07/075415 A1 |0 00O 0O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [.

52 IO O O O O

International Bureau

(43) International Publication Date
5 July 2007 (05.07.2007)

(10) International Publication Number

WO 2007/075415 Al

(51) International Patent Classification:
B61L 1/18 (2006.01) B61L 23/04 (2006.01)

(21) International Application Number:
PCT/US2006/047915

(22) International Filing Date:
14 December 2006 (14.12.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/318,970 27 December 2005 (27.12.2005) US

(71) Applicant (for all designated States except US): GEN-
ERAL ELECTRIC COMPANY [US/US]; (A New York
Corporation), 1 River Road, Schenectady, NY 12345 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ANDERSON, Todd,
Alan [US/US]; 802 Downing Street, Niskayuna, NY 12309
(US). WELLES, Kenneth, Brakeley, II [US/US]; 104
Hetcheltown Road, Scotia, NY 12302 (US).

(74) Agents: GNIBUS, Michael et al.; GENERAL ELECTRIC
COMPANY, Global Patent Operation, 187 Danbury Road,
Suite 204, Wilton, CT 06897 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
with international search report

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR DETECTING RAIL BREAK OR VEHICLE

42 -

10

OUTPUT| _5g 4

48

“|CONTROL UNIT

PROCESSOR| |- —

1

U 2.5 mites

30

10 miles

24

(57) Abstract: A rail break or vehicle detection system includes a plurality of voltage sources, each coupled to one of the plurality of
& zones. A plurality of resistors are provided, each coupled in series with one of the plurality of voltage sources. A plurality of current
sensors are provided, each coupled to one of the plurality of resistors and adapted to measure a first set of values and second set of
values indicative of current flowing through the resistor. At least one control unit is adapted to receive input from the plurality of
current sensors and to compare a difference between the second set of values and the first set of values to a predetermined threshold
limit to detect presence of a rail vehicle on the block. The control unit is further adapted to switch a polarity of each voltage source.



WO 2007/075415 A1 | NI DA 000 0 0000 000 00

—  before the expiration of the time limit for amending the  For two-letter codes and other abbreviations, refer to the "Guid-
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations” appearing at the begin-
amendments ning of each regular issue of the PCT Gagzette.



WO 2007/075415 PCT/US2006/047915

SYSTEM AND METHOD FOR DETECTING RAIL BREAK OR VEHICLE
BACKGROUND

The present invention relates generally to a rail break or vehicle detection system and,
more specifically, to a long-block multi-zone rail break or vehicle detection system,

and a method for detecting a rail break and/or vehicle using such a system.

A conventional railway system employs a rail track as a part of a signal transmission
path to detect existence of either a train or a rail break in a block section. In such a
method, the track is electrically divided into a plurality of sections, each having a
predetermined length. Each section forms a part of an electric circuit, and is referred
to as a track circuit. A transmitter device and a receiver device are arranged
respectively at either ends of the track circuit. The transmitter device transmits a
signal for detecting a train or rail break continuously or at variable intervals and the

receiver device receives the transmitted signal.

If a train or rail break is not present in the section formed by the track circuit, the
receiver receives the si gnal transmitted by the transmitter. If a train or rail break is
present, the receiver receives a modified signal transmitted by the transmitter, because
of the change in the electrical circuit formed by the track and break, or track and train.
In general, train presence modifies the track circuit through the addition of a shunt
resistance from rail to rail. Break presence modifies the circuit through the addition
of an increased resistance in the rail. Break or train detection is generally

accomplished through a comparison of the signal received with a threshold value.

Conventional track circuits are generally applied to blocks of about 2.5 miles in length
for detecting a train. In such a block, a train should exhibit a train shunt resistance of
0.06 ohms or less, and the ballast resistance or the resistance between the independent
rails will generally be greater than 3 ohms/1000 feet. As the block length becomes
longer, the overall resistance of a track circuit decreases due to the parallel addition of
ballast resistance between the rails. Through this addition of parallel current paths,

additional current flows through the ballast and ties and proportionally less through
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the receiver. Thus, the signal to noise ratio of the track circuits with train presence

becomes low.

In one example, fiber optic-based track circuits may be employed for longer blocks
(for example, greater than 3 miles) for detecting trains and rail breaks. However, cost
for implementing the fiber optic based track circuit is relatively higher and durability
may be lower. In yet another example, ballast resistance is increased and block length
of the track circuit may be increased accordingly. However, maintenance cost for

maintaining a relatively high ballast resistance is undesirably high.

An enhanced long block rail break or vehicle detection system and method is

desirable.

BRIEF DESCRIPTION

In accordance with one embodiment of the present invention, a method for detecting a
rail break in a block of a rail track includes applying a voltage across the block having
a plurality of zones via a plurality of voltage sources. A first set of values indicative
of current flow is measured. Each first value corresponds to one of the plurality of
zones. Polarity of each voltage source is switched. A second set of values indicative
of current flow is then measured. Each second value corresponds to one of the
plurality of zones. Variation between the first set of values and the second set of

values is monitored to detect presence of a rail break in the block.

In accordance with another embodiment of the present invention, a method for
detecting presence of a rail vehicle on a block of a rail track includes applying a
voltage across the block having a plurality of zones via a plurality of voltage sources.
A first set of values indicative of current flow is measured. Each first value
corresponds to one of the plurality of zones. Polarity of each voltage source is
switched. A second set of values indicative of current flow is then measured. Each

second value corresponds to one of the plurality of zones. A difference between the
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second set of values and the first set of values is compared to a predetermined

threshold limit to detect presence of a rail vehicle on the block.

In accordance with another embodiment of the present invention, a system for
detecting a rail break in a block of a rail track having a plurality of zone is provided.
The system includes a plurality of voltage sources, each coupled to one of the
plurality of zones. A plurality of resistors are provided, each coupled in series with
one of the plurality of voltage sources. A plurality of current sensors are provided,
each coupled to one of the plurality of resistors and adapted to measure a first set of
values and second set of values indicative of current flowing through the resistor. At
least one control unit is adapted to receive input from the plurality of current sensors
and to monitor variation between the first set of values and the second set of values to
detect presence of a rail break in the block. The control unit is further adapted to

switch polarity of each voltage source.

In accordance with another embodiment of the present invention, a system for
detecting a presence of a rail vehicle on a block of a rail track having a plurality of
zones is provided. The system includes a plurality of voltage sources, each coupled to
one of the plurality of zones. A plurality of resistors are provided, each coupled in
series with one of the plurality of voltage sources. A plurality of current sensors are
provided, each coupled to one of the plurality of resistors and adapted to measure a
first set of values and second set of values indicative of current flowing through the
resistor. At least one control unit is adapted to receive input from the plurality of
current sensors and to compare a difference between the second set of values and the
first set of values to a predetermined threshold limit to detect presence of a rail
vehicle on the block. The control unit is further adapted to switch polarity of each

voltage source.

DRAWINGS

These and other features, aspects, and advantages of the present invention will

become better understood when the following detailed description is read with
3
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reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

FIG. 1 is a block diagram of a rail break or vehicle detection system in accordance

with an exemplary embodiment of the present invention;

FIG. 2 is a table representing sequential switching of polarities of the voltage sources
positioned at intervals along a block section of a rail break or vehicle detection system

in accordance with aspects of FIG. 1; and

FIGS. 3 is a flow chart illustrating exemplary processes of detecting rail break or

vehicle in accordance with an exemplary embodiment of the present invention.
DETAILED DESCRIPTION

Referring generally to FIG. 1, in accordance with several embodiments of the present
invention, a rail break or vehicle detection system is illustrated, and represented
generally by the reference numeral 10. In the illustrated embodiment, the system 10
includes a railway track 12 having a left rail 14, a right rail 16, and a plurality of ties
18 extending between and generally transverse to the rails 14, 16. The ties 18 are
coupled to the rails 14, 16 and provide lateral support to the rails 14, 16 configured to

facilitate movement of vehicles, such a trains, trams, testing vehicles, or the like.

In the illustrated embodiment, a plurality of voltage sources 20 and resistors 22 are
provided at positions 11, 13, 15, 17, and 19 along a block section 24 formed between
two insulated joints 26, 28 of the railway track 10. Each voltage source 20 is coupled
in series with the corresponding resistor 22 and is provided between the rails 14, 16.
Resultantly, the block section 24 is divided into a plurality of zones 30, 32, 34, and
36. In the illustrated example, the block section 24 of the railway track 12 has a
length of about 10 miles. Each zone of the block section has a length of 2.5 miles.
Those of ordinary skill in the art, however, will appreciate that the specific length of
the block section 24 and the zones 30, 32, 34, and 36 are not an essential feature of
the present invention. Similarly, the number of zones, resistors, and voltage sources

are not an essential feature of the invention. Examples of voltage sources may

4
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include DC voltage source, AC voltage source, static voltage source, or the like. In
the illustrated embodiment, the voltage sources 20 are configured to apply voltage
across the block section 24 of the railway track 12. Each resistor 22 (e.g. 1 ohm
resistor) is configured to receive a current from the voltage applied by the voltage
sources 20. The current flowing through each resistor 22 represents total ballast

leakage current, when polarities of the voltage sources 20 are the same.

The system 10 further includes a plurality of current sensors 38, each current sensor
38 coupled in series with the corresponding resistor 22. The current sensors 38 are
configured to detect the current flowing through the resistors 22. In another
exemplary embodiment, the system 10 may include a plurality of voltage sensors,
each voltage sensor coupled across the corresponding resistor 22. As known to those
skilled in the art, current flowing through the resistor may be determined based on the
detected voltage and the resistance of the resistor. A control unit 42 is
communicatively coupled to the voltage sources 20, and the current sensors 38. In
one embodiment, the control unit 46 is adapted to receive input from the current
sensors 38 and monitor variation in current flow through each zone to detect a rail
break or presence of a rail vehicle on the block section 24 of the railway track 12. In
alternate exemplary embodiments, a plurality of control units may be used to receive
input from the current sensors 38 and monitor variation in current flow through each
zone to detect a rail break or presence of a rail vehicle on the block section 24 of the

railway track 12.

In the illustrated embodiment, the control unit 42 is configured to switch a polarity of
the plurality of voltage sources 20 sequentially from a first end 44 towards a second
end 46 of the block section 24. In another exemplary embodiment, the control unit 42
is configured to switch a polarity of the plurality of voltage sources 20 sequentially
from a second end 46 towards a first end 44 of the block section 24. In yet another
exemplary embodiment, the control unit 42 is configured to switch a polarity of the
plurality of voltage sources 20 randomly or in any predefined order. When the block
section 24 of the railway track 12 is unoccupied by the rail vehicle or a rail break is

not detected, a substantial increase in current is detected in a particular zone having

5
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voltage sources of mutually opposite polarities located respectively at either ends.
For example, if thé zone 30 has voltage sources of mutually opposite polarities at its
ends at a particular instant, a substantial increase in current is detected in the zone 30,
when the block section 24 of the railway track 12 is unoccupied by a rail vehicle or a
rail break is not detected. When the block section 24 of the railway track 12 is
occupied by wheels of a rail vehicle or a rail break is detected, a negligible increase in
current is detected in a particular zone having voltage sources of mutually opposite
polarities located respectively at either ends. For example, if the zone 30 has voltage
sources of mutually opposite polarities at its ends at a particular instant, a negligible
increase in current is detected in the zone 30, when the block section 24 of the railway

track 12 is occupied by the rail vehicle or a rail break is detected.

In another exemplary embodiment, the control unit 42 is adapted to detect presence of
a rail break or vehicle in the block section 24, when the increase in current of a
particular zone having mutually opposite polarities at its ends at a particular instant, is
less than a predetermined threshold limit. The predetermined threshold limit is
dependent on a variation in a ballast resistance value of the block. The control unit 42
is configured to monitor the variation in the ballast resistance value of the block
section 24 and then update the predetermined threshold limit based on the variation in
the ballast resistance value. Neural networks, classification algorithms or the like
may be used to differentiate between a rail break or a presence of a rail vehicle on the
block section 24 of the railway track 12. Differentiation between a break in the track
and the presence of a rail vehicle in accordance with aspects of the present invention

is described in further detail with respect to subsequent figures.

The control unit 42 includes a processor 48 having hardware circuitry and/or software
that facilitates the processing of signals from the current sensors 38 and the voltage
sources 20. As will be appreciated by those skilled in the art, the processor 48 may
include a microprocessor, a programmable logic controller, a logic module or the like.
As discussed previously, in the illustrated embodiment, the control unit 42 is adapted
to switch the polarity of the voltage sources 20 sequentially from the first end 44

towards the second end 46 of the block section 24 and vice versa (i.e. from the second

6
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end 46 to the first end 44) or randomly. The measurements of the current sensors 38

may be averaged to mitigate systematic and galvanic errors.

In certain embodim\ents, the control unit 42 may further include a database, and an
algorithm implemented as a computer program executed by the control unit computer
or the processor 48. The database may be configured to store predefined information
about the rail break or vehicle detection system 10 and rail vehicles. The database
may also include instruction sets, maps, lookup tables, variables or the like. Such
maps, lookup tables, and instruction sets, are operative to correlate characteristics of
current flowing through the plurality of zones to detect rail break or presence of a rail
vehicle. The database may also be configured to store actual sensed or detected
information pertaining to the current, voltage across the block section 28, polarities of
the voltage sources 20, ballast resistance values of the block section 28,
predetermined threshold limit for the increase in current, rail vehicles, and so forth.
The algorithm may facilitate the processing of sensed information pertaining to the
current, voltage, and rail vehicle. Any of the above mentioned parameters may be
selectively and/or dynamically adapted or altered relative to time. In one example,
the control unit 42 is configured to update the above-mentioned predetermined
threshold limit based on a ballast resistance value of the block section 24, since the
ballast resistance value varies due to changes in environmental conditions, such as
humidity, precipitations, or the like. The processor 48 transmits indication signals to
an output unit 50 via a wired connection port or a short range wireless link such as
infrared protocol, bluetooth protocol, 1.LE.E.E 802.11 wireless local area network or
the like. In general, the indication signal may provide a simple status output, or may
be used to activate or set a flag, such as an alert based on the detected current in the

plurality of zones of the block section 24,

Referring to FIG. 2, a table representing sequential switching of polarities of the
voltage sources 20 located at positions 11, 13, 15, 17, and 19 of the plurality of zones
30, 32, 34, 36 are illustrated in accordance with aspects of FIG. 1. In the illustrated
example, 10 tests are conducted for detecting rail break or vehicle presence in the

block section 24 of the railway track 12. Initially, all the voltage sensors 20 that apply

7
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voltages to the block section 24 have positive polarities as represented in row 52. The
polarities of the voltage sources 20 located at positions 19, 17, 15, 13, and 11 are
switched (i.e. to negative polarity) sequentially from the first end 44 to the second end
46 as represented by rows 54, 56, 58, 60, and 62. All the voltage sources have
negative polarities as represented by row 62. Again, the polarities of the voltage
sources 20 are switched (i.e. to positive polarity) sequentially switched from the first
end 44 to the second end 46 as represented by rows 64, 66, 68, and 70. The above-
mentioned order of switching polarity is merely an example, and in other exemplary
embodiments, the order of switching polarity may vary in a predefined order

depending on the requirement.

In the illustrated embodiment, for example in the first test, the current sensors 38
measures a first set of values indicative of current flowing through the resistors 22.
All the voltage sources have positive polarities. Then in the second test, the polarity
of the voltage source located at the position 19 is switched from positive to negative.
The current sensors 38 measure a second set of values indicative of current flowing
through the resistors 22. At the above-mentioned second test, the zone 36 has voltage
sources with mutually opposite polarities located at its either ends. The control unit
42 receives inputs from the plurality of current sensors 38 and monitors variation
between the first set of values and second set of values to detect train occupancy or
presence of rail break in the block section 24. If a train occupancy or rail break does
not exist, a substantial increase in current is detected in the zone 36. If a train
occupancy or rail break exist, a negligible increase in current is detected in the zone
36. In one embodiment, if the increase in current (i.e. difference between the first set
of values and the second set of values) in the zone 36 is less than a predetermined
threshold limit, existence of train occupancy or rail break is detected. The above-

mentioned process is repeated for each zone in the block section 24.

The control unit 42 is further configured to average the first set of values and the
second set of values of each zone having mutually opposite polarities at its ends to
mitigate systematic and galvanic errors. In one example, the current values of the

sensors 38 in test 1 represented by the row 52 (i.e. all pésitive polarities) and test 6
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represented by row 62 (i.e. all negative polarities) are averaged to mitigate systematic
and galvanic errors. In another example, the current values of the sensors 38 in test 2
represented by row 54 and test 7 represented by row 64 are averaged to mitigate

systematic and galvanic errors. Similarly, any number of examples is envisaged.

In accordance with aspects of the present invention, the zone length of each zone of
the block section is determined based on the resolution of the current sensors 38. As
discussed previously, when the block section of the railway track 12 is occupied by
" wheels of a rail vehicle or a rail break is detected, a negligible increase in current is
detected in a particular zone having voltage sources of mutually opposite polarities
located respectively at either ends. The current sensor in accordance with aspects of
the present invention, is capable of resolving changes in current measurements, when
a rail break or train presence is detected in the block section. The greater the zone

length, the changes in the current measurements becomes smaller.

FIG. 3 is a flow chart illustrating a method of detecting rail break or vehicle in
accordance with an exemplary embodiment of the present invention. The method
includes applying a voltage across the block section 24 of the railway track 12 via a
plurality of voltage sources 20 as represented by step 76. Each resistor 22 coupled in
series with the corresponding voltage source 20, receives a current from the voltage
applied by the voltage sources 20. The current flowing through each resistor 22
represents total ballast leakage current, when polarities of the voltage sources 20 are
the same. The current sensors 38 detect the current flowing through the resistors 22.
Initially, the current sensors 38 measures a first set of values indicative of current

flowing through each zone as represented by step 78.

The control unit 46 receives input from the current sensors 38 and monitors variation
of the current flow through each zone to detect a rail break or presence of a rail
vehicle on the block section 24 of the railway track 12. In the illustrated embodiment,
the control unit 42 switches a polarity of the plurality of voltage sources 20. In one
embodiment, the control unit 42 switches a polarity of the plurality of voltage sources
sequentially from a first end 44 towards a second end 46 of the block section 24 as
represented by step 80. In another exemplary embodiment, the control unit 42
9
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switches a polarity of the plurality of voltage sources 20 sequentially from a second
end 46 towards a first end 44 of the block section 24. In yet another embodiment, the
control unit 42 is configured to switch a polarity of the plurality of voltage sources 20
randomly or in a predefined order in the block section 24. Then the current sensors
measures a second set of values indicative of current flowing through the resistors 22

as represented by step 82.

The control unit 42 receives inputs from the plurality of current sensors 38 and
monitors variation between the first set of values and second set of values to detect
train occupancy or presence of rail break in the block section as represented by step
84. If a train occupancy or rail break does not exist, a substantial increase in current
is detected in the zone having voltage sources with mutually opposite polarities at its
ends. If a train occupancy or rail break exist, a negligible increase in current is
detected in the zone having voltage sources with mutually opposite polarities at its
ends. In one embodiment, if the increase in current (i.e. difference between the first
set of values and the second set of values) in the zone is less than a predetermined
threshold limit, existence of train occupancy or rail break is detected. The above-
mentioned process is repeated for each zone in the block section. The measurements

of the current sensors 38 are averaged to mitigate systematic and galvanic errors.

While only certain features of the invention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.

10
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CLAIMS:
1. A method for detecting a rail break in a block of a rail track, comprising:

applying a voltage across the block having a plurality of zones via a plurality of

voltage sources;

measuring a first set of values indicative of current flow, each of which corresponds

to one of the plurality of zones;
switching polarity of each voltage source;

measuring a second set of values indicative of current flow, each of which

corresponds to one of the plurality of zones; and

monitoring variation between the first set of values and the second set of values to

detect presence of a rail break in the block.

2, The method of claim 1, comprising measuring the first set of values and the
second set of values indicative of current flowing through a plurality of resistors, each

of which is coupled in series to the corresponding voltage source.

3. The method of claim 2, comprising measuring the first set of values and the

second set of values via a plurality of current sensors.

4. The method of claim 2, further comprising monitoring variation between the
first set of values and the second set of values indicative of current flowing through

the plurality of resistors to detect presence of a rail vehicle on the block.

5. The method of claim 1, comprising switching a polarity of each voltage source

sequentially from a first end to a second end of the block.

6. The method of claim 1, comprising switching a polarity of each voltage source

in a predefined order.

11
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7. The method of claim 1, further comprising detecting a rail break when a
difference between the second set of values and the first set of values indicative of
current flowing through the plurality of resistors is less than a predetermined
threshold limit.

8. The method of claim 7, further comprising updating the predetermined

threshold limit based on variation in a ballast resistance value of the block.

9. The method of claim 1, further comprising averaging the first set of values and

the second set of values to mitigate systematic and galvanic errors.

10. A method for detecting presence of a rail vehicle on a block of a rail track,

comprising:

applying a voltage across the block having a plurality of zones via a plurality of

voltage sources;

measuring a first set of values indicative of current flow, each of which corresponds

to one of the plurality of zones;
switching a polarity of each voltage source;

measuring a second set of values indicative of current flow, each of which
corresponds to one of the plurality of zones; and comparing a difference between the
second set of values and the first set of values to a predetermined threshold limit to

detect presence of a rail vehicle on the block.

11. The method of claim 10, comprising measuring the first set of values and the
second set of values indicative of current flowing through a plurality of resistors, each

of which is coupled in series to the corresponding voltage source.

12. The method of claim 11, comprising measuring the first set of values and the

second set of values via a plurality of current sensors.

12
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13. The method of claim 11, comprising detecting presence of a rail vehicle on the
block when the difference between the second set of values and the first set of values
indicative of current flowing through the plurality of resistors is less than the

predetermined threshold limit.

14. The method of claim 11, further comprising detecting a rail break in the block
when the difference between the second set of values and the first set of values
indicative of current flowing through the plurality of resistors is less than the

predetermined threshold limit.

15. The method of claim 11, further comprising updating the predetermined

threshold limit based on variation in a ballast resistance value of the block.

16. The method of claim 10, comprising switching a polarity of each voltage

source sequentially from a first end to a second end of the block.

17. © The method of claim 10, comprising switching a polarity of each voltage

source in a predefined order.

18.  The method of claim 10, further comprising averaging the first set of values

and the second set of values to mitigate systematic and galvanic errors.

19. A system for detecting a rail break in a block of a rail track, the block of the

rail track comprising a plurality of zones, the system comprising:
a plurality of voltage sources, each coupled to one of the plurality of zones;

a plurality of resistors, each coupled in series with one of the plurality of voltage

SQUrces;

a plurality of current sensors, each coupled to one of the plurality of resistors and
adapted to measure a first set of values and second set of values indicative of current

flowing through the resistor; and

at least one control unit adapted to receive input from the plurality of current sensors
and to monitor variation between the first set of values and the second set of values to
13
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detect presence of a rail break in the block, the control unit beiﬁg further adapted to

switch a polarity of each voltage source.

20. The system of claim 19, wherein the control unit is adapted to receive input
from the plurality of current sensors and to monitor variation between the first set of
values and the second set of values indicative of current flowing through the plurality

of resistors to detect presence of a rail vehicle on the block.

21. The system of claim 19, wherein the control unit is configured average the
first set of values and the second set of values to mitigate systematic and galvanic

CITOTS.

22. The system of claim 19, wherein the control unit is configured to detect a rail
break when the difference between the second set of values and the first set of values

is less than a predetermined threshold limit.

23. The system of claim 22, wherein the control unit is configured to update the
predetermined threshold limit based on variation in a ballast resistance value of the
block.

24. The system of claim 19, wherein the control unit is configured to switch a
polarity of each voltage source sequentially from a first end to a second end of the
block.

25. The system of claim 19, wherein the control unit is configured to switch a

polarity of each voltage source in a predefined order.

26. The system of claim 19, wherein a length of each zone of the block is

determined based on the resolution of the current sensor.

27. A system for detecting a presence of a rail vehicle on a block of a rail track,

the block of the rail track comprising a plurality of zones, the system comprising:

a plurality of voltage sources, each coupled to one of the plurality of zones;

14
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a plurality of resistors, each coupled in series with one of the plurality of voltage

sources,

a plurality of current sensors, each coupled to one of the plurality of resistors and
adapted to measure a first set of values and second set of values indicative of current

flowing through the resistor; and

at least one control unit adapted to receive input from the plurality of current sensors
and to compare a difference between the second set of values and the first set of
values to a predetermined threshold limit to detect presence of a rail vehicle on the
block, the control unit being further adapted to switch a polarity of each voltage

source.

28. The system of claim 27, wherein the control unit is adapted to receive input
from the plurality of current sensors and to compare a difference between the second
set of values and the first set of values indicative of current flowing through the
plurality of resistors to the predetermined threshold limit to detect rail break in the
block.

29. The system of claim 28, wherein the control unit is adapted to detect a rail
break in the block when the difference between the second set of values and the first
set of values indicative of current flowing through the plurality of resistors is less than

the predetermined threshold limit.

30. The system of claim 27, wherein the control unit is configured to average the
first set of values and the second set of values to mitigate systematic and galvanic

€Irors.

31. The system of claim 27, wherein the control unit is configured to detect
presence of a rail vehicle on the block when the difference between the second set of
values and the first set of values indicative of current flowing through the plurality of

resistors is less than the predetermined threshold limit.
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32. The system of claim 27, wherein the control unit is configured to update the
predetermined threshold limit based on variation in a ballast resistance value of the
block.

33.  The system of claim 27, wherein the control unit is configured to switch a

polarity of each voltage source sequentially from a first end to a second end of the
block.

34. The system of claim 27, wherein the control unit is configured to switch a

polarity of each voltage source in a predefined order.
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