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(57) Abrege/Abstract:
A sensor supervision system for periodically providing a test to accesses the status of a gas detection sensor, such as a carbon

monoxide (CO) sensor, Is provided. To access the status of the CO sensor, a processor provides a voltage to the sensor
supervision system, such that a voltage Is applied to CO sensor, charging the CO sensor. The status of the CO sensor Is accessed
by determining the change In the voltage charge of the CO sensor between two sampling time points. If the first sample voltage Is
substantially equal to the second sample voltage, I.e., a substantially constant voltage, the carbon monoxide sensor falls the test.
However, If there Is an change Is the voltage change between the first and second sampled time points, the CO sensor passes the

test.
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ABSTRACT

A sensor supervision system for periodically providing a test to accesses the status
of a gas detection sensor, such as a carbon monoxide (CO) sensor, is provided. To access
the status of the CO sensor, a processor provides a voltage to the sensor supervision
system, such that a voltage is applied to CO sensor, charging the CO sensor. The status of
the CO sensor is accessed by determining the change in the voltage charge of the CO
sensor between two sampling time points. If the first sample voltage is substantially equal
to the second sample voltage, i.e., a substantially constant voltage, the carbon monoxide
sensor fails the test. However, if there is an change is the voltage change between the first

and second sampled time points, the CO sensor passes the test.
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ELECTROCHEMICAL CARBON MONOXIDE SENSOR SUPERVISION

FIELD OF THE INVENTION

The present disclosure relates to a gas detection system, a more particularly to a

system and method for testing gas detection sensors.

BACKGROUND OF THE INVENTION

Devices for detecting and generating a warning with respect to dangerous
conditions, such as the presence ot carbon monoxide (CO), are known. For example,
various devices and systems are described 1n U.S. Pat. Nos.: 5,517,182 to Yasunaga,
issued on May, 14, 1996; 5,694,118 to Park et al., issued December 2, 1997, 5,886,639 to
Tanguay, 1ssued March 23, 1999, and 6,819,256 to Johnston et al., issued November 16,
2004.

In general, CO detectors employ one of three types of detectors: semiconductor,
biomimetic and electrochemaical.”

Semiconductor CO sensors typically employ a thin layer of metal, such as tin
dioxide, maintained at a relatively high temperature (e.g., 100.degree. C. to 400.degree.
C.). The surface conductivity of the metal varies generally proportionally in accordance
with exposure to ambient CO concentration. The semiconductor chip measures the
migration of oxygen molecules through the surface of the sensor material.

Biomimetic sensors utilize a transparent substrate disk coated with a synthetic hemoglobin
that mimics the reaction of natural hemoglobin in the presence of carbon monoxide. The
biomimetic matenal darkens with cumulative absorption of CO. A light emitting diode
(LED) transmaits light through the biomimetic material to a photosensitive device. When
the material becomes sufficiently dark to prevent adequate light from reaching the
photosensitive device, the detector sounds an alarm.

Electrochemical sensors, in general, employ a chemical reaction to convert CO to
carbon dioxide (CQO,) to create a chemical imbalance in a portion of the cell which in turn
generates a current indicative of the amount of CO present. Some electrochemical sensors

utilize two chambers (one for CO and one for hydrogen).
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SUMMARY OF THE INVENTION

The present discloser provides a system and method for testing a gas detection
sensor. The gas detection sensor can be provided in a gas detection unit having a sensor
supervision system for accessing a status of the gas detection sensor. The gas detection
unit can be a carbon monoxide (CO) detector, or a combination smoke/CO detector.

The gas detection sensor can be a carbon monoxide sensor, where the sensor
supervision system periodically accesses the status of the CO sensor. To access the status
of the CO sensor, a processor in the gas detection unit provides a voltage to the sensor
supervision system, such that a voltage is applied to the CO sensor. During the testing, the
CO sensor is charged like a capacitor.

The status of the CO sensor is accessed by determining the change in the voltage
charge of the CO sensor between two sampling time points. If the first sample voltage is
substantially equal to the second sample voltage the carbon monoxide sensor fails the test,
and 1s bad. If the first sample voltage is not equal to the second sample voltage the carbon

monoxide sensor passes the test, and is good.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention, and the attendant
advantages and features thereof, will be more readily understood by reference to the
following detailed description when considered in conjunction with the accompanying
drawings wherein:

FIG. 1 is a block diagram for a gas detection unit i1s accordance with the present
disclosure;

FIG. 2 depicts a plan view of an exemplary gas detection unit of the present
disclosure;

FIG. 3 depicts a circuit diagram for an electrochemical CO sensor supervision
circuit of the present disclosure;

FIG. 4 depicts a graphic representation of an electrochemical CO sensor in an open
condition;

FIG. 5 depicts a graphic representation of an electrochemical CO sensor in a
shorted condition;

FIG. 6 depicts a graphic representation of an electrochemical CO sensor in a

normal condition;
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FIG. 7 depicts a first diagnostic method for testing an electrochemical CO sensor;
and
FIG. 8 depicts a second diagnostic method for testing an electrochemical CO

SCINSOT,

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, an exemplary detector unit 10 1s provided. The detector umt
10 can be, for example, a carbon monoxide (CO) detector or a combination smoke/CO
detector. The detector unit 10 includes: a power supply 12; a processor 14; visual
indicators 16; a manually actuatable test/reset switch 18; a suitable audio transducer (e.g.,
piezoelectric horn 20) and cooperating horn driver 22; at least one suitable sensor 24; and
a sensor supervision system 26. The at least one sensor 24 can be a CO sensor, or can
further include a smoke sensor.

The power supply 12 may be any supply capable of providing the necessary
voltage levels for the various components of the system. In circumstances where AC lhine
voltage is available, power supply 12 suitably includes a suitable AC-DC converter. The
power supply may further include a battery back-up. Alternatively, power supply 12 may
employ a battery as the primary power source.

FIG. 2 depicts a front plan view of an exemplary housing ot a combination
smoke/CO detector unit 10. The housing 28 includes a CO alarm indicator 30, a smoke
alarm indicator 32, a low battery indicator 34, and a service status visual indicator 36. The
housing 30 also preferably includes a single test/silence button 18.

With respect to FIGS. 1 and 2, the processor 14 can include an internal clock, Read
Only Memory (ROM), Random Access Memory (RAM), and a plurality of input/output
(I/O) pins. The processor 14 controls the overall operation of the detector unit 10 and
processes information to determine a hazardous condition of carbon monoxide or smoke 1n
the atmosphere. It will be understood that a variety of processing units or processors could
be used without departing from the spirit and scope of the present invention.

Referring to FIG. 3, a circuit diagram of an electrochemical CO sensor supervision 1s
provided. The sensor supervision circuitry 40 includes resistors R1-7, a capacitors C1, C2,
CS5, CS, and C6, a diode switch D1, and an electrochemical CO sensor SEN 1. The CO
sensor SEN 1 of the CO detection circuitry 40 1s utihized to detect the presence or absence

of carbon monoxide in the surrounding atmosphere.

3



CA 02641889 2008-10-27

The CO senor SEN 1 is diagnosed for an open or short condition periodically. The
sensor diagnostic can occur automatically at predetermined time intervals, or manually by
the depression of the test button 18. The sensor diagnostic occurs when the processor 14
switches a small current through the sensor supervision circuitry 40. A current in created
by means of a voltage potential applied to the anode of the diode switch D1 for a
predetermined time interval. This voltage 1s placed across resistors R3 and R4 forming a
voltage divider from VDD to the offset voltage reference V2 (V2 offset voltage reference
is derived by IC2b configured as a voltage buffer and resistors R1 and R2 connected from
VDD to ground.)

The voltage developed across R4 1s placed on the positive input of IC2a. This
same potential is also developed on the negative input of IC2a and 1s placed across the
resistor RS and the CO sensor SEN 1 with respect to the reference supply V2, thus
providing a series current though these two parts.

The CO sensor SEN 1 under test looks like a large capacitor to the circuit and
because of the series current through the CO sensor SEN 1, the CO sensor SEN 1 begins
to charge. As the charge voltage across the CO sensor SEN 1 starts to increase the voltage
across the series resistor RS begins to decrease. This decrease in voltage across RS also
decreases the current in the series loop with respect to the offset voltage V2.

As the current through RS decreases these is a proportional change in the feedback
current of R6. Therefore, as the feedback resistor current through R6 and 1C2a (current-
to-voltage converter circuit) decreases so will its current output. The output voltage of
IC2a 1s sampled by the processor’s 14 analog-to-digital converter at two different time
points. The two samplings are compared to each other and a decision 1s made to pass or
fail the CO sensor SEN 1.

[f the CO sensor SEN 1 is open the voltage between the sampling time points is a
low constant and the CO sensor SEN 1 fails (See FIG. 4). If the CO sensor SEN 1 1s
shorted the voltage between the sampling time points is a high constant and the CO sensor
SEN 1 fails (See FIG. 5). If the CO sensor SEN 1 is good the voltage between the
sampling time points will decrease (See FIG. 6).

Referring to FIG. 7, an exemplary method for testing the CO sensor SEN 1 1s
provided. A voltage potential 1s applied to diode D1 42. The voltage Vg is sampled at a
time point B 44. A time delay 1s provided between sample time point B and a second

sample at time point C 46. After the time delay, the voltage V. 1s sampled at time point C
4
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48. The voltage potential is removed from the diode D1 50. The delta voltage (AV) is
calculated by subtracting the sampled voltage at sample time point B from the voltage at
sample time point C 52, Vg —Vc. The AV is then checked 54, if the AV is greater then
zero then the sensor passes, is good 56. As an additionally verification, if there 1s less then
a 30% percent voltage drop between the time points B and C then CO sensor 1s good 56.
This condition is depicted in FIG. 6, which shows a decrease i1s voltage between time
points B and C.

However, if the AV is substantially equal to zero then the sensor fails, 1s bad 58,
and open or short condition exist in the CO sensor. As noted above, the differentiation
between an open and a short condition is that the short condition has a higher constant
voltage between time points B and C then does the open condition. As an additionally
verification, if there is greater then a 30% percent voltage drop between the time points B
and C then CO sensor may be bad 58. This condition is depicted in FIGS. 4 and 5,
between time point B and C.

After the sensor diagnostic test, the status of the sensor can be provided by a visual
or audible indicator. For example, the visual indicator 16 can flash a green light for a
passing of the diagnostic test, a good CO sensor, or a red light for a failing of the
diagnostic test, a bad Co sensor.

Alternatively, a suitable audio transducer 20 can provide a first sound for a passing
of the diagnostic test, a good CO sensor, or a second sound for a failing of the diagnostic
test, a bad test, where the first and second sounds are difterent. For example, a passing of
the diagnostic test can be provided by a single chirp from the audio transducer 20, and a
failing of the diagnostic test can be followed by a plurality of chirps from the audio
transducer 20.

Referring to FIG. 8, an alternative testing method can be provided were two or
more pairs of time sampling points are utilized. A voltage V4 sample is taken at time
point A 60. A voltage potential is applied to diode D1 62. The voltage Vg is samples at a
time point B 64. A time delay is provided between sample time point B and sample time
point C 66. After the time delay 66, the voltage V. is sampled at time point C 68. The
voltage potential is removed from the diode D1 70. A sample voltage Vp is taken at time
point D 72. The delta voltage (AV1) is calculated by subtracting the sampled voltage at
sample time point B from the voltage at sample time point C 72, Vg —V¢. The delta
voltage (AV?2) is calculated by subtracting the sampled voltage at sample time point A

S
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from the voltage and sample time point D 76, VA-Vp. The voltage differences AV1
and AV2 are checked 74. If AV1 and AV2 are greater then zero then the sensor passes, is
good 80. As an additionally verification, if there is less then a 30% percent voltage drop
between the time points B and C and between A and d then CO sensor is good 80.

However, 1f the voltage differences AV1 and AV2 are substantially equal to zero then

the sensor fails, 1s bad 80, 1.e., and an open or short condition exists in the CO sensor. As an
additionally verification, if there is greater then a 30% percent voltage drop between the time
points B and C and between time points A and D, then CO sensor may be bad 82.
In the above examples, to calculate the voltage difference AV the voltage at a second sample
time point was subtracted from the voltage at a first sample time point, 1.e., Vg —V¢c or Va-Vp.
However, it 1s understood that the status of the CO sensor is based on where or not the 1s a
change 1n the voltage between the sampling time point. As such, the voltage difference AV
can be calculated by subtracting the voltage at a first sample time point from the voltage at a
second sample time point, 1.e., Vc—Vp or Vp-Va.

In this manner, a passing sensor can be based on whether or not the voltage difference
is greater or less than zero. If the voltage differences is substantially equal to zero, 1., a
substantially constant voltage, then the sensor fails, i.e., and open or short condition exists in
the CO sensor. If the voltage difference is not equal to zero then the CO sensor passed, 1s
200d.

The scope of the claims should not be limited by particular embodiments set forth

herein, but should be construed in a manner consistent with the specification as a whole.
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CLAIMNS:

1. A gas detection unit, comprising:

a carbon monoxide sensor; and

a sensor supervision circuit including a means for accessing a status of the carbon
monoxide sensor a means for providing a voltage charge to the carbon monoxide sensor, and
means for reading a change in the voltage charge of the carbon monoxide sensor between a

first and second time point.

2. A gas detection unit as set forth in claim 1, wherein when the means for reading a
change in the voltage charge of the carbon monoxide sensor between a first and second time
point reads a change in the voltage charge between the first and second time points the status

of the carbon monoxide sensor 1s good.

3. A gas detection unit as set forth in claim 2, wherein when the means for reading a
change in the voltage charge of the carbon monoxide sensor between a first and second time
point reads a substantially constant voltage charge between the first and second time points

the status of the carbon monoxide sensor 1s bad.

4, A gas detection unit as set forth in claim 3, further comprising:

a Processor;
a power supply;
a visual indicator; and

an audio indicator.

5. A gas detection unit as set forth in claim 3, where the carbon monoxide sensor 1s an

electrochemical sensor.

6. A method for determining the status of a carbon monoxide sensor comprising:

providing a voltage to the carbon monoxide sensor;
7
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charging the carbon monoxide sensor:

reading a first sample voltage from the carbon monoxide sensor at a first time point;

reading a second sample voltage from the carbon monoxide sensor at a second time
point, wherein the first time point is different from the second time point;

determining the status of the carbon monoxide sensor, where when the first sample
voltage 1s equal to the second sample voltage the carbon monoxide sensor is bad and when the

first sample voltage is not equal to the second sample voltage the carbon monoxide sensor 1s

g00d.
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