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MAN DOWN DETECTION FOR PERSONAL SAFETY ALARM DEVICE
CROSS-REFERENCE TO RELATED APPLICATIONS
{6001} Not applicable.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

{6002} Not applicable.
REFERENCE TO A MICROFICHE APPENDIX
{G003] Not applicable.
BACKGROUND
{6004} In hazardous work environments, users may carry gas detectors with them as they work,
to allow for detection of gas exposure. The gas detector may alert the user if exposure limits are
reached while the user is wearing the gas detector. Gas detectors may comprise interfaces for
communicating with the user, such as displays, lights, buzzers, and input buttons. Gas detectors may
be configured with settings for alarms, exposure lunits, display settings, light and buzzer settings,
etc.
SUMMARY
{6005] In an embodiment, a communication sysiern may comprise a detector device
comprising at least one sensor, and a piezo buzzer, and a mobile device carried by a user
comprising a microphone, wherein when an alarm is activated by the detector device, the piezo
buzzer generates an alarm signal, and wherein the mobile device is configured to receive the alarm
signal via the microphone, and identity the alarm based on the received alarm signal.
{6006] in an embodiment, 3 communication system may comprise a detector device carried by
a user comprising at least one sensor, a piezo buzzer, and a wireless module; and a mobile device

carried by the user comprising a wireless module, wherein the piezo buzzer is configured to detect
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the motion of the detector device, and therefore the motion of the user, wherein when an alarm is
activated by the detector device, the piezo buzzer generates an alarm signal, and wherein the
mobile device is configured to wirelessly receive alarm information from the detector device.
{6007} In an embodiment, a method for communicating an alarm from a detector device to a
mobile device may comprise detecting, by the detector device, that a gas level has exceeded a
threshold; activating, by the detector device, an alarm indicating the exceeded threshold;
generating, by a piezo buzzer of the detector device, an alarm signal; receiving the alarm signal via
a microphone of the mobile device; and identitying, by the mobile device, the alarm information
based on the received alarm signal.

BRIEF DESCRIPTION OF THE DRAWINGS
{0608] For a more complete understanding of the present disclosure, reference is now made to
the following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.
6009 FIG 1 illustrates a communication system according to an embodiment of the disclosure;
{6010} FIG. 2 illustrates another communication system according to an embodiment of the
disclosure; and
{6011} FIG. 3 illustrates a method for communicating an alarm from a detector device to a
mobile device according to an embodiment of the disclosure.

DETAILED DESCRIPTION

{6012} It should be understood at the outset that although illustrative implementations of one or
more embodiments are illustrated below, the disclosed systems and methods may be implemented
using any number of techniques, whether currently known or not yet in existence. The disclosure

should in no way be liratted to the ilustrative implementations, drawings, and techniques illustrated
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below, but may be modified within the scope of the appended claims along with their full scope of
equivalents.

6013} The tollowing brief definition of terms shall apply throughout the application:

{6014} The term “comprising” means including but not limited to, and should be interpreted in
the manner it is typically used in the patent context;

{0015] The phrases “in one embodiment,” “according to one embodiment,” and the like
generally mean that the particular feature, structure, or characteristic following the phrase may be
included in at least one embodiment of the present invention, and may be included in more than one
embodiment of the present invention (importantly, such phrases do not necessarily refer to the same
embodiment);

{6616} If the specification describes something as “exemplary” or an “example,” it should be
understood that refers to a non-exclusive example;

{6017} The terms “about” or “approximately” or the like, when used with a number, may mean
that specitic number, or alternatively, a range in proximity to the specific number, as understood by

persons of skill in the art field; and

{6018] if the specification states a component or feature “may,” “can,” “could,” “should,”
“would,” “preferably,” “possibly,” “typically,” “optionally,” “for example,” “often,” or “might” (or

other such language) be included or have a characteristic, that particular component or feature is not
required to be included or to have the charactenistic.  Such component or feature may be optionally
included in some embodiments, or it may be excluded.

{3019} Embodiments of the disclosure include methods and systems for communicating an
alarm and/or other information from a detector device to a mobhile device. Signals output from

detector devices are important for indicating danger or hazards during an emergency situation. When
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faced with a gas exposure accident or a dangerous environment, if the detector device is unable to

communicate with a control center or other outside supervisor, it is difficult to identify the dangerous

situation.
{06020} By utilizing a mobile device that is carried by the user, the signals from the detector

device may be communicated to a control center or supervisor. The detector device may generate
signals {which may comprise sounds, beeps, and/or short range wireless signals) that may be
received by the mobile device and forwarded on to the control center. Additionally, motion detectors
may monitor the motion of the user, and in some cases other sensors may monitor the physical state
of the user, and this information may be forwarded by the mobile device to the control center as well.
{6021} Referring now to FIG. 1, a communication systermn 100 is shown. The system 100 may
comprise a detector device 102, which may be a gas detector, where the detector device may
comprise one or more sensors 104 configured to sense information about the environment and/or the
user. The detector device 102 may also comprise one or more user interface elements 106, such as a
display and/or input buttons, as well as one or more indicators 108, such as lights, beepers, etc. In
some embodiments, the detector device 102 may comprise a piezo buzzer 110 configured to
generate one or more signals {or beeps). For example, when an alarm is activated by the detector
device 102 based on the input from the sensors 104, the piezo buzzer 110 may generate an alarm
signal.

06022} The communication system 100 may also comprise a mobile device 120 that may be
carried by a user. The mobile device 120 may comprise a microphone 124 configured to receive the
beeps or signals generated by the piezo buzzer 110. The mobile device 120 may also comprise a
wireless module 122, wherein the wireless module 122 may allow for wireless communication to

and from the mobile device 120. For example, the mobile device 120 roay wirelessly communicate
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with a control center 130, where a monitor or supervisor may receive information about the user
from the mobile device 120, In some embodiments, the beeps or signals received by the mobile
device 120 from the detector device 102 may be wirelessly forwarded from the mobile device 120 to
the control center 130,

{6023} In some embodiments, the piezo buzzer 110 of the detector device 102 may pertadically
generate a confidence signal that is received by the mobile device 120. The confidence signal may
indicate that the detector device 102 s operating and functional. When a confidence signal is not
recetved from the detector device 102, the mobile device 120 may identify a communication fault
between the detector device 102 and the mobile device 120. The communication fault may be caused
by many factors including loss of power, malfunctioning sensor{s), malfunctioning piezo buzzer,
etc. When a communication fault s identified by the mobile device 120, this inforration may be
indicated to the user, via the mobile device 120, and/or may be wirelessly communicated to the
control center 130, so that the detector device 102 may be inspected to determine the source of the
fault.

{6024} In some embodiments, when an alarm is indicated by the detector device 102 based on
the input from the sensors 104, the piezo buzzer 110 may generate an alarm signal or beep. ln some
embodiments, the piezo buzzer 110 may be configured to generate a plurality of different signals that
indicate different information. For example, different frequencies, patterns, or tones may be used to
communicate different signals. In some embodiments, the alarm sigoal can be an audible signal, a
sound signal (which may or may not be in the audible range}, or the like.

{(6025] The mobile device 120 may be contigured to receive these signals and identity an alarm,
alert, indication, or other information based on the received signal. In some embodiments, a look-up

table or other similar storage mechanism may be stored by the mobile device 120, wherein the
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signals generated by the detector device 102 may be associated with an alarm, alert, indication, or
other information in the look-up table. Then, the mobile device 120 may forward the determined
information to the control center 130. Alternatively, the signal received by the mobile device 120
from the detector device 102 may be processed by the mobile device 120 and forwarded to the
control center 130, where the control center 130 may access a look-up table to identify the alarm,
alert, indication, or other information associated with the signal.

{6026} In some embodiments, the piezo buzzer 110 of the detector device 102 may be
configured to monitor the motion of the detector device 102, such that when the detector device
102 is carried by a user, the piezo buzzer 110 monitors the motion of the user. In some
embodiments, the piezo buzzer 110 may be configured to identify when a user falls and/or when a
user 18 not moving. Changes in the signal from the piezo buzzer 110 may be correlated to the
motion of the user. So, in some embodiments, the piezo buzzer 110 may serve two functions:
monitoring the motion of the user, and generating alarm and confidence signals. In some
embodiments, the piezo buzzer 110 may be configured to generate a “man-down” alarm when a
fall and/or no motion is detected by the piezo buzzer 110,

{6027} ln some embodiments, the mobile device 120 may comprise a motion detector 126,
such as an accelerometer, that is configured to monitor the motion of the user when the mobile
device 120 is carried by the user. This motion information may be monitored to determine if a user
has fallen and/or if a user 1s no longer moving, and may be wirelessly communicated to the control
center 130,

{6028} The motion information may be combined with the sensor information from the
detector device 102 and communicated to the control center 130, where the control center 130 may

be configured to generate an overall assessment of a user based on the received information.
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6029} In some embodiments, the sensors 104 of the detector device 102 may comprise gas
sensors, temperature sensors, pressure sensors, humidity sensors, light sensors, and/or other
environmental sensors. In some embodiments, the sensors 104 of the detector device 102 may
comprise biometric sensors, such as heart rate monitors, temperature monitors, respiratory
monitors, etc.
10030} Referring now to FIG. 2, a similar communication systern 200 is shown comprising the
mobile device 120 and detector device 102, In the embodiment shown in FIG. 2, the detector
device 102 may comprise a wireless module 112, and may be configured to communicate
wirelessly with the mobile device 120. In some embodiments, the detector device 102 may be
configured to communicate with the mobile device 120 via short-range signals, such as Bluetooth,
radio frequency, and/or near field communication (NFC). In some embodiments, the mobile device
20 may be configured to wirelessly communicate using two or more communication protocols.
For example, the mobile device 120 may use short-range signals to communicate with the detector
device 102, wherein the devices may be in close proximity when they are carried by the user, and
the mobile device 120 may use long-range sigoals (such as cellular, Wi-Fi, etc.) to communicate
with the control center 130
{6031} In the embodiment shown in FIG. 2, the piezo buzzer 110 of the detector device 102
may be configured to monitor the motion of the detector device 102, such that when the detector
device 102 is carried by a user, the piezo buzzer 110 monitors the rootion of the user. In some
embodiments, the piezo buzzer 110 may be configured to identify when a user falls and/or when a
user is not moving. Changes in the signal from the piezo buzzer 110 may be correlated to the

motion of the user. In some embodiments, the detector device 102 may communicate a
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“man-down” signal to the mobile device 120 when a fall and/or no motion is detected by the piezo
buzzer 110,

06632] In some embodiments, the mobile device 120 may comprise a motion detector 126,
such as an accelerometer, that is configured to monttor the motion of the user when the mobile
device 120 is carried by the user. This motion information may be monitored to determine it a user
has fallen and/or if a user is no longer moving, and may be wirelessly communicated to the control
center 130,

{(6033] Referring to FIG. 3, a method 300 for communicating an alarm from the detector
device 102 to the mobile device 120 1s shown. At step 302, the gas detector may generate a
confidence signal when the detector device 102 is powered on. The confidence signal may be
generated pertodically through the operation of the detector device 102, Generating the confidence
signal may comprise activating a piezo buzzer 110. Generating the confidence signal may
comprise wirelessly communicating with the mobtile device 120.

6034} At step 304, the detector device 102 may detect gas levels {and/or other environmental
information). If the detected levels exceed a predefined threshold, at step 306, the detector device
may indicate an alarm and generate an alarm signal. Generating the alarm signal may comprise
activating a piezo buzzer 110, Generating the alarm signal may comprise wirelessly
communicating with the mobile device 120

{0035] At step 310, the mobile device 120 may receive signals from the detector device 102
Receiving the signals may comprise recetving, via a microphone 124, sounds from the piezo
buzzer 110. Receiving the signals may comprise wirelessly receiving the signals from the detector
device 102. At step 312, when it is determined that a confidence signal has been received from the

detector device 102 (within a predetined time period), the mobile device 120 may continue
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recetving signals from the detector device 102. When it is determined that a confidence signal has
not been recetved from the detector device 102 (within a predefined time period), at step 314, the
mobile device 120 may identify a communication fault with the detector device 102,

{6036} At step 316, when it is determined that an alarm signal has not been received from the
detector device 102, the mohile device 120 may continue receiving signals from the detector
device 102. When it is deternuned that an alarm signal has been received from the detector device
102, at step 318, the mobile device 120 may initiate man-down detection. In some embodiments, at
step 308, the detector device 102 may complete the man-down detection via the piezo buzzer 110.
In some embodiments, the mobile device 120 may comprise a2 motion detector 126 and may
complete the man down detection.

{06637} At step 320, the information received by the mobile device 120 and/or generated by the
mobile device 120 may be forward, or transmitted, wirelessly to a control center 130,

{3038] In a first embodiment, a communication system may comprise a detector device
comprising at least one sensor, and a piezo buzzer; and a mobhile device carried by a user
comprising a microphone, wherein when an alarm 18 activated by the detector device, the piezo
buzzer generates an alarm signal, and wherein the mobile device is configured to receive the alarm
signal via the microphone, and identify the alarm based on the received alarm signal.

{6039} A second embodiment can include the system of the first embodiment, wherein the
mobile device further comprises a wireless module, and wherein the mobile device 1s configured to
wirelessly communicate the alarm information to a control center.

{3040} A third embodiment can include the system of the first or second embodiments,

wherein the piezo buzzer is further configured to periodically generate a confidence signal indicating
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that the detector device is operating, and wherein the mobile device is configured to receive the
confidence signal via the microphone.

{6041} A fourth embodiment can include the system of any of the first to third embodiments,

to detect motion of the detector device, and therefore the motion of the user.

6042} A fifth embodiment can include the system of the fourth embodiment, wherein the
detector device is configured to communicate a first alarm to the mobile device indicating that a gas
level threshold has been exceeded, and to communicate a second alarm to the mobile device based
on the motion detection by the piezo buzzer.

{6043} A sixth embodiment can include the system any of the first to fifth embodiments,
wherein the mobile device 1s further configured to detect the motion of the mobile device, and
therefore the motion of the user.

{6044] A seventh embodiment can include the system of any of the first to sixth embodiments,
wherein the piezo buzzer is configured to generate a plurality of signals that indicate different
information to the mobile device.

{6045] in an eighth embodiment, a communication system may comprise a detector device
carried by a user comprising at least one sensor, a piezo buzzer, and a wireless module; and a
mobile device carried by the user comprising a wireless module, wherein the piezo buzzer is
configured to detect the motion of the detector device, and therefore the motion of the user,
wherein when an alarm is activated by the detector device, the piezo buzzer generates an alarm
signal, and wherein the mobile device is configured to wirelessly receive alarm information from

the detector device.

10



WO 2018/044331 PCT/US2016/050312

{8046} A ninth embodiment can include the system of the eighth embodiment, wherein the
detector device is configured to pertodically generate a confidence signal indicating that the detector
device is operating, and wherein the mobile device wirelessly receives the confidence signal.
{6047} A tenth embodiment can include the system of the eighth to ninth embodiments,
wherein the wireless module of the detector device and the wireless module of the mobile device
comprise Bluetooth modules.

{6048} An eleventh embodiment can include the system of any of the eighth to tenth
embodiments, wherein the wireless module of the detector device and the wireless module of the
mobile device comprise near-field communication (NFC) modules.

{6049} A tweltth embodiment can include the system of any of the eighth to eleventh
embodiments, wherein the detector device is configured to communicate a first alarm to the mobile
device indicating that a gas level threshold has been exceeded, and to communicate a second alarm
to the mohile device based on the motion detection by the piezo buzzer.

{0050} In a thirteenth embodiment, a method for communicating an alarm from a detector
device to a mobile device may comprise detecting, by the detector device, that a gas level hag
exceed a threshold; activating, by the detector device, an alarm indicating the exceeded threshold;
generating, by a piezo buzzer of the detector device, an alarm signal; receiving the alarm signal via
a microphone of the mobile device; and identifying, by the mobile device, the alarm information
based on the received alarm signal.

{6051} A fourteenth embodiment can include the method of the thirteenth embodiment, further
comprising wirelessly communicating, by the mobile device, the alarm information to a control

center.

i
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{8052} A fifteenth embodiment can include the method of the any of the thirteenth to
fourteenth embodiments, further comprising generating, by the piezo buzzer of the detector device,
a periodic confidence signal that indicates that the detector device 15 operating; and receiving the
confidence signal via the microphone of the mobile device.

{B053] A sixteenth embodiment can include the method of any of the thirteenth to fifteenth
embodiments, wherein the detector device is carried by a user, and wherein the method turther
comprises detecting, by the piezo buzzer, the motion of the detector device, and therefore the motion
of the user.

{8054} A seventeenth embodiment can include the method of the sixteenth embodiment,
wherein the detector device is configured to communicate a first alarm to the mobile device
indicating that a gas level threshold has been exceeded, and to communicate a second alarm to the
mobile device based on the motion detection by the piezo buzzer.

{B0S5] An eighteenth embodiment can include the method of any of the thirteenth to
seventeenth embodiments, wherein the mobile device is carried by a user, and wherein the method
further comprises detecting, by the mobile device, the motion of the mobile device, and therefore the
motion of the user.

{8056} A nineteenth embodiment can include the method of any of the thirteenth to eighteenth
embodiments, further comprising generating, by the piezo buzzer, a plurality of signals that indicate
different information to the mobile device.

{6057} A twentieth embodiment can include the method of any of the thirteenth to nineteenth
embodiments, further comprising detecting, by one or more sensors, biometric information of the

user; and receiving, by the mobile device, an indication of the biometric information of the user.
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{6058} While various embodiments in accordance with the principles disclosed herein have
been shown and described above, modifications thereof may be made by one skilled in the art
without departing from the spirit and the teachings of the disclosure.  The embodiments described
herein are representative only and are not intended to be huniting.  Many variations, combinations,
and modifications are possible and are within the scope of the disclosure.  Alternative embodiments
that result from combining, integrating, and/or omitting features of the embodiment(s) are also
within the scope of the disclosure.  Accordingly, the scope of protection is not limited by the
description set out above, but is defined by the claims which follow, that scope including all
equivalents of the subject matter of the claims. Each and every claim is incorporated as further
disclosure into the specification and the claims are embodiment(s) of the present invention(s).
Furthermore, any advantages and features described above may relate to specific embodiments, but
shall not limit the application of such issued claims to processes and structures accomplishing any or
all of the above advantages or having any or all of the above features.

{6059} Additionally, the section headings used herein are provided for consistency with the
suggestions under 37 CF R. 1.77 or to otherwise provide organizational cues.  These headings shall
not limit or characterize the jnvention{s) set out in any claims that may issue from this disclosure.
Specifically and by way of example, although the headings might refer to a “Field,” the claims
should not be limited by the language chosen under this heading to describe the so-calied field.
Further, a description of a technology 1n the “Background” is not to be construed as an admission
that certain technology is prior art {0 any invention{s) in this disclosure. Neither is the “Summary”
to be considered as a limiting characterization of the invention{s) set forth in issued claims.
Furthermore, any reference in this disclosure to “invention” in the singular should not be used to

argue that there 153 only a single point of novelty in this disclosure.  Multiple inventions may be set

13
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forth according to the limitations of the multiple claims issuing from this disclosure, and such claims
accordingly define the invention(s), and their equivalents, that are protected thereby. In all
instances, the scope of the claims shall be considered on their own merits 1o light of this disclosure,
but should not be constrained by the headings set forth herein.

>

{(3060] Use of broader terms such as “comprises,” “includes,” and “having” should be

understood to provide support for narrower terms such as “consisting of)” “consisting essentially

2% 4k

of,” and “comprised substantially of” Use of the terms “optionally,” “may,” “might,” “possibly,”
and the like with respect to any element of an embodiment means that the element is not required, or
alternatively, the element is required, both alternatives being within the scope of the embodiment(s).
Also, references to examples are merely provided for llustrative purposes, and are not intended to be
exclusive.

{6061} While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods may be embeodied in many other specific forms
without departing from the spirit or scope of the present disclosure.  The present examples are to be
considered as lustrative and not restrictive, and the intention 1s not to be hinuted to the details given
herein. For example, the various elements or components may be combined or integrated in
another system or certain features may be omitted or not implemented.

[0062] Also, techniques, systems, subsystems, and methods described and ilustrated in the
various embodiments as discrete or separate may be combined or integrated with other systems,
rmodules, techniques, or methods without departing from the scope of the present disclosure.  Other
items shown or discussed as directly coupled or communicating with each other may be indirectly
coupled or communicating through some interface, device, or intermediate component, whether

electrically, mechanically, or otherwise. Other examples of changes, substitutions, and alterations

14
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are ascertainable by one skilled in the art and could be made without departing from the spirit and

scope disclosed herein.

15
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CLAIMS
What is claimed is:
1. A communication system (100} comprising:
a detector device (102) comprising at least one sensor (104}, and a ptezo buzzer (110); and
a mobile device {120} carried by a user comprising a microphone (124},
wherein:
when an alarm 1s activated by the detector device (102), the piezo buzzer (110) generates an
alarm signal, and
the mobile device (120) is configured to receive the alarm signal via the microphone (124),

and identify the alarm based on the received alarm signal.

2. The system (100} of claim 1, wherein the mobile device (120) further comprises a wireless
module (122), and wherein the mobile device (120} is configured to wirelessly communicate the

alarm information to a control center {130).

3. The system (100} of claim 1, wherein the piezo buzzer (110} 1s further configured to periodically
generate a confidence signal indicating that the detector device (102} is operating, and wherein the

mobile device (120} 1s configured to receive the confidence signal via the microphone (124).

4. The system {100} of claim 1, wherein the detector device (102) is carried by the user, and wherein

the piezo buzzer (110) is further configured to detect motion of the detector device (102), and

therefore the motion of the user.

16
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5. The system (100} of claim 4, wherein the detector device (102} is configured to communicate a
first alarm to the mobile device (120} indicating that a gas level threshold has been exceeded, and to
communicate a second alarm to the mobile device (120) based on the motion detection by the piezo

buzzer (110}

6. The system (100) of claim 1, wherein the mobile device (120} is further contigured to detect the

ruotion of the mobile device (120), and therefore the motion of the user.

7. The system (100) of claim 1, wherein the piezo buzzer (110} is configured to generate a plurality

of signals that indicate different information to the mobile device (120}

17
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8. A method for communicating an alarm from a detector device to a mobile device, the method

cOmprising:

detecting, by the detector device, that a gas level has exceed a threshold;
activating, by the detector device, an alarm indicating the exceeded threshold,;
generating, by a piezo buzzer of the detector device, an alarm signal;
receiving the alarm stgnal via a microphone of the mobile device; and

tdentifying, by the mobile device, the alarm information based on the received alarm signal.

9. The method of claim 8, further comprising wirelessly communicating, by the mobile device, the

alarm information o a control center.

10. The method of claim 8, further comprising:
generating, by the piezo buzzer of the detector device, a periodic confidence signal that
indicates that the detector device is operating; and

receiving the confidence signal via the microphone of the maobile device.

11, The method of claim 8, wherein the detector device is carried by a user, and wherein the method
further comprises detecting, by the piezo buzzer, the motion of the detector device, and therefore the

motion of the yser.

12. The system of clairo 11, wherein the detector device is configured to communicate a first alarm

to the mobile device indicating that a gas level threshold has been exceeded, and to commumicate a

second alarm to the mobile device based on the motion detection by the piezo buzzer.

18
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13. The method of claim 8, wherein the mobile device is carried by a user, and wherein the method
further comprises detecting, by the mobile device, the motion of the mobile device, and therefore the

motion of the user.

14. The method of claim 8, further comprising generating, by the piezo buzzer, a plurality of signals

that indicate different information to the mobiie device.

15. The method of claim &, further comprising:

detecting, by one or more sensors, biometric information of the user; and

receiving, by the mobile device, indication of the biometric information of the user.
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