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DESCRIPTION

MULTI-PURPOSE APPARATUS FOR DETECTING AND LOCATING
LEAKS OF LIQUID.

TECHNICAL FIELD

[0001] The present invention relates to a system for detecting leaks of liquid. It

also relates to a method for detecting leaks of liquid.

PRIOR ART

[0002] To detect liquid leaks over long distances, such as oil or water pipelines,
or over large surfaces, such as industrial premises or computer rooms, it is known

to install linear sensors connected together in series to form a sensing line.

[0003] In such a sensing line, each sensor comprises an elongated portion
which includes, along all or part of its length, means sensitive to the liquid(s)
to be sensed. The sensors also comprise a communication bus in their
elongated part, which are connected together to form a query bus running the
entire length of the sensing line. The end of the sensing line is connected to a

central management unit.

[0004] Such a sensing line, in a hydrocarbon-sensitive version, is disclosed in
document EP3066443. Other sensing modes are known, for example with
sensitivity to conductive liquids such as water, as disclosed in documents
FR2773613 and EP09306176.

[0005] It is still desirable to improve these types of detectors and installations,
particularly in terms of reliability, cost and performance, to enable them to
cover larger, more varied areas, in a way that is more flexible to install,

maintain, manage or replace.
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[0006] One aim of the invention is to compensate in whole or in part for the
disadvantages of the state of the art, in particular by improving their
performance on these different points or the compromises between these

different performances.

DISCLOSURE OF THE INVENTION

[0007] This objective is achieved with a system for detecting leaks of liquid,
comprising a central management unit and a plurality of linear sensors each
comprising a first end and a second end and which are connected to one

another in series.

[0008] According to the invention, the plurality of linear sensors, connected
together, form a linear query bus having a first and a second end, said linear query

bus being connected to the central management unit by at least one of its ends.

[0009] The central management unit is designed to, the at least one end of the
linear query bus:

- send at least one query signal via the linear query bus and receive at least
one response signal from the plurality of linear sensors via said end,
communication between the linear query bus and the central management unit

being two-way in such a case.

[0010] The system for detecting leaks of liquid may comprise multiple central
units, said central units being connected to one another via a wireless network

(e.g. WiFi) or via a wired connection (e.g. Ethernet or Modbus).

[0011] The advantage of this system is that communication between the linear
guery bus and the central management unit is two-way. "Two-way" means that
the query signals and response signals are received by the same end of said

linear query bus, for both ends of said linear query bus. The central
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management unit sends query signals to both ends of the linear query bus,
one end at a time. This is because the central management unit waits to
receive response signals from the first end of the linear query bus before

sending query signals to the second end of the linear query bus.

[0012] Communication between the central management unit and the linear
guery bus is advantageously achieved via a communication element
comprised within each linear sensor. The communication element comprises
at least one electronic communication module and one or more linear sensors,

with the linear sensors connected together to form a communication bus.

[0013] The linear query bus can also form a sensing line which can be

functionally connected to said central management unit directly or indirectly.

[0014] The system can also comprise at least one accessory corresponding to

a branch and/or a terminator and/or a neutral cable.

[0015] "Branch” refers to an element that allows the addition of at least one

second element, typically a linear sensor.

[0016] "Terminator” refers to an end-of-line element indicating the end of a
series wiring of linear sensors, in order to distinguish a linear sensor break or

discontinuity.

[0017] "Neutral cable" refers to a cable that connects two remote

sensors/branches without adding functionality.

[0018] "Element"” refers to either a branch, a terminator or a neutral cable.

Accessories are not limited to the above list.

[0019] There are several types of branch, such as a straight branch, a loop

branch and/or a length branch.
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[0020] "Straight branch” refers to a branch that allows the addition of branched

linear sensors and accessories in series without return.

[0021] "Loop branch” refers to a branch that allows the addition of branched

linear sensors and/or accessories to the loop (wiring with return to the branch).

[0022] "Length branch" refers to a branch that allows the addition of a branched
linear sensor of any length in series without return. This accessory makes it
possible to integrate linear sensors with undefined feed lengths into the
system. The branch then measures the length of the linear sensor. The branch

sends the information back to the central unit.

[0023] These accessories can be used to create unigue systems or networks
adapted to the sensing zone. The network can then be modulated according

to need.

[0024] The linear query bus can be connected at both ends to the central

management unit.

[0025] The central management unit can also be arranged to compare at least
a first series of response signals obtained by the first end of the linear query
bus with:

¢ a second series of response signals obtained by the second end of the linear
guery bus,

¢ a list of data characterizing the plurality of linear sensors, said list being
stored by said central management unit,

the central management unit by deducing the presence or absence of a break

in one of the linear sensors on the linear query bus.
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[0026] The advantage of this system is then to define via the communication
between the linear query bus and the central management unit whether one of
the linear sensors of said linear query bus has a break or not. This break is
identified by the central management unit by comparing the response signals

received by each end of the linear query bus.

[0027] Advantageously, the response signals comprise a unique identifier
enabling the central management unit to identify each sensor and/or accessory
and thus determine which linear sensor is broken or not. The response signals

can also include data characterizing each linear sensor and/or accessory.

[0028] The central management unit can be arranged to compare a first series
of response signals obtained comprising data from a first end of said linear
guery bus and/or accessories with:

- a list of data that characterize the plurality of linear sensors and/or
accessories stored by said central management unit, and/or

- a second series of response signals obtained by the second end of the linear
qguery bus, comprising data that characterize said linear sensors and/or

accessories.

[0029] A position of said break of one of the linear sensors of the linear query
bus can be defined by the central management unit if it deduces the presence
of a break in one of the linear sensors of the linear query bus depending on

the first and second series of response signals received.

[0030] In fact, depending on the data comprised in a response signal sent by
a linear sensor and/or a branch to the central management unit, the central
management unit is arranged to define the position of the break within the
linear query bus. The central management unit compares the response signals

received by each end of the linear query bus to define the position of the break.
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[0031] The system may also comprise at least two branches, the at least two
branches being connected on the linear query bus, a second linear query bus
being formed by a second plurality of linear sensors connected in series with
each other, said second linear query bus having a first and a second end and

being connected to the at least two branches at both its ends.

[0032] For each end of the second linear query bus, each branch can be
arranged to:

- send at least one query signal via the second linear query bus and receive at
least one response signal from the second plurality of linear sensors via said
end,

each branch also being arranged to transmit the at least one response signal
received from the second plurality of linear sensors to the central management

unit via the linear query bus.

[0033] The at least one response signal may also comprise data corresponding
to the branch or to any other accessory present in the system.

[0034] The number of branches is non-limiting. It is assumed here that the
linear query bus corresponds to a rank-one loop. When branches are
integrated into this rank-one loop, the second linear query bus connected to
said branches forms a rank-two loop. Multiple rank-two loops can be integrated

onto a rank-one loop.

[0035] Here, each branch plays the same role as the central management unit.

[0036] The advantage of the branch is that it is configured to transmit the data
received from the higher-ranking loop(s) to the lower-ranking structure(s) or
directly to the central management unit, as well as the data relating thereto.
The branch then sends the response signals from the second query bus and
its response signal through the linear query bus, that is, the rank-one loop, so
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that said response signals reach the end of the central management unit that

sent the query signal.

[0037] A rank-two loop may also be carried by a single line of linear sensors
which is connected to and queried by the central management unit at only

one of its ends.

[0038] In the case of a single line, the central management unit does not
compare response signals to determine whether or not there is a break in the
line. The central management unit is able to determine from which linear
sensor there is an interruption, as the response signals stop at the last

functional linear sensor.

[0039] "Functional linear sensor" means a sensor that is supplied with power
from its first end to its second end without interruption. A linear sensor with a
break and/or interruption can be supplied with power from only one end. In this
case, the powered end can send a reply signal in response to the query signal.
The user can then determine which linear sensor has suffered a break and/or

interruption and/or damage, for example.

[0040] The at least one accessory of the system can be arranged to transmit
at least one response signal further comprising an item of data specific to

said accessory.

[0041] Each linear sensor may comprise a liquid-sensitive sensing member, said

sensing member having a change in resistivity when in contact with said liquid.

[0042] When sensing a conductive liquid, such as water/basic acid, the
resistivity of the sensing member decreases on contact with said liquid. When
sensing a non-conductive liquid such as a hydrocarbon or solvent, for example,

the resistivity of the sensing member increases on contact with said liquid.
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[0043] Linear return conductors can typically correspond to a measurement

return wire and a continuity wire.

[0044] The plurality of linear sensors of the linear query bus may correspond
to a plurality of linear sensors sensitive to conductive liquids and/or sensitive

to non-conductive liquids and/or sensitive to hydrocarbons.

[0045] The same applies to the second linear query bus. The types of linear
sensors can be mixed and matched to suit the installation area and detection

requirements.

[0046] Depending on the data comprised in a response signal sent by a linear
sensor and/or an accessory to the central management unit, the central
management unit is arranged to define the position of the fluid detection by a
linear sensor within the linear query bus. The central management unit
compares the response signals received by each end of the linear query bus

and/or by each accessory to define the position of the sensor in question.

[0047]In yet another aspect of the invention, a method is proposed for
detecting leaks of liquid within a system, the system comprising a central
management unit and a plurality of linear sensors, each comprising a first end

and a second end and which are connected to one another in series.

[0048] According to the invention, the plurality of linear sensors, connected
together, form a linear query bus having a first and a second end, said linear query
bus being connected to the central management unit by at least one of its ends,
for the at least one end of the linear query bus, the method comprising the
following steps:

- sending at least one query signal via the linear query bus and receiving at
least one response signal from the plurality of linear sensors via said end,

the communication of the first linear query bus through the plurality of linear

sensors is two-way in such a case.
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[0049] The linear query bus can be connected at both ends.

[0050] The method may further comprise the following steps:

- comparison by the central management unit of at least a first series of
response signals obtained by the first end of the first linear query bus with:

¢ a second series of responses obtained from the plurality of linear sensors via
the second end of the first linear query bus, and/or,

¢ a list of data characterizing the plurality of linear sensors, said list being
stored by said central management unit,

- deduction by the central management unit of the presence or absence of a

break in the first linear query bus.

[0051] The system may further comprise at least one accessory corresponding
to a branch and/or a terminator and/or a neutral cable, the method may equally
comprise the following steps:

- comparison by the central management unit of at least one first series of
response signals obtained comprising data from a first end of said linear query
bus and/or accessories with:

ea list of data that characterize the plurality of linear sensors and/or
accessories stored by said central management unit, and/or

¢ a second series of response signals obtained by the second end of the linear
query bus, comprising data that characterize said linear sensors and/or

accessories.

[0052] The method may further comprise the following step:

- determination of a position of said break of one of the linear sensors of the
linear query bus by the central management unit, if the central management unit
deduces the presence of a break in one of the linear sensors of the linear query

bus depending on the first and second series of response signals received.
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[0053] The system may also comprise at least two branches, the at least two
branches being connected to the linear query bus, a second linear query bus
being formed by a second plurality of linear sensors connected in series with
each other, said second linear query bus having a first and a second end and
being connected to the at least two branches at both its ends,

for each end of the second linear query bus and for each branch, the method
may comprise the following steps:

- sending at least one query signal via the second linear query bus and
receiving at least one response signal from the second plurality of linear
sensors via said end,

- transmitting the at least one response signal received from the second plurality

of linear sensors to the central management unit via the linear query bus.

[0054] The method may further comprise the following step:
- transmitting at least one response signal also comprising an item of data

specific to said accessory, by said accessory.

[0055] According to another aspect of the invention, also proposed is a
computer program comprising instructions which, when the program is
executed by a computer, cause the latter to implement the steps of the method

according to the invention.

DESCRIPTION OF THE FIGURES AND EMBODIMENTS

[0056] Other benefits and features shall become evident upon examining the
detailed description of entirely non-limiting embodiments and implementations,
and from the following enclosed drawings:

[Fig. 1]: Fig. 1 is a symbolic diagram showing an example of a detection
element of a linear sensor for use in the context of the invention, here of the

water/acid detection type;
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[Fig. 2]: Fig. 2 is a symbolic diagram showing an example of a linear sensor
for use in the context of the invention, and including a detection element from
Fig. 1, of the same type or operating according to a different detection mode;
[Fig. 3]: Fig. 3 is a symbolic diagram showing an example of a sensing line,
including the linear sensor of Fig. 2, here connected in a single line and without
a downstream circuit;

[Fig. 4]: Fig. 4 is a symbolic diagram showing a first example of one
embodiment of the invention, using, for example, linear sensors such as the
one shown in Fig. 2, forming a single loop;

[Fig. 5]: Fig. 5 is a symbolic diagram showing a second example of one
embodiment of the invention, wherein the loop of Fig. 4 comprises branch
nodes carrying two secondary loops;

[Fig. 6]: Fig. 6 is a symbolic diagram showing a third example of an embodiment
of the invention, wherein the secondary loops of Fig. 5 themselves carry
downstream circuits, comprising a rank-three loop and two rank-three single lines,

one of which itself carries downstream two rank-four loops.

[0057] Fig. 1 and Fig. 2 show an example construction of a linear sensor for

use in the context of the invention.

[0058] However, other types of linear sensors connected in series can be used
within the scope of the invention, with all types of sensing modes, and all types

of communication and/or power bus.

[0059] Different linear sensors can also be used together within the scope of
the invention, provided that their communication buses are compatible with

one another and with the central management unit.

[0060] In this example, each linear sensor comprises a sensing element 200,
shown in Fig. 1. This sensing element comprises a management module 210,
which is connected to the proximal end of a sensing member 208 elongated

along the entire length of the linear sensor 500. This sensing member 208
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forms a bundle comprising two metallic conductors 106 and 110 and two
sensing conductors 114, which are electrically connected together at the
opposite end, called the distal end. This sensing element can be used for
water/acid base detection, for example. In other types of detection, such as

hydrocarbon detection, the sensing element is different.

[0061] As shown in Fig. 2, in addition to the sensing element 200, the linear
sensor 500 comprises a communication element which includes, on one hand,
at least a communication conductor 416 and two power conductors 424
running along the entire length of the linear sensor 500. At the end of the linear
sensor 500, a connector 430 encloses the electronic management module
210. It further comprises a communication module 410 and a power module
420, which are connected to the communication 416 and power 424
conductors, forming a powered communication bus therewith. This powered
communication bus comprises two 416 communication conductors (one of
which is shown here in dotted lines and the other is not), each of which is used
for communication in both directions.

[0062] Each linear sensor 500 carries a connector 440 at its distal end. This
comprises connection ports 444 and 446, enabling the distal end of its power
424 and communication 416 conductors, respectively, to be connected to the
proximal end of another linear sensor of the same type. The positions of the
connectors 430 and 440 are not limiting. In some embodiments, the connector
440 is positioned on the proximal end of the linear sensor 500 and the

connector 430 on the distal end of the linear sensor 500, for example.

[0063] According to Figures 2 and 3, in each linear sensor, the communication
module 410 receives the query signal from the upstream central management
unit via a communication port 436 on its proximal connector 430. It then
gueries its management module 210 to find out if a break has occurred. It
sends this response signal upstream to the central management unit, and

transmits a query signal to the next linear sensor. When it receives a response
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signal from one of the following linear sensors downstream, it transmits it

upstream to the central management unit.

[0064] The central unit thus queries all the sensors on the sensing line, and
receives the response signals from all of them via its communication port or

query port 51.

[0065] As also shown in Fig. 3, multiple sensors 500(1) to 500(n) of this type can
be connected in series to form a sensing line L1. In this example, the sensing line
L1 is connected at its proximal end 430(1) to a communication port 51 on the

central management unit 5, and receives a terminator L1T at its distal end 440n.

[0066] In this configuration, referred to here as "single line", the central
management unit 5 sends a query signal to all the linear sensors in the single line,
as well as to the accessories (in this case the terminator), which is received by
each communication module 410 of each proximal connector and by each
accessory. If no break exists on the single line, all linear sensors and accessories
respond to the query signal by sending a response signal to the central
management unit. If there is a break in the single line, all properly powered linear

sensors respond to the query signal sent by the central management unit.

[0067]If, for example, there is a break on sensor 500(7), all the linear sensors
positioned before said linear sensor 500(7) respond to the query signal from
the central management unit. If the sensor 500(7) is powered at its distal end
430(7), then said linear sensor 500(7) also responds to the query signal. No
response signal can be sent by the linear sensors following said linear sensor
500(7). The central management unit then determines that the break is

located on linear sensor 500(7).

[0068] It should be noted that the linear sensors shown here by way of example
carry their electronic modules at one end. But their structure can also be

different or even varied, for example with electronics in the middle of the length,
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or at both ends. The sensing conductors 114 are shown here by way of
example as present along the entire length of the linear sensor, but they may
also have a different or even varied shape or distribution, without going beyond

the scope of the invention.

[0069] Fig. 4 shows a first example of the invention, wherein a set of sensors 5001
to 5006 (here six by way of example, but this number is not limited) are connected
together in series, to form a loop, here called a single loop, which is connected at
both its ends 4301 and 4406 to the central management unit 8. This loop

corresponds to a level one loop. This loop also forms a linear query bus.

[0070] This loop uses, for example, linear sensors such as the one shown in
Fig. 2, without this being in any way limiting with respect to the types of linear

sensors that can be used.

[0071] The central management unit 8 carries a first query or communication
port 81 and a second query or communication port 82. The first linear sensor
5001 of the linear query bus is connected to the first query port 81 via its
proximal connector 4301. The last linear sensor 5006 is connected by its distal

connector 4406 to the second query port 82.

[0072] The first query port 81 of the central management unit 8 queries all the
linear sensors in the loop B1 by transmitting a first query signal E1. It receives a
first series of response signals R1 sent back by all the linear sensors, in
response to this first query signal E1. Once all the response signals have been
received by the query port 81, the second query port 82 of the central
management unit 8 also queries all the sensors in the loop B1, transmitting a
second query signal E2. It receives a second series of response signals R2 sent

back by all the linear sensors in the loop B1, in response to this query signal E2.

[0073] The query signals E1, E2 and response signals R1, R2 are transmitted

by each of the linear sensors in the loop B1 independently of one another. The
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loop B1 is traversed by two queries/answers: E1-R1 on the one hand, and E2-
R2 on the other.

[0074] The central management unit 8 then compares the response signals
from both ends. If no break or fault is present on the linear query bus, the

central unit finds no difference when comparing response signals.

[0075] In the event of a break 900 or a failure on one of the linear sensors (here
5002) of the linear query bus, the linear sensor in question 5002 is able to respond
either upstream or downstream, its management module remaining supplied by
the upstream or downstream side of the loop (case of a single break). The first
guery port 81 therefore receives a response signal from upstream linear sensors,
in this case the response signal from the linear sensor 5001 and, if the linear
sensor 5002 is supplied from upstream in the direction of query E1, the response
signal from the linear sensor 5002. The subsequent ones do not receive the first
guery signal E1, and cannot respond to it. Once all the response signals have
been received by the query port 81, the second query port 82 queries the linear
sensors of the linear query bus from the other end of the loop B1, and receives
the response signals from the linear sensors which are upstream of the
break/failure 900 with respect to the direction of the query signal E2. It therefore
receives response signals from all the other linear sensors 5006, 5005, 5004 and
5003 in the same loop B1. And if the linear sensor 5002 is supplied from upstream
in the query direction E2, the response signal from the linear sensor 5002. The
power bus is configured so that each module 4301 to 4306 is supplied from both

upstream and downstream.

[0076] Thus, in contrast to the embodiment of Fig. 3, the central management
unit 8, which queries the linear query bus it sees downstream, receives

response signals from all the linear sensors still in operation.

[0077] Additionally, the dual query bus E1-R1 (solid arrows) and E2-R2 (hollow

arrows) is organized so that the central management unit 8 can identify the
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linear sensor at the origin of each response. For example, whatever the query
signal E1 or E2 that the central management unit receives, the communication
modules of the linear sensors 5001 to 5006 are arranged to transmit their
response signals with at least one identification datum, which enables the

central unit 8 to identify the sensor at the origin of each response.

[0078] In the event of a break or failure, for example deduced by the central
management unit 8 from the fact that it is not receiving enough response signals
or that it is receiving only one from each linear sensor instead of two, the central
management unit 8 will identify which response signals are arriving via each of
its query ports 81 and 82. In the example of break 900 in Fig. 4, the first query
port 81 receives the response signal from the first linear sensor 5001, and if the
linear sensor 5002 is powered from upstream in the query direction E1, the
response signal from the linear sensor 5002. The second query port 82 receives
the response signals from the linear sensors 5003 to 5006 and, if the linear
sensor 5002 is powered from upstream in the query direction E2, the response
signal from the linear sensor 5002. The central management unit 8 compares
the response signals received by each query port of the central management
unit and deduces that the faulty linear sensor is the linear sensor located
between the last linear sensor of the first bus E1-R1 and the last linear sensor
of the second bus E2-R2, and is therefore the linear sensor 5002. In the event
of multiple breaks or faults, the central management unit 8 determines which

part of the loop B1 is not responding on the same principle.

[0079] Fig. 5 shows a second example embodiment of the invention, which will

only be described in terms of its differences.

[0080] In this example, the linear query bus connected to the central
management unit 8 via its two query or communication ports 81, 82 comprises
three branch accessories B1N2, BIN3 and BI1N6, which receive two

secondary loops.
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[0081] These branches B1N2, B1IN3 and B1IN6 are formed by a branch
electronic module, which is arranged to receive a connection of one or more

linear sensors, potentially of the same type but not necessarily.

[0082] In this example, each of these branches is connected to one of the ends
of a linear sensor. The connector 4302 thus is connected to a branch B1N2, the
connector 4303 to a branch B1IN3, and the connector 4306 to a branch B1NG6.

[0083] Within a linear sensor, each of the branch module(s) is functionally
connected to the communication module 410, which transmits to it the query
signals E1, E2 it receives, in addition to transmitting them to the adjacent linear
sensor. The branch module is arranged to transmit the query signal to a

branched linear sensor via a junction box.

[0084] In this way, the linear query bus (referred to as the rank-one loop or loop
B1) carries a so-called simple branch B1NZ2, fitted with a junction box 821 to
which one of the ends of a second linear query bus (referred to as the rank-
two loop or loop B2) is connected. The primary loop B1 also carries a second
single branch B1N3, fitted with a second junction box 822 to which the second
end of the secondary loop B2 is connected. Each network branch and/or
accessory sends a response signal comprising data specific to said branch
and/or accessory at the same time as it transfers response signals from the

second linear query bus to the central management unit.

[0085] Through this junction box 821, the branch module of branch B1N2
echoes, in the form of first query signals E21 in loop B2, the first query signals
E1 received in the connector 4302 and sent by the query port 81. The branch
B1N2 is also designed to receive, via its junction box 821, response signals
R21 sent by the linear sensors of the loop B2 in response to the query signals
E21, and to pass them on in the primary loop B1 in the form of response signals
R1. The response signals R21 are transmitted to the query port 81 of the

central management unit that transmitted the query signals.
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[0086] Through this junction box 822, the branch module of branch B1N3
echoes, in the form of first query signals E22 in loop B2, the first query signals
E2 received in the connector 4303 and sent by the query port 82. The branch
B1N3 is also designed to receive, via its junction box 822, response signals
R22 sent by the linear sensors of the loop B2 in response to the query signals
E22, and to pass them on in the primary loop B1 in the form of response signals
R2. The response signals R22 are transmitted to the query port 82 of the

central management unit that transmitted the query signals.

[0087] This primary loop B1 also carries a third, so-called double, branch
B1NG6. The latter operates in the same way as the single branches, with the
difference that it combines and manages both a first junction box 831 and a
second junction box 832, to which the two ends of a second secondary loop
B3 (also of rank two) are connected. Each of these junction boxes 831, 832
transmits first and second query signals E31 and E32, and receives first and

second response signals R31 and R32.

[0088] As can be seen, the first and second junction boxes of said branch
B1N6 of the loop B1 are viewed by the loops B2, B3 in a similar way to the

guery ports 81, 82 of the central management unit 8.

[0089] The branch B1NG6 is therefore designed to receive, via its junction box
831, response signals R31 sent by the linear sensors of the loop B3 in response
to the query signals E31, and to pass them on in the primary loop B1 in the form
of response signals R1. The response signals R31 are transmitted to the query

port 81 of the central management unit that transmitted the query signals.

[0090] The branch B1N6 is also designed to receive, via its junction box 822,
response signals R32 sent by the linear sensors of the loop B3 in response to

the query signals E32, and to pass them on in the primary loop B1 in the form
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of response signals R1. The response signals R32 are transmitted to the query
port 82 of the central management unit that transmitted the query signals.

[0091] This means that numerous topologies can be created, combining loops
of different ranks, in a highly flexible way, both in terms of the areas to be
monitored and in terms of installation modifications during its lifetime. These
advantages are achieved while benefiting from the redundancy and fault
localization afforded by the individual operation of each loop, all of whose
information is ultimately fed back to the central management unit 8. This is
because failure or rupture detection works on the principle presented in the
embodiment of Figure 4. If, for example, a break is detected in the secondary
loop B3, it will be located through the responses to the various queries sent by

the central management unit 8.

[0092] Fig. 6 shows a third example embodiment of the invention, which will

only be described in terms of its differences.

[0093] In this example, the secondary loop B2 itself carries another level-three
loop B22, referred to as rank-three, at a double branch node B2N4, which
operates in the same way in relation to its upstream loop B2 as the latter does

in relation to its own upstream loop B1.

[0094] This secondary loop B2 also carries a sensing line L21 on a single
branch B2N3. This takes the form of a single line, terminated by a terminator

L21T, for example as shown in Fig. 3.

[0095] The other secondary loop B3 itself carries two sensing lines L31 and
L32, also referred to as rank-three. The sensing line L32 is a single line
comprising a terminator L32T as shown in Figure 3. The other sensing line L31
is also referred to here as a single line, because it is connected to just one
branch port B3N3 of loop B3.
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[0096] At its downstream end, however, this single sensing line L31 on the loop
B3 carries a double branch L31N4, to which the two ends of a rank-four loop
B312 are connected, and which operates in a similar way to loops B3 and B22.
This single sensing line L31 of the loop B3 also carries two single branches
L31N2 and L31N3, to which another loop B311 is connected.

[0097] As you can see, each of the higher-ranking structures, whether loop or
single line, receives query signals from its lower-ranking structure and passes
them on to its next-higher-ranking structure(s), and so on down the line. In the
reverse direction, it receives the corresponding response signals from its
higher-ranking structure(s) and passes them on to its lower-ranking structure,
and so on until these responses reach the central management unit 8. Note
that the "ranks" here are defined in ascending order from the central

management unit 8.

[0098] In the case of a lower-ranking structure formed by a single sensing line,
such as the rank-three single sensing line L31, its branches (single or double)
are arranged to transmit query signals to the higher-ranking structure in
duplicate when connected to a loop, such as the double branch L31N4 which
carries the rank-four loop B312. In a similar way, the single branches L31N2
and L31N3 are arranged to receive the query signals that travel along the
single sensing line L31, and transmit it to the higher-ranking structure in a split

fashion at the two ends of the rank-four loop B311.

[0099] Failure or rupture detection works on the principle presented in the
embodiment of Figure 4. If, for example, a break is detected in the secondary
loop B3, it will be located through the response signals in response to the

various query signals sent by the central management unit 8.

[0100] This shows that topologies can be further varied, for example by mixing

loops and single lines within a single facility managed by a single central
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management unit. This makes it easier to adapt the facility to the shape of the

area to be monitored, and also to limit the cost and complexity of facilities.

[0101] In Fig. 6, note that the central management unit 8 (dotted line) is made
up of two sub-units 8A and 8B, each carrying a first and second query or
communication port 81, 82. These two sub-units are linked together and/or
with a central unit 80, for example via a digital network of a known type, through
which the two sub-units transmit their information and/or synchronizations. It
is thus possible to create a primary loop B1 whose two ends are more or less
distant from each other, while retaining the redundancy and fault location

specific to the detection loop.

[0102] These embodiments are in no way limiting, and in particular, it is
possible to consider variants of the invention that comprise only a selection of
the features disclosed hereinafter in isolation from the other features disclosed
(even if that selection is isolated within a phrase comprising other features), if
this selection of features is sufficient to confer a technical benefit or to
differentiate the invention with respect to the prior state of the art. This selection
comprises at least one preferably functional feature which lacks structural
details, and/or only has a portion of the structural details if that portion is only
sufficient to confer a technical benefit or to differentiate the invention with

respect to the prior state of the art.

[0103] Typically at least one of the means of the system according to the
invention previously described, preferably each of the means of the system

according to the invention previously described are technical means.

[0104] Typically, each means of the system according to the invention
previously disclosed comprises at least one computer, a central processing or
computing unit, an analog electronic circuit (preferably dedicated), a digital
electronic circuit (preferably dedicated), and/or a microprocessor (preferably

dedicated), and/or software means.
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[0105] Of course, the invention is not limited to the examples just described,
and many adjustments can be made to these examples without going beyond

the scope of the invention.

[0106] Of course, the various features, forms, variants and embodiments of the
invention may be combined with each other in various combinations as long
as they are not incompatible or exclusive of each other. In particular, all the

variants and embodiments described above can be combined with each other.
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Claims

CLAIMS

1. A system for detecting leaks of liquid, comprising a central management
unit (8) and a plurality of linear sensors (500) each comprising a first end and
a second end and which are connected to one another in series,

the plurality of linear sensors (5001 to 5006), connected together, form
a linear query bus having a first and a second end,

the central management unit is designed to:

- send at least one query signal (E1, E2) and receive at least one
response signal (R1, R2) from the plurality of linear sensors (5001 to 5006) via
the first or the second end of the linear query bus, the at least one response
signal comprises a first series of response signals and/or a second series of
response signals;

communication between the linear query bus and the central
management unit being two-way in such a case,
characterized in that the linear query bus is connected by the first and the
second end of the linear query bus (51, 52) to the central management unit,
and in that the central management unit is also arranged to compare the first
series of response signals obtained by the first end of the linear query bus with:

e the second series of response signals obtained by the second end of
the linear query bus, and/or,

¢ a list of data characterizing the plurality of linear sensors, said list
being stored by said central management unit,

the central management unit is configured to deduce a presence or an
absence of a break in one of the linear sensors on the linear query bus from

the comparison.

2. The system according to any of the preceding claims, characterized in
that the system comprises at least one accessory corresponds to a branch

and/or a terminator and/or a neutral cable.
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3. The system according to claim 2, characterized in that the central
management unit is arranged to compare the first series of response signals
obtained comprising data from the first end of said linear query bus and/or
accessories with:

- the list of data that characterize the plurality of linear sensors and/or
accessories stored by said central management unit, and/or

- the second series of response signals obtained by the second end of
the linear query bus, comprising data that characterize said linear sensors

and/or accessories.

4, The system according to claim 1, characterized in that a position of said
break of one of the linear sensors of the linear query bus is defined by the
central management unit, if the central management unit deduces the
presence of a break in one of the linear sensors of the linear query bus

depending on the first and second series of response signals received.

5. The system according to any one of claims 2 to 4, characterized in that
the system further comprises at least two branches (B1N2, BIN3, B1NG6), the
at least two branches (B1N2, BIN3, B1NG6) being connected to the linear query
bus, a second linear query bus (B2, B3) being formed by a second plurality of
linear sensors connected in series with each other, said second linear query
bus having a first and a second end and being connected to the at least two
branches (B1N2, B1IN3, B1NG6) at both its ends,

for each end of the second linear query bus, each branch is arranged to:

- send at least one query signal (E1, E2) via the second linear query
bus and receive at least one response signal (R1, R2) from the second plurality
of linear sensors via said end,

each branch also being arranged to transmit the at least one response
signal received from the second plurality of linear sensors to the central

management unit (8) via the linear query bus (B1).
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6. The system according to claim 2 and any one of claims 3 to 5,
characterized in that the at least one accessory of the system is arranged to
transmit at least one response signal further comprising an item of data specific

to said accessory.

7. The system according to any of the preceding claims, characterized in
that each linear sensor comprises a sensing member (208) sensitive to
liquids, said sensing member having a change in resistivity when in contact

with said liquid.

8. The system according to any of the preceding claims, characterized in
that the plurality of linear sensors of the linear query bus corresponds to a
plurality of linear sensors sensitive to conductive liquids and/or sensitive to

non-conductive liquids and/or sensitive to hydrocarbons.

9. A method for detecting leaks of liquid in a system, the system
comprising a central management unit (8) and a plurality of linear sensors
(500) each comprising a first end and a second end and which are connected
to one another in series,

the plurality of linear sensors (5001 to 5006), connected together, form
a linear query bus having a first and a second end,

the method comprising the following steps:

- sending at least one query signal (E1, E2) and receiving at least one
response signal (R1, R2) from the plurality of linear sensors via the first or the
second end of the linear query bus, the at least one response signal comprises
a first series of response signals and/or a second series of response signals;

the communication of the linear query bus through the plurality of linear
sensors is two-way in such a case,
characterized in that the linear query bus is connected by the first and the
second end of the linear query bus (51, 52) to the central management unit,

and in that the method further comprises the following steps:
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- comparison by the central management unit of the first series of
response signals obtained by the first end of the linear query bus with:

¢ the second series of responses obtained from the plurality of linear
sensors via the second end of the linear query bus, and/or,

e a list of data characterizing the plurality of linear sensors, said list
being stored by said central management unit,

- deduction by the central management unit of a presence or an

absence of a break in the linear query bus.

10. The method according to claim 9, characterized in that the system
comprises at least one accessory corresponding to a branch and/or a
terminator and/or a neutral cable, the method further comprising the following
steps:

- comparison by the central management unit of the first series of
response signals obtained comprising data from the first end of said linear
guery bus and/or accessories with:

o the list of data that characterize the plurality of linear sensors and/or
accessories stored by said central management unit, and/or

¢ the second series of response signals obtained by the second end of
the linear query bus, comprising data that characterize said linear sensors

and/or accessories.

11. The method according to claim 9, characterized in that the method
further comprises the following step:

- determination of a position of said break of one of the linear sensors
of the linear query bus by the central management unit, if the central
management unit deduces the presence of a break in one of the linear sensors
of the linear query bus depending on the first and second series of response

signals received.
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12. The method according to any one of claims 10 to 11, characterized in
that the system further comprises at least two branches (B1N2, BIN3, B1N6),
the at least two branches (B1N2, BIN3, B1N6) being connected to the linear
query bus, a second linear query bus (B2, B3) being formed by a second
plurality of linear sensors connected in series with each other, said second
linear query bus having a first and a second end and being connected to the
at least two branches (B1N2, BIN3, B1NG6) at both its ends,

for each end of the second linear query bus and for each branch, the
method comprises the following steps:

- sending at least one query signal (E1, E2) via the second linear query
bus and receiving at least one response signal (R1, R2) from the second
plurality of linear sensors via said end,

- transmitting the at least one response signal received from the second
plurality of linear sensors to the central management unit (8) via the linear
guery bus (B1).

13. A computer program product comprising instructions which, when the
program is executed by a computer, cause the latter to implement the steps of
the method according to any one of claims 9 to 12.



