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LOW BATTERY WARNING SILENCING IN LIFE SAFETY DEVICES

TECHNICAL FIELD

The disclosed technology relates to life safety devices. More particularly, the
disclosed technology relates to life safety devices that operate on battery power.

BACKGROUND

It 1s known to use life safety devices within a building or other structure to
detect various hazardous conditions and provide a warning to occupants of the
building of the detected hazardous condition. Examples of well known life safety
devices include smoke detectors and carbon monoxide detectors.

Due to the critical function of life safety devices, the devices are often
battery powered, or are AC powered with one or more backup batteries, to prevent
the devices from being disabled in the event of an AC power failure. As the level of
the battery tends to decrease over time, life safety devices are typically provided
with a battery voltage test circuit that periodically tests the battery level of the
detector. When the battery voltage drops below a predetermined level at which it is
determined that the battery should be replaced, a warning is triggered to advise the
occupant of the building in which the device is installed that the battery needs
replacement. The warning is usually an audible warning and/or a visual warning.

Despite the apparent safety value in providing a low battery warning, such
warnings are sometimes a nuisance, particularly when the warning occurs at night
while a person i1s trying to sleep. To eliminate the warning, some users resort to
removing the battery. However, removing the battery is undesirable as it prevents
operation of the life safety device so that the device no longer functions as intended.

For safety reasons, safety regulations do not permit the low battery warning
to be permanently silenced. However, the use of life safety devices provided with

the capability of temporarily silencing low battery warnings are known. Examples of
devices that indicate a low battery and/or permit a user to temporarily silence a low

battery warning includes U.S. Pat. Nos. 6,624,750, 6,081,197, 5,969,600, 5,686,885,
5,686,896, 4,287,517 and U.S. Patent Published Application Nos. 2003/0227387 and
2002/0130782.

For lite safety devices that permit temporary silencing of a low battery
warning, the low battery warning is silenced for a predetermined period of time.
However, silencing the warning for a predetermined period of time presents various
problems. For example, a user who silences the low battery warning knowing that it
will be silenced for a predetermined period of time can procrastinate in replacing the
battery tor sake of convenience or to get the most life out of the battery. When the
low battery warning sounds, the user may silence the warning and, knowing that the
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silence period will end after a predetermined time period, make 1t a point to return to
silence the warning once again just prior to the end of the time period. The user may
continue to do this for as long as possible, maximizing the use of the battery, until
the battery level reaches a voltage threshold at which the user 1s no longer able to

silence the warning,.

Thus, there 1s a continuing need for improvements in life safety devices
having silenceable low battery alarms.

SUMMARY

The disclosed technology relates to life safety devices. More particularly, the
disclosed technology relates to life safety devices that operate on battery power.

According to one aspect, a life safety device includes a battery monitoring
module configured to measure a voltage level of a battery.

According to another aspect, a method of monitoring a voltage level of a
battery 1n a life safety device can include: periodically measuring the voltage level
of the battery; providing an audible low battery warning when the voltage level of
the battery generally equals or is less than a low battery threshold; and silencing the
audible low battery warning for a random time period when the voltage level of the
battery 1s determined to be generally equal to or less than the low battery threshold.

According to yet another aspect, a method of monitoring a voltage level of a
battery 1n a life safety device can include: periodically measuring the voltage level
of the battery; entering a low battery mode when the voltage level of the battery
generally equals or 1s less than a low battery threshold, wherein the low battery
mode includes providing an audible low battery warning; and entering a low battery
silence mode by silencing the audible low battery warning for a random time period
when the voltage level of the battery is determined to generally equal to or less than
the low battery threshold.

DESCRIPTION OF THE DRAWINGS

Figure 1 1s a block diagram of an example life safety device.
Figure 2 1s a block diagram of another example life safety device.

Figure 3 1s a flow chart illustrating example operations of a low battery
silencing scheme.

DETAILED DESCRIPTION

Figures 1 and 2 illustrate embodiments of life safety devices incorporating an
example low battery silencing scheme. In Figure 1, the life safety device is a
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hazardous condition detector 10, while the life safety device in Figure 2 1s a non-
detecting device 12.

The detector 10 and non-detecting device 12 can be used separately, or
together 1n a system of life safety devices.

In use, the hazardous condition detector 10 1s located at a suitable location
within a building for detecting a hazardous condition at that location. The non-
detecting device 12 can be located at any convenient location within the building
such as, for example in the room in which the detector 10 1s located, or at any
location of the building found to be convenient by the building owner.

The hazardous condition detector 10 can include, but 1s not limited to, a
smoke detector, a gas detector for detecting carbon monoxide gas, natural gas,
propane, and other toxic gas, a fire detector, flame detector, heat detector, infra-red
sensor, ultra-violet sensor, other detectors ot hazardous conditions, and
combinations thereof. The hazardous condition detector can also include, but 1s not
limited to, a detector that detects a non-environmental hazardous condition, for
example a glass breakage sensor and a motion sensor. For sake of convenience, the
hazardous condition detector 10 will hereinafter be described and referred to as a
smoke detector 10 that 1s configured to detect smoke. However, it 1s to be realized
that the detector can include other forms of detectors as well.

The smoke detector 10 is preferably configured to be able to produce an
alarm when smoke is detected or for testing of the detector 10. The smoke detector
10 can be DC powered by one or more batteries, or AC powered with battery
backup. For sake of convenience, the smoke detector 10 will be hereinafter
described as being DC powered by one or more batteries.

The non-detecting device 12 1s not configured to detect a hazardous
condition. Instead, the non-detecting device 12 is intended to communicate with the
smoke detector 10 to signal an alarm when the detector 10 detects smoke. The non-
detecting device 12 includes, but is not limited to, a sound module for producing an

audible alarm, a light unit that is configured to illuminate a light as a warning, a
control unit that 1s configured to store and/or display data received from or relating

to other life safety devices in the system, and combinations thereof.

For sake of convenience, the non-detecting device 12 will hereinafter be
referred to as a sound module 12 that is configured to produce an audible alarm. The
non-detecting device 12 1s preferably AC powered with battery backup.

In each of the smoke detector 10 and the non-detecting device 12, the battery
power level 1s periodically checked to ensure that the battery has sufficient power to
operate the detector 10 (and the non-detecting device 12 in the event of an AC
power failure). If the battery power falls below a predetermined level, a low battery
warning is 1ssued to alert the user that the battery needs replacement.
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Details of the smoke detector 10 are illustrated in Figure 1. The smoke
detector 10 includes a controller 20 that is preferably a microprocessor. The
controller 20 1s responsible for all operations of the detector 10. A suitable smoke
sensor 22 1s connected to the controller 20 for detecting smoke and providing a
signal relating to the level of smoke detected. The sensor 22 can be, for example, an
ionization smoke sensor or a photoelectric smoke sensor of a type known 1n the art.
Upon a sufficient level of smoke being sensed by sensor 22, the controller 20 sends
a signal to an alarm circuit 24 to trigger an audible alarm. Power tfor the controller
20, the sensor 22, the alarm circuit 24 and the other components of the detector 10 1s

provided by a battery power source 26.

A battery monitoring circuit 28 periodically measures the battery voltage of
the battery 26. For example, the circuit 28 can measure the battery voltage every
minute. Battery monitoring circuits are well known 1n the art, one example of which
1s disclosed in U.S. Pat. No. 4,972,181. When the circuit 28 detects that the battery
26 falls below a low battery threshold (VIb), the circuit 28 sends a low battery signal
to the controller 20 which places the detector 10 1n a low battery mode in which the
alarm circuitry 24 sounds a warning to alert the user that the battery 26 should be

replaced.

The detector 10 also includes a test/silence button 30. The button 30, when
pressed, allows a user to initiate a test of the detector 10 to trigger an alarm on the
alarm circuit 24 and silence a local alarm. In addition, the low battery warning can
also be silenced by pressing the button 30. In an alternative configuration, illustrated
in dashed lines in Figure 1, separate test 32 and silence 34 buttons can be used
instead of the single button 30, where the silence button 34 would be used to silence
a low battery warning.

Turning now to Figure 2, the details of the sound module 12 will now be
described. As with the smoke detector 10, the sound module 12 comprises a
controller 40, for example at least one microprocessor, for controlling operation of
the sound module. The sound module 12 can include two microprocessors, one for
controlling communications with the smoke detector 10, and one controller for
controlling the other functions of the detector.

The controller 40 and the other components of the sound module 12 are
preferably powered by an AC power source 42, such as mains electrical power. In
the preferred embodiment, the sound module 12 1s configured to plug into an
electrical outlet near where it 1s placed. The sound module 12 also preferably
includes one or more batteries 44 as a backup power source.

The sound module 12 does not include a sensor for detecting hazardous
conditions, but 1s in communication with the detector 10 (or with other detectors) to
be able to receive a signal from the detector 10 when the detector detects a
hazardous condition. Upon a sufficient level of smoke being sensed by the detector
10, the detector 10 sends a signal to the sound module 12, which receives the signal
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and the controller 40 sends a signal to an alarm circuit 46 to trigger an audible alarm
from the sound module 12.

A battery monitoring circuit 48 periodically measures the battery voltage of
the backup battery 44. For example, the circuit 48, which can be identical to the
circuit 28 used in the detector 10, can measure the battery voltage every minute.
Battery monitoring circuits are well known in the art, one example of which 1s
disclosed in U.S. Pat. No. 4,972,181. When the circuit 48 detects that the battery 44
falls below a low battery threshold (VIb), the circuit 48 sends a low battery signal to
the controller 40 which places the sound module 12 in a low battery mode in which
the alarm circuitry 46 sounds a warning to alert the user that the battery 44 should be
replaced. The controller 40 also detects a voltage silence threshold, Vs, which, when
reached, prevents the user from silencing the low battery warning.

The sound module 12 also includes a test/silence button 50. The button 30,

when pressed, allows a user to initiate a test of the sound module 12 to trigger an
alarm on the alarm circuit 46 and silence a local alarm. In addition, the low battery
warning can also be silenced by pressing the button 50. In an alternative
configuration, illustrated in dashed lines in Figure 2, separate test 52 and silence 54
buttons can be used instead of the single button 50, where the silence button 54

would be used to silence a low battery warning.

Low Battery Warning Silencing

As mentioned above, the detector 10 and sound module 12 measure the
battery voltage on a periodic basis. When the battery voltage falls below the low
battery threshold (VIb), the detector 10 or sound module 12 will enter a low battery
mode in which a low battery warning is emitted by the alarm circuit 24 or 46 to alert
the user that the battery 26 or 44 should be replaced. When the user presses the
test/silence button 30 or 50, if the device is not currently signaling the detection of a
hazardous condition or in a test mode, the device will enter a low battery silence
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mode. The device 10, 12 will then determine the time that it will remain in the low
battery silence mode according to the examples discussed below.

Low battery silence time determination

Within each controller 20, 40 are various registers, for example 8-bit
registers, that contain data used in the operation of the program determining the
operation of the device 10, 12. One of the registers, which is referred to as Timer0,
increments in value as each instruction in the program operation is executed, starting
at zero and continuing to 255 whereupon it returns to zero and repeats incrementing.
As the microcontroller 20, 40 executes a large number of instructions per second, for
example one million instructions per second, it 1s impossible to know what the value
of Timer(O will be when the test/silence button 30, 50 s pressed. When the sound
module 12 uses two microprocessors, each processor can include a register TimerO.
In example shown, only the value from the register of one microprocessor 1s used as
described below. In alternative embodiments, the value from the register of either
microprocessor can be used.

Sound module 12

With respect to the sound module 12, when the low battery mode exists and
the user wishes to silence the low battery warning and enter the low battery silence
mode, the test/silence button 50 1s pressed.

The firmware will then measure the battery voltage and classify the voltage
in one of four levels called silence levels as set forth in the table below. The table 1s
based on the battery 44 being a 9 volt battery, and Vb 1s considered tobe 7.5 V. A
silence threshold, Vs, for example 7.2 V, is also provided, at and below which the
user is not permitted to silence the low battery warning. The silence threshold Vs 1s
considered the battery voltage at which the user should take immediate steps to
replace the battery.

Low Battery Silence Level Determination

Vbat Silence Level
7.5-74 0

1
7.29-7.2 2
below 7.2 3

Vbat = the measured battery voltage.
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Once the silence level is determined, the least significant two bits of Timer0
are read. The low battery silence period will then be determined from the following
look-up table based on the two bits and the silence level.

Low Battery Silence Period Determination (hours)

Silence Level

TMRO:0:1

00

01

10 |
l 11

Since it is impossible to know what the least significant two bits of Timer0
will be when the test/silence button 50 1s pressed, the silence period will randomly
vary from 9 hours to 12 hours at silence level 0. At silence level 1, the silence
period will randomly vary from 5 hours to 8 hours. At silence level 2, the silence
period will randomly vary from 1 hour to 4 hours, while at silence level 3, the
silence period will be 0. At silence level 3, when the battery voltage drops below
Vs, for example 7.2 V, the user 1s not permitted to silence the low battery warning as
the battery voltage is at a level at which the user should take immediate steps to
replace the battery.

Therefore, the silence period decreases as the battery voltage nears silence
level 3. This prevents the low battery warning from being silenced for a period of
time that would allow the battery voltage to deplete to a level much below silence
level 3.

In addition, in an alternative implementation, during the silence mode, the
battery voltage can continue to be monitored to determine whether the voltage
reaches Vs. If during the silence mode the voltage reaches Vs, the sound module can
exit the silence mode and return to the low battery warning mode, regardless of the
amount of time remaining in the silence period.

If desired, a larger or smaller number of silence levels could be used, and the
silence levels could be defined using different voltage levels than those described
herein. Further, a larger or smaller number of silence periods could be used. In
addition, a larger number of bits could be reader from whichever register 1s used, and

any register of the controller that increments or decrements in value could be used in
place of TimerO.
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Smoke detector 10

With respect to the smoke detector 10, the low battery silence period is
randomly determined based on a reading of the least significant two bits of Timer0
as set forth 1n the following table.

Low Battery Silence Period Determination (hours)

—

- TMRO:0:1 Silence Period
00 10|
o1 9
10 8 ‘
11 7

If desired, the low battery silence period for the detector 10 could also be
randomly determined based on the measured battery voltage Vbat and the silence
levels as discussed above with respect to the sound module.

In example embodiments, the smoke detector 10 does not have a voltage
level, Vs, at which the low battery alarm cannot be silenced. As a result, the user
can continue to silence the low battery alarm. An advantage of using a random time
period is that the user does not know how long the alarm will be silenced.

Therefore, 1f the user continues to silence the low battery alarm, the likelihood that
the silence period will end and the low battery warning will resound at a time of
day/night that is inconvenient to the user will increase. Due to this uncertainty, the
user 1s more likely to replace the battery as soon as possible, rather than continue
delaying replacement by silencing the low battery warning.

If desired, a larger or smaller number of silence periods could be used. In
addition, a larger number of bits could be reader from whichever register 1s used, and
any register of the controller that increments or decrements 1n value could be used in
place of TimerO.

Device operation !
Figure 3 illustrates the operation of the detector 10. It is to be realized that

the sound module 12 operates in a similar manner. Imtially, the detector 10 1s 1n a
main mode 60, where the detector 1s not in a low battery condition, the detector has
not sensed a hazardous condition and as a result 1s not in alarm, and the detector 10
1s not 1n a test mode. When the battery monitoring circuit 28 measures that the
battery voltage is less than or equal to Vlb, for example Vb is 7.5 V, the detector
enters low battery mode 62, and a low battery warning is issued on alarm circuit 24,
The detector 10 continues to monitor the battery voltage and, as long as the voltage

1s less than Vlb, will remain in low battery mode 62 as long as the test/silence button
30 1s not pressed.
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If the test/silence button 30 is pressed, the detector will enter a low battery
silence mode 64. The detector will remain in silence mode 64 until the silence
period ends, at which point it returns to low battery mode 62 and signals a low
battery alarm. In one embodiment, if the circuitry measures silence threshold Vs,
and the battery voltage reaches or is below Vs, the detector will return to low battery
mode 62 as 1llustrated in dashed lines in Figure 3. In another embodiment, instead
of returning to low battery mode 62, the detector will instead return to main mode 60
1f the test/silence button 30 1s pressed and the detector has not sensed a hazardous
condition.

If the user replaces the battery during the low battery mode 62, the voltage
will be measured by the circuit 28 as being above Vb, and the detector will return to
main mode 60. If the battery is replaced during silence mode 64, the detector will
remain 1n silence mode until the end of the silence period, then return to low battery
mode 62, and then return to main mode 60 when the voltage 1s measured by the
circuit 28 as being above Vlb.

The silence periods described herein are exemplary. The silence periods can
be longer or shorter than those described herein.
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WHAT IS CLAIMED IS:

1. A hife safety device, comprising:
a battery monitoring module configured to measure a voltage level of a
5  battery;
an alarm module configured to provide an alarm when the voltage level is
less than or equal to a low battery threshold; and
a silence module configured to silence the alarm for a random time period.

10 2. The device of claim 1, wherein the device includes a battery.

3. The device of claim 2, wherein the device is AC powered, and wherein the
battery 1s used as a backup power source.

15 4. The device of claim 1, wherein the device 1s a smoke detector or a carbon
monoxide detector.

5. The device of claim 1, wherein the device 1s a sound module.

20 6. The device of claim 1, wherein the random time period decreases as the
voltage level approaches a silence threshold.

7. A method of monitoring a voltage level of a battery in a life safety device,
the method comprising:
25 periodically measuring the voltage level of the battery;
providing an audible low battery warning when the voltage level of the
battery generally equals or is less than a low battery threshold; and
silencing the audible low battery warning for a random time period when the
voltage level of the battery 1s determined to be generally equal to or less than the low

30  battery threshold.

8. The method of claim 7, wherein the random time period decreases as the
measured voltage level approaches a silence threshold.

35 0. The method of claim 7, wherein the life safety device is a hazardous
condition detector including a battery as a power source.

10. The method of claim 9, wherein the hazardous condition detector 1s a smoke

detector or a carbon monoxide detector.
40

10
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11.  The method of claim 7, wherein the life safety device does not have

hazardous condition detection capability, and has a battery as a backup power
source.

12. The method of claim 11, wherein the device 1s a sound module.

13. A method of monitoring a voltage level of a battery in a life safety device,
the method comprising:

periodically measuring the voltage level of the battery;

entering a low battery mode when the voltage level of the battery generally
equals or 1s less than a low battery threshold, wherein the low battery mode includes
providing an audible low battery warning; and

entering a low battery silence mode by silencing the audible low battery
warning for a random time period when the voltage level of the battery is determined
to generally equal to or less than the low battery threshold.

14.  The method of claim 13, comprising returning to the low battery mode when
the random time period ends.

15. The method of claim 13, comprising returning to the low battery mode when
the measured battery voltage generally equals or 1s less than a silence threshold.

16. The method of claim 13, wherein the random time period decreases as the
voltage level approaches a silence threshold.

17. The method of claim 13, wherein the life safety device 1s a hazardous
condition detector with a battery as a primary power source.

18. The method of claim 17, wherein the hazardous condition detector 1s a
smoke detector or a carbon monoxide detector.

19.  The method of claim 13, wherein the life safety device does not have
hazardous condition detection capability, and has a battery as a backup power
SOUrce.

20. The method of claim 13, wherein the device 1s a sound module.

11
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