1 I VO 0O

WO 2006/0197

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 February 2006 (23.02.2006)

lﬂb A 00 O

(10) International Publication Number

WO 2006/019743 A1l

(51) International Patent Classification : GO01M 3/16
(21) International Application Number:
PCT/US2005/024709

(22) International Filing Date: 8 July 2005 (08.07.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

093123920 10 August 2004 (10.08.2004) TW

(71) Applicant (for all designated States except US): 3M
INNOVATIVE PROPERTIES COMPANY [US/US];
3M Center, Post Office Box 33427, Saint Paul, Minnesota
55133-3427 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): LIANG,
Ching-Chung; 6F, No. 95 Dunhua S. Rd., Sec. 2,
Taipei, 10682 (TW).

(74) Agents: TRUSSELL, James J., et al.; 3M Center, Office
of Intellectual Property Counsel, Post Office Box 33427,
Saint Paul, Minnesota 55133-3427 (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, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, 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), Burasian (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, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD AND SYSTEM FOR DETECTING LIQUID LEAKAGE

Generator
{34
736 37 (%8
Analog 8 ;
Digital N éﬁg’ﬁt Alarm
Converter
Controller

(57) Abstract: A method and system for detecting liquid leakage. The system comprises a sensor having two separate conductive
< lines for detecting liquid leakage, the two separate conductive lines having two open terminals and two connection terminals; a single

generator for supplying a detecting signal to detect liquid with impedance less than 100 mega ohm to the sensor; and a controller
e, clectrically connected to the negative terminal (or positive terminal) of the two connection terminals. If liquid leakage is detected
F between the two conductive lines, an analog signal is generated at the negative terminal (or positive terminal). The controller converts

the analog signal into a digital signal to activate an alarm.
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METHOD AND SYSTEM FOR DETECTING LIQUID LEAKAGE

Field

The present invention relates to a method and system for detecting liquid
leakage which is capable of detecting leaked liquid having an impedance less than
100 mega ohm, in which a detected analog signal is converted into a digital signal
so as to increase the sensibility and accuracy of detecting liquid leakage, thereby
enhancing the precision of liquid leakage detection and preventing operational

errors caused by outside environmental interference.
Background

In manufacturing equipment, water and chemical liquid are commonly used
for the purpose of cleaning or cooling. If water leakage or liquid leakage occurs,
it would cause abnormal operation of the equipment and could possibly be harmful
to the working staff. Prior attempts to solve this problem, include the leakage
detector, for example, that was filed by the same applicant with the R.O.C. Patent
Application No. 092116399. The structure thereof is shown in Fig. 1. The
leakage detector shown therein is used to detect whether the equipment has the
problem of water leakage. As shown in Fig. 1, the water leakage detector
includes a sensor 10, a controller 14 and an alarm 18. The controller 14 consists
of a transistor 15, a resistor 16 and a power source 17. The sensor 10 includes
two conductive lines 11 and an integument 12, wherein the two separate
conductive lines 11 have two open terminals and two connection terminals. The
base and emitter of the transistor 15, the two connection terminals, the resistor 16
and the power source 17 are electrically connected in series. The collector and
emitter of the transistor 15, the power source 17 and the alarm 18 are electrically
connected in series. The integument 12 is used to cover the two separate
conductive lines 11, wherein several parts of the two separate conductive lines 11

are exposed to form a plurality of electrodes 9.

When leakage water 20 is detected at any one of the electrodes 9, a current

flowing through the sensor 10, the resistor 16 and the base and emitter of the
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transistor 14 is generated so as to turn on the transistor 14. At this moment, the

alarm 18 is activated to warn operators of the occurrence of water leakage.

The conventional water leakage detector can detect water leakage may not
be optimized to detect chemical liquid leakage with high impedance. However,
certain industrial chemicals may be harmful and therefore it is important to

accurately detect liquid leakage.
SUMMARY OF THE INVENTION

The present invention provides a method and system for detecting liquid
leakage, where the leaked liquid has an impedance less than 100 mega ohm can be
detected. A detected analog signal is converted into a digital signal so as to
increase the accuracy of detecting water leakage and the short circuit and the open
circuit of a sensor, thereby enhancing the precision of liquid leakage detection and
preventing operational errors caused by outside environmental interference. It
may be desirable to be able to reliably detect such liquids, including the chemical
liquids used in the manufacture process of the TFT-LCD, semiconductor and PDP,
i.e. isopropyl alcohol, acetone, hydrochloric acid, ethanol, ammonia, photoresist,
methylsulfinylmethane (DSMC), dimethyl sulfoxyde (DMSO), special soft
copolymer (SPX), edge bead remover (EBR), LC—841: Cleaner for liquid crystal
(Semi-aqueous type), stereolithography (SLA), oxalic, ultra pure water (UPW) or

water, can be dangerous or hazardous.

In one exemplary embodiment, a method for detecting a liquid leak of the
present invention comprises the steps of: using a sensor to detect the leak, the
sensor comprises a first conductive line separate from a second conductive line,
each conductive line having an open terminal and a connection terminal;
generating a detecting signal from a signal generator, the detecting signal for
detecting liquid with impedance less than 100 mega ohm, the detecting signal
supplied to the sensor via the connection terminals of the first and second
conductive lines by a controller; generating an analog signal at one of the two
connection terminals when a leak is detected between the two conductive lines;

converting the analog signal to a digital signal using the controller; and activating
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an alarm with the digital signal.

In another exemplary embodiment, the invention comprises a computer
readable recording medium for embodying a program, which program is executed

for performing the steps as mentioned above.

In another exemplary embodiment of a system for detecting a liquid leak,
the system comprises: a sensor comprising a first conductive line separate from a
second conductive line, the first conductive line having a first open terminal and a
first connection terminal, the second conductive line having a second open
terminal and a second connection terminal, wherein an analog signal is generated
at the first connection terminal of the first conductive line when the leak is
detected between the two conductive lines; a signal generator providing a
detecting signal for detecting liquid having an impedance less than or equal to 100
mega ohm, the signal generator connected to the first and second connection
terminals of the first and second conductive lines; an alarm; and a controller
controlling the signal generator and converting the analog signal to a digital signal
that is used to activate the alarm, the controller connected to the first connection

terminal of the first conductive line.

Another exemplary embodiment of the present invention, is a method for
detecting a liquid leak comprising the steps of: using a sensor to detect the leak,
the sensor comprises a first conductive line separate from a second conductive line,
each conductive line having a terminal connected to a terminal resistor and a
connection terminal; generating a detecting signal from a signal generator, the
detecting signal for detecting liquid with impedance less than 100 mega ohm, the
detecting signal supplied to the sensor via the connection terminals of the first and
second conductive lines by a controller; generating an first analog signal at one of
the two connection terminals when a leak is detected between the two conductive
lines; converting the first analog signal to a first digital signal using the controller;
and attivating an first alarm with the first digital signal. The method further
comprises: generating a second analog signal at one of the two connection
terminals by the sensor, if the sensor is open circuited; converting the second

analog signal into a second digital signal by the controller; and activating a second
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alarm with the second digital signal.

Another exemplary embodiment of the invention further comprises a
computer readable recording medium for embodying a program, which program is

executed to perform the above steps.

According to another exemplary embodiment of the present invention, a
system for detecting a liquid leak, the system comprising: a sensor comprising a
first conductive line separate from a second conductive line, the first conductive
line having a first terminal connected to a terminal resistor and a first connection
terminal, the second conductive line having a second terminal connected to the
terminal resistor and a second connection terminal, wherein a first analog signal is
generated at the first connection terminal of the first conductive line when the leak
is detected between the two conductive lines; a signal generator providing a
detecting signal for detecting liquid having an impedance less than or equal to 100
mega ohm, the signal generator connected to the first and second connection
terminals of the first and second conductive lines; a first alarm; and a controller
controlling the signal generator and converting the first analog signal to a first
digital signal that is used to activate the first alarm, the controller connected to the
first connection terminal of the first conductive line. The system further
comprises: a second alarm, wherein a second analog signal is generated at one of
the first and second connection terminals if the sensor is open circuited, and the
second analog signal is converted into a second digital signal by the controller, and

the second alarm is activated by the second digital signal.

The advantages of the method and system for detecting liquid leakage
reside in that: the impedance of the leaked liquid which can be detected by the
present invention is less than 100 mega ohm, and a detected analog signal is
converted into a digital signal so as to increase the accuracy of detecting liquid
leakage, thereby enhancing the precision of liquid leakage detection and

preventing operational errors caused by outside environmental interference.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit block diagram showing a known water leakage detector;

Fig. 2 is a schematic diagram showing a possible non-symmetry pulse signal that

can be used in the present invention;

Fig. 3 is a circuit block diagram showing an exemplary system for detecting liquid

leakage according to the present invention;

Fig. 4 is a circuit block diagram showing another exemplary system for detecting

liquid leakage according to the present invention;

Fig. 5 is a flow chart showing an exemplary method for detecting liquid leakage

according to the present invention; and

Fig. 6 is a flow chart showing another exemplary method for detecting liquid

leakage according to the present invention.

These figures are not drawn to scale and are intended only for illustrative

purposes.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 3 shows a system for detecting liquid leakage according to an
exemplary embodiment of the present invention. The system comprises a sensor
30, a signal generator 35, a controller 34, and an alarm 38. In one embodiment,
the length of sensor 30 can be up to 450 meters, including the length of the sensor
body (up to 100 meters) and the wires connected to the sensor 30. S ensor 30 has
two separate conductive lines 31 and an integument or cover 32. The two
separate conductive lines 31 have two open terminals (shown schematically as 31a
and 31b) and two connection terminals (shown schematically as 31c and 31d).
The integument 32 is used to cover the two separate conductive lines 31, wherein
several parts of the two separate conductive lines 31 are exposed to form a

plurality of electrodes 29.
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In one exemplary embodiment, the signal generator 35 is electrically
connected to the two connection terminals of the two separate conductive lines 31.
The signal generator provides a detecting signal for detecting liquid with
impedance less than 100 mega ohm (such as a non-symmetrical pulse signal with a
voltage/period of +5V/1.7sec and —9V/0.8sec shown in Fig. 2) to the sensor 30.
The controller 34 comprises an analog/digital converter 36 and a logic circuit 37.
The input terminal of the analog/digital converter 36 is electrically connected to
the negative terminal (or positive terminal) of the two connection terminals by
using cables for shielding the signals from noise. The output terminal of the
analog/digital converter 36 is electrically connected to the input terminal of the
logic circuit 37. The analog/digital converter 36 outputs an 8-bit digital signal 8
to the logic circuit 37. In addition, the output terminal of the logic circuit 37 is

electrically connected to the alarm 38.

As shown in Fig. 3, when liquid leakage is detected at an electrode 29 of the
sensor 30 in equipment, an analog signal is generated at the negative terminal (or
positive terminal) of the two separate conductive lines 31. The voltage of the
analog signal is in the range of +5V to -9V. The voltage of the analog signal
depends on the impedance of the leaked liquid. The analog/digital converter 36
converts the analog signal (+5V to -9V) into a digital signal (with the value
ranging from 0 to 255). The logic circuit 37 processes the digital signal. Then,
the alarm 38 is activated by the digital signal, thereby warning operators of the

occurrence of the liquid leakage.

Fig. 4 shows a system for detecting liquid leakage according to another
exemplary embodiment of the present invention. The embodiment shown in Fig.
4 is similar to the embodiment of Fig. 3 and further includes a terminal resistor 53.
The terminal resistor has two terminals (not shown) and are connected to the open
terminal of each conductive line. Like Fig. 3, the system in Fig. 4 comprises a
sensor 50, a signal generator 55, a controller 54, a first alarm 58, a second alarm
60 and an integument 52. The integument is used to cover the conductive lines.

Where the conductive lines are exposed a plurality of electrodes 49 are formed.

The signal generator 55 is electrically connected to two connection
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terminals, schematically shown as 51c and 51d, of the conductive lines. The
signal generator provides a detecting signal for detecting liquid with impedance
less than 100 mega ohm (such as a non-symmetrical pulse signal with a
voltage/period of +5V/1.7sec and —9V/0.8sec shown in Fig. 2) to the sensor 50.
The controller 54 comprises an analog/digital converter 56 and a logic circuit 57.
The input terminal of the analog/digital converter 56 is electrically connected to
the negative terminal (or positive terminal) of the connection terminals by using
cables for shielding the signals from noise. The output terminal of the
analog/digital converter 56 is electrically connected to the input terminal of the
logic circuit 57. The analog/digital converter 56 outputs an 8-bit digital signal 8
to the logic circuit 57. In addition, the output terminal of the logic circuit 57 is

electrically connected to the first alarm 58 and the second alarm 60.

As shown in Fig. 4, when liquid leakage is detected at an electrode 49 of the
sensor 50 in equipment, a first analog signal is generated at the negative terminal
(or positive terminal) of the two separate conductive lines 51. The voltage of the
first analog signal is in the range of +5V to -9V. The voltage of the first analog
signal depends on the impedance of the leaked liquid. The analog/digital
converter 56 converts the first analog signal (+5V to -9V) into a first digital signal
(with the value ranging from 0 to 255). The logic circuit 57 processes the first
digital signal, and then the first alarm 58 is activated by the first digital signal,
thereby warning operators of the occurrence of the liquid leakage. If the sensor
50 is open circuited, a second analog signal is generated at the negative terminal
(or positive terminal) of the two separate conductive lines 51. The analog/digital
converter 56 converts the second analog signal (+5V to -9V) into a second digital
signal (with the value ranging from 0 to 255). The logic circuit 57 processes the
second digital signal, and then the second alarm 60 is activated by the second

digital signal, thereby warning operators that the sensor 50 is open circuited.

Fig. 5 shows an exemplary method for detecting liquid leakage according to
the present invention. First, in step S60, a sensor is prepared, wherein the sensor
is in a length up to 450 meters, and has two separate conductive lines having two

open terminals and two connection terminals, and a detecting signal for detecting
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liquid with impedance less than 100 mega ohm (such as a non-symmetry pulse
signal with a voltage/period of +5V/1.7sec and -9V/0.8sec shown in Fig. 2) is
provided to the sensor through the two connection terminals by a signal generator.
When performing step S61, if liquid leakage is detected between the two separate
conductive lines, an analog signal is generated at the negative terminal (or positive
terminal) of the two connection terminals, wherein the voltage of the analog signal
is in the range of +5V to -9V. Next, when performing step S62, the analog signal
is converted into a digital signal by a controller. Then, when performing step S63,
the alarm is activated by the digital signal, thereby warning operators of the

occurrence of the liquid leakage.

Fig. 6 shows an exemplary method for detecting liquid leakage according to
the present invention. First, in step S70, a sensor and a signal generator are
prepared, wherein the sensor has two separate conductive lines and a terminal
resistor, two terminals of the two separate conductive lines being electrically
connected to the two terminals of the terminal resistor, respectively, and the signal
generator provides a detecting signal for detecting liquid with impedance less than
100 mega ohm (such as a non-symmetry pulse signal with a voltage/period of
+5V/1.7sec and —-9V/0.8sec shown in Fig. 2) to the sensor through the connection
terminals of the two separate conductive lines. When performing step S71, if
liquid leakage is detected between the two separate conductive lines, a first analog
signal is generated at the negative terminal (or positive terminal) of the connection
terminals of the two separate conductive lines, wherein the voltage of the first
analog signal is in the range of +5V to -9V. Next, when performing step S72, the
first analog signal is converted into a first digital signal by a controller. Then,
when performing step S73, a first alarm is activated by the first digital signal,

thereby warning operators of the occurrence of the liquid leakage.

In step S74, if the sensor is open circuited, a second analog signal is
generated at the negative terminal (or positive terminal) of the sensor, wherein the
voltage of the second analog signal is in the range of +5V to -9V. Next, in step
75, the second analog signal is converted into a second digital signal by the

controller. Then, in step S76, a second alarm is activated by the second digital



10

15

WO 2006/019743 PCT/US2005/024709

signal, thereby warning operators that the sensor is open circuited.

The advantages of the method and system for detecting liquid leakage
reside in that a detecting signal for detecting liquid with impedance less than 100
mega ohm is used to detect liquid leakage; when liquid leakage is detected, an
analog signal is generated and converted into a digital signal (for example, +5V
to -9V is divided into 256 intervals) so as to increase the sensibility and accuracy
of detecting liquid leakage, thereby enhancing the precision of liquid leakage
detection. The present invention also prevents operational errors caused by

outside environmental interference.

While the invention has been described by way of example and in terms of
the preferred embodiment, it is to be understood that the invention is not limited to
the disclosed embodiments. On the contrary, it is intended to cover various
modifications and similar arrangements as would be apparent to those skilled in
the art. Therefore, the scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifications and similar

arrangements.
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What is claimed is:

1. A method for detecting a liquid leak comprising the steps of:

using a sensor to detect the leak, the sensor comprising a first conductive
line separate from a second conductive line, each conductive line having an open

terminal and a connection terminal;

generating a detecting signal from a signal generator, the detecting signal
for detecting liquid with impedance less than 100 mega ohm, the detecting signal
supplied to the sensor via the connection terminals of the first and second

conductive lines by a controller;

generating an analog signal at one of the two connection terminals when a

leak is detected between the two conductive lines;
converting the analog signal to a digital signal using the controller; and
activating an alarm with the digital signal.

2. The method as claimed in claim 1, wherein the controller further comprises
an analog/digital converter and a logic circuit, and the controller controls a signal

generator for supplying the detecting signal to the sensor.

3. The method as claimed in claim 1, wherein the detecting signal is a pulse
signal.
4. A computer readable recording medium for embodying a program which is

executed by a computer to perform the following steps:

detecting whether or not leakage occurs by a sensor, wherein the sensor
comprises a first conductive line separate from a second conductive line, each

conductive line having an open terminal and a connection terminal;

generating a detecting signal from a signal generator, the detecting signal
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for detecting liquid with impedance less than 100 mega ohm, the detecting signal

. supplied to the sensor via the connection terminals of the first and second

conductive lines by a controller;

generating an analog signal at one of the two connection terminals when a

leak is detected between the two conductive lines;
converting the analog signal to a digital signal using the controller; and
activating an alarm with the digital signal.

5. The computer readable medium as claimed in claim 4, wherein the
controller further comprises an analog/digital converter and a logic circuit, and the
controller controls a signal generator for supplying the detecting signal to the

Sensor.

6. The computer readable medium as claimed in claim 4, wherein the detecting

signal is a pulse signal.
7. A system for detecting a liquid leak, the system comprising:

a sensor comprising a first conductive line separate from a second
conductive line, the first conductive line having a first open terminal and a first
connection terminal, the second conductive line having a second open terminal
and a second connection terminal, wherein an analog signal is generated at the first
_connection terminal of the first conductive line when the leak is detected between

the two conductive lines;

a signal generator providing a detecting signal for detecting liquid having an
impedance less than or equal to 100 mega ohm, the signal generator connected to

the first and second connection terminals of the first and second conductive lines;
an alarm; and

a controller for controlling the signal generator and converting the analog

signal to a digital signal that is used to activate the alarm, the controller connected
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to the first connection terminal of the first conductive line.

8. The system as claimed in claim 7, wherein the controller further comprises

an analog/digital converter and a logic circuit.

9. The system as claimed in claim 7, wherein the detecting signal is a pulse

signal.
10. A method for detecting a liquid leak comprising the steps of:

using a sensor to detect whether or not a leak occurs, the sensor comprising
a first conductive line separate from a second conductive line, each conductive

line having a terminal connected to a terminal resistor and a connection terminal;

generating a detecting signal from a signal generator for detecting liquid
with impedance less than 100 mega ohm, the detecting signal supplied to the
sensor via the connection terminals of the first and second conductive lines by a

controller;

generating a first analog signal at one of the two connection terminals when

a leak is detected between the two conductive lines;

converting the first analog signal to a first digital signal using the controller;

and
activating an first alarm with the first digital signal.

11. The method as claimed in claim 10, wherein the controller further
comprises an analog/digital converter and a logic circuit, and the controller

controls a signal generator for supplying the detecting signal to the sensor.

12.  The method as claimed in claim 10, wherein the detecting signal is a pulse

signal.
13.  The method as claimed in claim 10, further comprising the steps of:

generating a second analog signal at one of the two connection terminals by
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the sensor, if the sensor is open circuited;

converting the second analog signal into a second digital signal by the

controller; and
activating a second alarm with the second digital signal.

14. A computer readable recording medium for embodying a program which is

executed by a computer to perform the following steps:

detecting whether or not a leak occurs by a sensor, the sensor comprising a
first conductive line separate from a second conductive line, each conductive line

having a terminal connected to a terminal resistor and a connection terminal;

generating a detecting signal from a signal generator for detecting liquid
with impedance less than 100 mega ohm, the detecting signal supplied to the
sensor via the connection terminals of the first and second conductive lines by a

controller;

generating an first analog signal at one of the two connection terminals

when a leak is detected between the two conductive lines;

converting the first analog signal to a first digital signal using the controller;

and
activating an first alarm with the first digital signal.

15. The computer readable medium as claimed in claim 14, wherein the
controller further comprises an analog/digital converter and a logic circuit, and the
controller controls a signal generator for supplying the detecting signal to the

SEnsor.

16. The computer readable medium as claimed in claim 14, wherein the

detecting signal is a pulse signal.

17. The computer readable medium as claimed in claim 14, further comprises

the steps:
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generating a second analog signal at one of the two connection terminals by

the sensor, if the sensor is open circuited;

converting the second analog signal into a second digital signal by the

controller; and
activating a second alarm with the second digital signal.
18. A system for detecting a liquid leak, the system comprising:

a sensor comprising a first conductive line separate from a second
conductive line, the first conductive line having a first terminal connected to a
terminal resistor and a first connection terminal, the second conductive line having
a second terminal connected to the terminal resistor and a second connection
terminal, wherein a first analog signal is generated at the first connection terminal
of the first conductive line when a leak is detected between the two conductive

lines;

a signal generator providing a detecting signal for detecting liquid having an
impedance less than or equal to 100 mega ohm, the signal generator connected to

the first and second connection terminals of the first and second conductive lines;
a first alarm; and

a controller for controlling the signal generator and converting the first
analog signal to a first digital signal that is used to activate the first alarm, the

controller connected to the first connection terminal of the first conductive line.

19.  The system as claimed in claim 18, wherein the controller further comprises

an analog/digital converter and a logic circuit.

20. The system as claimed in claim 18, wherein the detecting signal is a pulse

signal.

21.  The system as claimed in claim 18, further comprising a second alarm,

wherein a second analog signal is generated at one of the first and second
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connection terminals if the sensor is open circuited, and the second analog signal
is converted into a second digital signal by the controller, and the second alarm is

activated by the second digital signal.
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