal wheels and axle 215 conduct the occupied track circuit 200 as a
short cut which bypasses the relay 209. This de-energizes the relay 209, which causes
signals to report the block as occupied. Two track cards 10, 15 may be connected to
the same track 20 and the in-active track card 15 supports a selective redundancy

concept of a railway system.

[0024] Turning now to FIG. 3, it illustrates a schematic block diagram of a track
circuit system 300 in accordance with another exemplary embodiment of the present
invention. In order for the track circuit system 300 to work, a railway track 315 is
divided into blocks of varying length. Each block is divided from the adjacent blocks
by an insulated joint between rails. Blocks often have signals at each end to control
train movements. Signals are transmitted to the cab of a train 322, and are not present
next to the tracks except at switches. Each block has a coded track circuit 310 Which

determines whether the train 322 is present.

[0025] The track circuit system 300 includes the coded track circuit 310 of a
signaling control equipment 312 located at a wayside location of the railway track
315. The coded track circuit 310 comprises a first track circuit card 320(1) coupled to
rails of the railway track 315 to detect an absence of the train 322 on the railway track
315, inform signallers and control relevant signals via track codes. The coded track
circuit 310 further comprises a second track circuit card 320(2) coupled to rails of the
railway track 315. The second track circuit card 320(2) is inactive but ready to
provide a warm-standby or a hot-standby capability 325 such that the second track

circuit card 320(2) to take over control from the first track circuit card 320(1) should

CA 2997979 2018-03-12



10

15

20

25

- 2016P20778CA

the first track circuit card 320(1) fails.

[0026]  The second track circuit card 320(2) will continually run online checks 327
to verify that the second track circuit card 320(2) is ready to take over control. The
second track circuit card 320(2) is insulated from the rails of the railway track 315 by

means of an air-gap provided by a relay 330.

[0027] In operation, the first track circuit card 320(1) transmits and receives
signals 335 on the coded track circuit 310 for the purposes of communicating with the
second track circuit card 320(2) on the coded track circuit 310. The first track circuit
card 320(1) determines a presence of the train 322 via a shunting action of train axles

based on received signal levels (see FIG. 2 for details).

[0028] The coded track circuit 310 further comprises a standby logic 340 to
control the warm-standby or hot-standby capability 325 to achieve redundancy.of
operation of a track module or card. The second track circuit card 320(2) to provide
the warm-standby or hot-standby capability 325 in an event the first track circuit card

320(1) malfunctions.

[0029] FIG. 4 illustrates a schematic block diagram of a track circuit system 400
with first and second internal relays 405(1-2) in accordance with another exemplary
embodiment of the present invention. The track circuit system 400 comprises a first
track module 410(1) and a second track module 410(2). The track circuit system 400
comprises a first coded track circuit 420(1). A track circuit has mainly two ends i.e. a

feed end and a relay end.

[0030] Through the first coded track circuit 420(1) power is applied to each fail
and arelay coil 405(1) wired across them. When no train is present, the relay coil
405(1) is energized by the current flowing from a power source through the rails.
When a train is present, its axles short (shunt) the rails together; the current to the
track relay coil 405(1) drops, and it is de-energized. Circuits through the relay

contacts therefore report whether or not the track is occupied.
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[0031] The first track module 410(1) includes a first control electronics 415(1)
coupled to the first internal relay 405(1). The second track module 410(2) includes a
second control electronics 415(2) coupled to the second internal relay 405(2). The
first and the second internal relays 405(1-2) are coupled to the first coded track circuit
420(1).

[0032] The first control electronics 415(1) and the second control electronics
415(2) may be implemented via a processor or microprocessor in combination with

some storage such as flash memory.

[0033] The first internal relay 405(1) being internal to the first track module
410(1) interfaces the first track module 410(1) to the first coded track circuit 420(1).
The second internal relay 405(2) being internal to the second track module 410(2)

interfaces the second track module 410(2) to the coded track circuit.

[0034]  As seen in FIG. 5, it illustrates a schematic block diagram of a track circuit
system 500 with an external relay 505 in accordance with another exemplary
embodiment of the present invention. The track circuit system 500 comprises a third
track module 410(3) and a fourth track module 410(4). The third track module 410(3)
includes a third control electronics 415(3). The fourth track module 410(4) includes a
fourth control electronics 415(4). The track circuit system 500 comprises a second
coded track circuit 420(2).

[0035] The third control electronics 415(3) and the fourth control electronics
415(4) may be implemented via a processor or microprocessor in combination with

some storage such as flash memory.

[0036] The track circuit system 500 further comprises a standby logic 510 to
control a standby capability to achieve redundancy. The third track module 410(3)
includes a first output connection 515(1). The fourth track module 410(4) includes a
second output connection 515(2). The external relay 505 is connected to the third
track module 410(3) and the fourth track module 410(4) such that the first output

connection 515(1) and the second output connection 515(2) are in iaarallel.
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[0037]  The standby logic 510 is coupled to the external relay 505. The standby
logic 510 may be implemented via a processor or microprocessor in combination with

some storage such as flash memory.

[0038]  As shown in FIG. 6, it illustrates a flow chart of a method 600 of signaling
control at a wayside location of a railway track according to an exemplary
embodiment of the present invention. Reference is made to the elements and features
described in FIGs. 1-5. It should be appreciated that some steps are not required to be

performed in any particular order, and that some steps are optional.

[0039] At step 605, the method 600 includes providing a coded track circuit with
two track modules or cards. At step 610, the method 600 includes providing a first
track circuit card coupled to rails of the railway track and coupled to the coded track
circuit to detect an absence of atrain on the railway trabk, inform signallers and

control relevant signals via track codes.

[0040] At step 615, the method 600 includes providing a second track circuit card
coupled to rails of the railway track and coupled to the coded track circuit to provide a
warm-standby such that the second track circuit card to take over control from the
first track circuit card should the first track circuit card fail. At step 620, the method

600 includes providing signaling control at a wayside location of a railway track.

[0041] The method 600 further comprises continually running online checks to
verify that the second track circuit card is ready to take over control. The method 600
further comprises insulating the second track circuit card from the rails of the railway
track by means of an air-gap provided by a relay. The method 600 further comprises
providing a standby capability by the second track circuit card in an event the first

track circuit card malfunctions.

[0042] While embodiments of the present invention have been disclosed in
exemplary forms, it will be apparent to those skilled in the art that many
modifications, additions, and deletions can be made therein without departing from

the spirit and scope of the invention and its equivalents, as set forth in the following

CA 2997979 2018-03-12



2016P20778CA

claims.

[0043] Embodiments and the various features and advantageous details thereof are
explained more fully with reference to the non-limiting embodiments that are
illustrated in the accompanying drawings and detailed in the following description.
5  Descriptions of well-known starting materials, processing techniques, components
and equipment are omitted so as not to unnecessarily obscure embodiments in detail.
It should be understood, however, that the detailed description and the specific
examples, while indicating preferred embodiments, are given by way of illustration
only and not by way of limitation. Various substitutions, modifications, additions
10 and/or rearrangements within the spirit and/or scope of the underlying inventive

concept will become apparent to those skilled in the art from this disclosure.

[0044] As used herein, the terms “comprises,” “comprising,” “includes,”
“including,” “has,” “having” or any other variation thereof, are intended to cover a
non-exclusive inclusion. For example, a process, article, or apparatus that compriseé
15  a list of elements is not necessarily limited to only those elements but may include

other elements not expressly listed or inherent to such process, article, or apparatus.

[0045] Additionally, any examples or illustrations given herein are not to be
regarded in any way as restrictions on, limits to, or express definitions of, any term or
terms with which they are utilized. Instead, these examples or illustrations are to be
20 regarded as being described with respect to one particular embodiment and as
illustrative only. Those of ordinary skill in the art will appreciate that any term or
terms with which these examples or illustrations are utilized will encompass other
embodiments which may or may not be given therewith or elsewhere in the
specification and all such embodiments are intended to be included within the scope

25  ofthat term or terms.

[0046] In the foregoing specification, the invention has been described with
reference to specific embodiments. However, one of ordinary skill in the art
appreciates that various modifications and changes can be made without departing

from the scope of the invention. Accordingly, the specification and figures are to be

10
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regarded in an illustrative rather than a restrictive sense, and all such modifications

are intended to be included within the scope of invention.

[0047]  Although the invention has been described with respect to specific
embodiments thereof, these embodiments are merely illustrative, and not restrictive of
the invention. The description herein of illustrated embodiments of the invention is
not intended to be exhaustive or to limit the invention to the precise forms disclosed
herein (and in particular, the inclusion of any particular embodiment, feature or
function is not intended to limit the scope of the invention to such embodiment,
feature or function). | Rather, the description is intended to describe illustrative
embodiments, features and functions in order to provide a person of ordinary skill in
the art context to understand the invention without limiting the invention to any
particularly described embodiment, feature or function. While specific embodiments
of, and examples for, the invention are described herein for illustrative purposes only,
various equivalent modifications are possible within the spirit and scope of the
invention, as those skilled in the relevant art will recognize and appreciate. As
indicated, these modifications may be made to the invention in light of the foregoing
description of illustrated embodiments of the invention and are to be included within
the spirit and scope of the invention. Thus, while the invention has been described
herein with reference to particular embodiments thereof, a latitude of modification,
various changes and substitutions are intended in the foregoing disclosures, and it will
be appreciated that in some instances some features of embodiments of the invention
will be employed without a corresponding use of other features without departing
from the scope and spirit of the invention as set forth. Therefore, many modifications
may be made to adapt a particular situation or material to the essential scope and spirit

of the invention.

[0048] Respective appearances. of the phrases "in one embodiment,” "in an
embodiment," or "in a specific embodiment" or similar terminology in various places
throughout this specification are not necessarily referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics of
any particular embodiment may be combined in any suitable manner with one or more

other embodiments. It is to be understood that other variations and modifications of

11
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the embodiments described and illustrated herein are possible in light of the teachings

herein and are to be considered as part of the spirit and scope of the invention.

[0049]  In the description herein, numerous specific details are provided, such as
ex’amples of components and/or methods, to provide a thorough understanding of
5  embodiments of the invention. One skilled in the relevant art will recognize, however,
that an embodiment may be able to be practiced without one or more of the specific
details, or with other apparatus, systems, assemblies, methods, components, materials,
parts, and/or the like. In other instances, well-known structures, components,
systems, materials, or operations are not specifically shown or described in detail to "
10 avoid obscuring aspécts of embodiments of the invention. While the invention may
be illustrated by using a particular embodiment, this is not and does not limit the
invention to any particular embodiment and a person of [ordinary skill in the aft will
recognize that additional embodiments are readily understandable and are a part of

this invention.

15 [0050] It will also be appreciated that one or more of the elements depicted in the
drawings/figures can also be implemented in a more separated or integrated manner,
or even removed or rendered as inoperable in certain cases, as is useful in accordance

with a particular application.

[0051]  Benefits, other advantages, and solutions to problems have been described
20  above with regard to specific embodiments. However, the benefits, advantages,
solutions to problems, and any component(s) that may cause any benefit, advantage,
or solution to occur or become more pronounced are not to be construed as a critical,

required, or essential feature or component.

12
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CLAIMS:

1. A coded track circuit of a signaling control equipment to be located at a wayside
location of a railway track, the coded track circuit comprising:
a first track circuit card coupled to rails of the railway track to detect an absence of
a train on the railway track, inform signallers and control relevant signals via track codes; and
a second track circuit card coupled to rails of the railway track, the second track circuit
card is inactive but ready to provide a warm-standby or a hot-standby such that the second
track circuit card to take over control from the first track circuit card should the first track

circuit card fails.

2. The coded track circuit of claim 1, wherein the second track circuit card will
continually run online checks to verify that the second track circuit card is ready to take over

control.

3. The coded track circuit of claim 1, wherein the second track circuit card is insulated

from the rails of the railway track by means of an air-gap provided by a relay.

4. The coded track circuit of claim 1, wherein the first track circuit card transmits and
receives signals on the coded track circuit for the purposes of communicating with the second
track circuit card on the coded track circuit.

5. The coded track circuit of claim 1, wherein the first track circuit card determines a
presence of a train via a shunting action of train axles based on signal levels of signals

received from the railway track.

6. The coded track circuit of claim 1, wherein the second track circuit card to provide a

standby capability in an event the first track circuit card malfunctions.

13
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7. The coded track circuit of claim 1, further comprising:

a first relay to interface the first track circuit card to the coded track circuit being
internal to the first track circuit card;

a second relay to interface the second track circuit card to the coded track circuit being

internal to the second track circuit card.

8. The coded track circuit of claim 1, further comprising:

a standby logic to control a standby capability to achieve redundancy;

a first output connection of the first track circuit card;

a second output connection of the second track circuit card;

a relay connected to the first track circuit card and the second track circuit card such that
the first output connection and the second output connection are in parallel, the relay also
connected to the track circuit, the standby logic coupled to the relay to control whether the
first output connection or the second output connection is connected through the relay to the

track circuit.

9. A track circuit system for use at a wayside location of a railway track, the track circuit
system comprising:
a coded track circuit;

a first track circuit card coupled to rails of the railway track and coupled to the coded
track circuit to detect an absence of a train on the railway track, inform signallers and control
relevant signals via track codes; and

a second track circuit card coupled to rails of the railway track and coupled to the
coded track circuit to provide a warm-standby or a hot-standby such that the second track
circuit card to take over control from the first track circuit card should the first track circuit

card fail.

10. The track circuit system of claim 9, wherein the second track circuit card is configured
to continually run checks to verify that the second track circuit card is ready to take over

control.

14
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11.  The track circuit system of claim 9, wherein the second track circuit card is insulated

from the rails of the railway track by means of an air-gap provided by a relay.

12.  The track circuit system of claim 9, wherein the first track circuit card transmits and
receives signals on the coded track circuit for the purposes of communicating with the second

track circuit card on the coded track circuit.

13.  The track circuit system of claim 9, wherein the first track circuit card determines a
presence of a train via a shunting action of train axles based on signal levels of signals

received from the railway track.

14.  The track circuit system of claim 9, wherein the second track circuit card to provide a

standby capability in an event the first track circuit card malfunctions.

15.  The track circuit system of claim 9, further comprising:

a first relay to interface the first track circuit card to the coded track circuit being
internal to the first track circuit card;

a second relay to interface the second track circuit card to the coded track circuit being

internal to the second track circuit card.

16.  The track circuit system of claim 9, further comprising:

a standby logic to control a standby capability to achieve redundancy;

a first output connection of the first track circuit card;

a second output connection of the second track circuit card;

a relay connected to the first track circuit card and the second track circuit card such that
the first output connection and the second output connection are in parallel, the relay also
connected to the track circuit, the standby logic coupled to the relay to control whether the
first output connection or the second output connection is connected through the relay to the

track circuit.

15
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17. A method of signaling control at a wayside location of a railway track, the method
comprising:

providing a coded track circuit;

providing a first track circuit card coupled to rails of the railway track and coupled to
the coded track circuit to detect an absence of a train on the railway track, inform signallers
and control relevant signals via track codes; and

providing a second track circuit card coupled to rails of the railway track and coupled
to the coded track circuit to provide a warm-standby or a hot-standby such that the second
track circuit card to take over control from the first track circuit card should the first track

circuit card fail.

18.  The method of claim 17, further comprising:
continually running checks to verify that the second track circuit card is ready to take

over control.
19.  The method of claim 17, further comprising:
insulating the second track circuit card from the rails of the railway track by means of
an air-gap provided by a relay.
20.  The method of claim 17, further comprising:

providing a standby capability by the second track circuit card in an event the first

track circuit card malfunctions.
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