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plurality of gas level measurements, a five-minute aver-
age gas level, in response to determining that the five-
minute average gas level exceeds an instantaneous ex-
posure threshold, issuing a dangerous exposure alert at
the wearable device, determining, from the plurality of
gas level measurements, a rate of change for the gas
level, and in response to determining that the rate of
change indicates the gas level is decreasing, disabling
the dangerous exposure alert.
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PERSONALIZED WEARABLE GAS SENSQOR

5 PRIORITY APPLICATION
{0001}  This application claims the benefit of priority 1o U S, Application
Serial No. 14/970,122, filed December 15, 2015, which is incorporated herein by

reference in its entirety.

10 BACKGROUND
[0002] According to some technical analysts, there will be over 50 billion
connecied “things” by the year 2020. This will compleiely transform current
mirastructures and will drnive new innovations in industry, products, and
serviges. Internet-of-Things (IoT) 1s term that represents devices and systems

15  that communicate over a network, such as the intemet. The devices and sysiems
may mclude sensors.
[0003] Exposure to certain gasses s detrimental to human health. Depending
on the tevel and duration of exposure, significant health effects may be incurred,
up to and mcluding death. Exposure to these gasses occurs when individuals are

20 in proxinuty to sources of the gas. Sensors are used to measure gas

concentrations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] In the drawings, which are not necessarily drawn {o scale, hike
25  numerals may describe similar components in different views. Like mumerals
having different letter suffixes may represent different instances of simular
components. The drawings iHustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the present document.
{00605] FIG. 1 illustrates a user initiated gas level update process flow in
30 accordance with some embodiments.
[0006] FiG. 2 illustrates an instantaneous exposure level warning process
flow in accordance with some embodiments.
[B007] FIG. 3 ilustrales an acute exposure level warning process flow in

accordance with some embodunents.
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{0008] FIG. 4 illustrates a chronic exposure level warning process flow in
accordance with some embodiments.

[00069] FIG. S illustrates a flowchart showing a technigue for determining a
personalized gas level exposure in accordance with some embodiments.

{0018} Fi(3. 6 illustrates a wearable device including a gas sensor in
accordance with some embodiments.

{0011} FIG. 7 illustrates generally an exarople of a block diagram of a
machine upon which anv one or more of the techniques (e g., methodologies)

discussed herein may perform in accordance with some embodiments.

DETAILED DESCRIPTION
[0012] Internet-of-Things (IoT) devices, such as wearable devices, and
mobile devices, such as mobile phones, are increasingly being used to dehiver
personalized data to users. One type of wearable device may measure alocal gas
level for a user. The gas level may be a personalized gas level when the wearable
device is worn by a user over time. A wearable device may measure one gas or a
plurality of gasses, and may have other uses as well, such as a heart rate monitor,
waich, etc. The wearable momitor described in various emnbodiments below
details a carbon monoxide (CO) gas monitor. Other gasses may be monitored by
a wearable monitor, such as carbon digxide, natoral gas, or the like.
{0013} Carbon monoxide {CO) is a colorless, odorless, and tasteless gas that
is slightly fess dense than air. CO is one type of dangerous gas that may be
detrimental to the health of humans. For example, depending on the level and
duration of CO exposure, significant health effects may be experienced,
mcluding death. Exposure to CO may occur when individuals are in proximity to
CO sowrces, such as combustion appliances, open fires, automobiles, efc.
[0014] Limiting long term exposure to low levels of CO may have
significant positive irapacts on human health, inclhuding reduced
carboxvhemoglobin levels, reduced impacts to cardiovascular tissue, and
reduced negative impact on birth weight. Instanianeous exposure {e.g., around
one 1o fifteen minutes) to high levels of CO may be deadly.
[6015] Many embodiments of sensors may be used to measure CO. Simple
devices exist for alerting a user of the presence of CO based on a binary logic
scheme {g.g., when a single value is exceeded for a specified average interval, a

2
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tone is sounded). Other continuous monitoring svstems exist that provide
continuous {0 concentration measurements that may be read and understood by
properly tramned users.

[0015] These example systems fail {o provide more than the single function

of binary alerting or use complicated mechanisms that need trained users. A

(¥2]

simplified commumication system for continnous CO measurements is deseribed
below. The notification scheme addresses multiple dimensions of user exposure
and may include one or more of the following: (1) waming a user of extreme
exposure events, (2) providing useful feedback to a user action that may mutigate

10 or exacerbate the user’s exposure to C0, (3) giving information about the long
term exposure of the user to CO, (4) incorporating the scientific
recomunendations for limiting CO exposure, and {5) working within the confines
of a simple user interface.
{0017} The logic scheme and user interface described below may be used in

15 a0 sensing embodiment, such as a wearable CO sensing embodiment. The
fogic scheme and user interface may provide alerts and information to the user
based on recommended level thresholds through a simple and miuitive user
mterface.
[0018] In an example, a wearable device mav include visual or auditory

20 alerting of instantaneous exposure {g.g., a one 1o fifteen minute average} to high
tevels of carbon monoxide, visual or auditory alerting of acute exposure {e.g., a
fitteen minute to eight hour average} to levels of carbon monoxide that exceed
recommended ievels, or visual or auditory alerting of fong term or chronic
exposure {(e.g., a twelve-hour 1o twenty~-four-hour average) that exceed

25 recommended levels.
[0019] In an example, a wearable device may provide simple and robust
feedback 10 a user to indicate the efficacy of user actions taken to lower CO
exposure. In another example a wearable device may provide a logical scheme
for keeping track of exceedance of recommended guideline levels as well as a

30 simplified notification scheme for communicating this information to an
untraimed user. For example, a wearable device may indicate o a user the
efficacy of actions taken by the user after the user has been alerted to a

heightened level of CO in the user’s proximity.
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[0020] Some devices exist that provide a binary alerting for instanianeous
exposure (e.g., a one {o fiffeen minuie average) to high levels of CO, such as
sounding an alert when an average CO level exceeds 70 parts per mullion (ppm).
Because these devices are stationary {e.g., in a home or office building) and

because they cannot keep track of the changes in CO concentration in a user’s

(¥2]

immediate vicinity, these devices are unable to provide relevant feedback to the
user 1f and when the user has taken action to mitigate the user’s personal
exposure to CO (e.g.. by going outside or otherwise vacating the premises). The
wearable devices described herein provide an initial alert to elevated CO levels

10 and may give detailed insiruciions or feedback {0 a user based on changes in CO
fevels as measured by a CO sensor on the wearable device. Other stationary
davices exist to continuously monitor CO. These devices may be used to
calculate various averages of CO (e.g., fifteen minuie, one houwr, eight hour, and
twenty-four hour) to be compared to exposure standards. The computation and

15 tracking of these averages for current devices 15 usually performed by trained
personal and are not obvious for unirained end users.
{0621} The wearable devices described herein provide the CO average and
count the number of exceedances in a given period to effectively and simply
mnform a user about the exceedance of CO exposure standards.

20 [0022] In an example, a wearable device may provide a logical scheme for
tracking exceedances of recommmended exposure levels. Air quality standards for
CO are developed by reviewing epidemiological studies and are issued,
published, or endorsed by regulatory and advisory institutions. For example, the
Environmental Protection Agency (EPA) in the United States issues National

25 Ambient Air Quality Standards (NAAQS) that include CO guidelines. The
World Health Organization {WHO) also puts out recommendations for limiting
acute and chronic exposure to CO. The wearable devices discussed herein may
be based on WHO guidelines for CO exposure himits, such as WHO Guidelines
for Indoor Air Quality: Selected Pollutants, 2010, WHO, ISBN 978 92 890 (213

30 4. Other gudelines from other organizations may be used with the wearable
devices to alert a user about unsafe CO levels.
{6023} o an example, four use cases may be implemented individually or in
combination in a wearable device. The first use case includes providing a user
with a user interface that allows for the user to easily and simply ascertain a
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current relative level of CO for the user. The second use case includes providing
a user with an alert immediately and continuously when CO levels reach above a
threshold where death may occur from exposure to CO. The third use case
mcludes alerting a user when the recommended CO levels for maintaining
wellbeing are exceeded, and providing the user with prompis that are
dvnamically updated based on the measured changes in CO concentration. The
fourth use case includes providing a user with information regarding exceedance
of a fong term or chronic CO exposure.

{00624} FIG. 1 illustrates a user initiaied gas level update process flow 100 in
accordance with some embodiments. In an example, FIG. 1 corresponds to the
first use case introduced above to allow a user to ascertain a current CO level at
a wearable device. In an example, a user may find out what the current CO level
is by initiating an interaction with the device. In an example wearable device, a
user may press a hardware button, the wearable device may receive an indication
that the button is pressed 102, and the device may respond based on a function of
fifteen-minute averages of recent CO measurements at block 108. The wearable
device may include a battery. The wearable device may determune at block 104,
whether the batterv is currently functioning, for example, has more than 5%
power, or has any power. When the battery is functioning, the process flow 100
may move to block 108. When the battery is not functioning or is fow, the
wearable device may mdicate, at block 106, that the batterv is low or may not do
anvthing if the battery is completely drained.

{0025} in an example, at block 108, the wearable device may determine a
fifteen minute average measurement value for the previous {ifteen minutes’
worth of CO measurements. A single CO measurement value may be susceptible
to false positives or false negatives and may not be as reliable as an average
measurement value. The fifleen minute average measurement value from block
108 may be compared {0 various thresholds on a range to determine an output.
For example, a lower threshold and an upper threshold may be defined. When
the fifteen mimute average measurement value exceeds the lower threshold, it
may indicate the start of a potential issue for unsafe gas levels. When the fifteen
ninufe average measurement value exceeds the upper threshold, it may indicate
a potentially serious issue or a developing serious unsafe gas level Inan
exampie, the lower threshold and upper threshold may be determined from

¢
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standards. For example, the lower threshold may include 57 ppm of CO gas and
the upper threshold may include 73 ppm of CO gas.

{0626} The {ifteen minute average measurement value compared to the two
thresholds may trigger activity, such as an alert, at the wearable device. For

exampie, when the fifteen minude average measurement value is fess than 57

(¥2]

ppm, the wearable device may cause an LED to blink green at block 110,
mdicating that the current air is acceptable. When the fifieen munute average
measurement value is between 57 and 73 ppm, the wearable device may cause
an LED to blink vellow at block 112, indicating that the current air is potentially
10 harmful. When the fifteen minute average measurement value is above 73, the
wearable device may cause an LED to blink red at block 114, indicating that the
current air is harmful. Other alerts may include audible warnings or statements,
haptic feedback, written warnings or picture warnings displayed on a user
mterface, or the like. In another example, different thresholds {e.g., 30 ppm and
15 &0 ppm} or different numbers of thresholds (e g, three, four, five, etc.) may be
used. For different numbers of thresholds, additional aleris for different ranges
may be used, such as below a first threshold, between the first and a second
threshold, between the second and a third threshold, and above the third
threshold. In yet another example, the fifteen nunute average measurement value
20 may include a weighting factor, and an alert may include an mdication that a CO
gas level at the wearable device is increasing or decreasing, in addition o, or
instead of, the alerts described above.
{6627} FIG. 2 illustrates an instantaneous exposure level waming process
flow 200 1n accordance with some embodiments. In an example, FIG. 2
25  corresponds fo the second use case introduced above to alert a user to an
mstantaneous exposure at a wearable device. In an example wearable device, the
process flow 200 may be used to alert a user to a personalized instantaneous
exposure alert for a dangerous gas exposure, such as CO. The wearable device
may continuously monitor a five-minute average of recent CO measurements at
30 block 202. The wearable device may determine, at block 202, if the five-minute
average of recent CO measurements exceeds an instantaneous exposure
threshold. The instantaneous exposure threshold may be predetermined, such as
from a standard, to be 200 ppm. When the five-minute average of recent CO

measurements falls below the instantaneous exposure threshold, the wearable
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device may do nothing at block 204, and continue to monitor the gas level.
When the five-mimute average of recent {0 measurements exceeds the
mstantaneous exposure threshold, the wearable device may alert the user to the

very dangerous CO level, such as with a visible, audible, or haptic alert af block

(¥2]

206. For example, the alert may include a fast blinking red LED. Process flow
200 may run autonomously in the background (1.e., without user intervention} to
automatically detect instantaneous exposure to a dangerous CO level,
[0028] The wearable device may determine whether the CO level continues
o exceed the instantaneous exposure threshold at block 208, When the C0 level
10 no longer exceeds the instantaneous exposure threshold, the wearable device
may indicate to the user that the air 15 clear at block 210. For example, the
wearable device may blink a green LED when the five-nunute average of recent
CO measurernents is below the instantaneous exposure threshold. When the CO
evel continues to exceed the instantanecus exposure threshold, the wearable
15 evice may issue an alert at block 212. The alert at block 212 may be, for
example, a warning that continued exposure to the current CO level may result
in death. After the alert at block 212 1s issued, the wearable device may
determine from a slope of a plurality of five-nunute averages of recent CO
measurements whether the air is improving (i.e., the CO level 15 decreasing), or
20 notimproving (e, the CO level is increasing or staving the same) at block 214
in an example, the slope mav be compared to a slope threshold, such as -16
pprvy/minute to determine if the slope indicates the air 1s sufficiently improving.
When the air is improving, the wearable device may disable an active LED or
issue an audible alert, such as a notification indicating that the air is improving at
25  block 216. Even though the air is improving, the CO level may still be at a
dangerous level, so after block 216, the process flow may iterate at biock 208,
[25] When the air 1s not improving, the wearable device may add an
auditory alert to the visual alert {e. g, red LED). The auditory alert may be in the
form of loud beeps or a voice warning to get to better air immediately. The
30 process flow 200 may iterate when the air is not improving, at block 208. As
long as the five-minute average of recent CO measurements remains above a 200
ppm, the wearable device may continue to issue an alert. fn an example, every
five minutes, the wearable device may re-chack the five-minute average of
recent CO measurements to determine whether the absolute level has decreased

7
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or whether the slope indicates the air is improving. If the slope is staying the
same or increasing, this may indicate that the user of the wearable device is not
getting o clean air fast enough. The wearable device may continue blinking a
red LED, sounding loud beeps, or emitting a voice warning when the air 1s not

improving. If the slope is decreasing, this may indicate that the user has moved

(¥2]

to cleaner air. The wearable device may play a voice message acknowledging
this improvement, such as for three minutes. The wearable device may disable
the red LED. If the five-mimute average of recent CO measurements {e.g., the
absohite value) decreases below 200 ppm, this may indicate that the user has

10 been in cleaner air for a while. The wearable device mayv play a pleasant chime
io indicate this, and may exit the instantaneous exposure alert process flow 200,
{0030} FIG. 3 illustrates an acute exposure level warning process flow 300 in
accordance with some embodiments. In an example, FIG. 3 corresponds to the
third use case introduced above 1o alert a user to an acute exposure. o an

15 example wearable device, the process flow 300 may be used to alertauserto a
personalized acite exposure alert. The wearable device may continuousiy
mounttor a fifteen-minute average of recent CO measurements to determine
whether the fifteen-minute average of recent CO measurements exceeds the
acute exposure threshold at block 302, When the fifteen-minute average of

20 recent CO measurements exceeds an acute exposure threshold, the wearable
device mayv alert the user at block 306. When the fifteen-minute average of
ecent CO measurements falls below the threshold, the process flow 300 may
include doing nothing at block 304, The process flow 300 mayv then be repeated
fifteen minutes later. Process flow 300 may run astonomously in the background

25 {i.e., without user intervention) 1o automatically detect acute exposure (o a
potentially dangerous CO level.
[0031] The acute exposure threshold may be predetermined from a standard,
and may inclade 57 ppm CO gas, in an example. The wearable device may
ecord a new exceedance when the acute exposure threshold is exceeded by the

30 fifteen-nmuimute average of recent CO measurements. The wearable device may
alert the user to the acute exposure threshold exceedance as a moderaie CO level
present in the user’s air environment. For example, block 306 may include a

slow blinking yvellow LED.
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{0032} In an example, the process flow 300 may include determining, at
block 308 if the fifteen-minute average of recent CO measurements continues o
exceed the acute exposure threshold. When the CO level no longer exceeds the
acute exposure threshold, the wearable device may indicate to the user that the

air is clear at block 310. For example, the wearable device may blink a green

(¥2]

LED when the fifteen-minute average of recent CO measurements 15 below the
acute exposure threshold.
{0033} When the fifieen-minute average of recent CO measurements exceeds
the acute exposure threshold, the wearable device may determine, from a slope

10 of aplurality of fifteen-minute averages of recent CO measurernents, that the air
is improving (i.e., the CO level 1s decreasing), or the air 15 not improving (i.e.,
the CO level is increasing or staying the same) at block 312 In an example, the
slope may be compared to a slope threshold, such as -14 ppmy/minute to
determine if the slope mndicates the air 1s sufficiently improving. When the air 1s

15 improving, the wearable device may disable an active LED or issue an audible
alert, such as a notification indicating that the air is improving at block 320.
Even though the air 1s improving, the CO level may still be at a problematic
level, so after block 320, the process flow may iterate at block 308,
[0034] When the air 1s not improving, the wearable device may issue an

20 auditory alert or a visual alert {e.g., the vellow LED) at block 314. The auditory
alert may be i the form of beeps or a voice warning that the air is still bad. The
process flow 300 may iterate when the air is not improving, at block 308. Before
iterating at block 308, the wearable device may determine if the alert of block
314 has been on for more than a predetermined amount of ime {e.g., 20

25  nunutes) at block 316, For example, block 316 may include determining whether
the alert of block 314 was first issued more than the predetermined amount of
time before a curvent time. Tn another example, block 316 may include
determining whether the alert of block 314 has 1ssued more than a predetermined
number of times {e.g, issue the alert at block 314, then determine how many

30 iimes the alert has been issued, and if it exceeds the predetermined number of
times, for example, five times).
[0035] As long as the fifteen-roinute average of recent CO measurements
remains above the acute exposure threshold, the wearable davice may continue

to issue an alert, until the alert is on for more than the predetermined amount of

9
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time. If the alert is on for more than the predeternuned amount of fime, the
process flow may nclude stopping the warmings at block 318. Block 318 may
mclude issuing an audible alert or visual alert regarding the continued danger.
Block 318 may indicate that the alert is shutting off, such as to conserve battery.

In an example, the predetermined amount of time may be user configurable.

(¥2]

[0036] In an example, every fifteen minutes, the wearable device may re-
check the fifteen-moinute average of recent CO measurements to determine
whether the absolute level has decreased or whether the slope indicates the air is
improving. If the slope is staving the same or increasing, this may indicate that

10 the user of the wearable device 1s not getting to clean air fast enough. The
wearable device may continue the vellow blinking of an LED, loud beeps, or a
voice waming when the air 1s not improving.
[8037] If after fifieen mumutes, the wearable device determunes that the CO
evel 1s staving the same or increasing {(e.g., by measuring the slope), the

15 wearable device may change the visual alert, such as changing a vellow blinking
LED to ared blinking LED. The wearable device may play a voice warning
about the bad air.
[6038] If the slope is decreasing, this may mdicate that the user has moved to
cleaner air, such as by visual, audible, or haptic feedback The wearable device

20 may play a voice message or chimes acknowledging this improvement, such as
one to two chime tones. The wearable device may disable the red LED. If the
fifieen-minute average of recent £ measurements {e.g , the absohute value)
decreases below 57 ppm, this may also be used to indicate that the user has been
in cleaner air for a while. The wearable device may play a pleasant chime to

25  indicate this, and may exit the acute exposure alert process flow 300,
{0039} FIG. 4 illustrates a chronic exposure level waming process flow 400
i accordance with some embodiments. In an example, FIG. 4 corresponds to the
fourth use case introduced above to alert a user to a chronic exposure. In an
exampie wearable device, the procass flow 400 may be used to alerta userto a

30 personalized chronic exposure alert. The wearable device may monitor a twenty-
four-hour average of recent CO measurements at block 402. The wearable
device may deternune whether the chronic exposure threshold is exceeded by the
twenty-four-hour average of recent CO measurements, such as at a

predetermined time each day. For example, at 3:00 AM each day, the wearable

10
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device mav determine whether the twenty-four-hour average of recent CO
measurements, exceeds the chronic exposure threshold. In an example, the
chronic exposure threshold may be determined from a standard. The chronic
exposure threshold may include 5.17 ppm CO gas. The wearable device may log
the number of times the twenty-four-hour average of recent CO measurements
exceeds the chronic exposure threshold at block 406. The wearable device may
deternmiune, if in the past seven days, for example, there are any incidents of the
twenty-four-hour average of recent CO measurements exceeding the chronic
exposure threshold at block 408. If the incidents occurred more than a specified
number of times {e.g., three days out of the previous seven), the process flow
400 may include issuing an alert at block 410, The alert at block 410 may
mnclude an indication that levels of CO gas were higher than usual or that the CO
gas levels may become problematic. If the inaidents occurred fewer than the
specified number of times, the wearable device may do nothing or may indicate
that the air was clear for the previous week. The process flow 400 may be
iterated at block 402, such as each day at a given time. Process flow 400 may run
autonomously in the background (i.e., without user intervention) to
automatically detect chronic exposure to a potentially dangerous CO level.
{0040} The above use cases may be used separately or combined in any way.,
For example, a wearable device may issue an acute exposure alert for a CO level
above an acute exposure threshold using a fifteen-minute average of recent CO
measurements. Five munutes later, the CO level determined from a five-minuie
average of recent CO measurements may exceed an insiantaneous exposure
threshold, and the wearable device may issue an instantaneous exposure alert. In
another example, a user mayv press a hardware button on a wearable device to
receive a current CO level status. If the status indicates that the CO level exceeds
an upper threshold, the wearable device may ndicate such, and then initiate an
acute exposure alert if a fifteen-minute average of recent CO measurements
exceeds an acute exposure threshold. In vet another example, a wearable device
may determine that a chronic exposure threshold has been exceeded more than a
spect{ied number of times 1 a week. A user may then press a hardware buiton
on the wearable device to receive a current CO level status. The current CO level
status may indicate that the current €O level is below a lower threshold and safe.
This may provide the user with peace of mind as well as allowing a user to

i
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attempt to determine, but pressing the hardware button at various places or fimes
during a day, where the increased CO levels exust.

{0041} FIG. 5 iltustrates a flowchart showing a technigue 500 for
determining a personalized gas level exposure in accordance with some
embodiments. The techimique 500 includes an operation 502 to receive a plurality
of gas ievel measurements for a gas level. The plurality of gas level
measurements may be made by a sensor of the wearable device. In an example,
the gas level is alevel of CO gas.

[0042] The technigue 500 includes an operation 504 ¢ determine a five-
minute average gas level. The techmique 500 includes an operation 506 to issue
an instantaneous alert when the five-minute average gas level exceeds an
mstantaneous exposure threshold. In response to determining that the five-
minute average gas level falls below the instantaneous exposure threshold, the
technique 500 may include indicating the gas level is at a safe level. The
technique 500 includes an operation 508 to determine a rate of change for the
eas level. The technique 500 mcludes an operation 510 to disable the alert in
response 1o determining that the rate of change indicaies the gas level 1s
decreasing. In an exarople, the rate of change indicates that the gas level is
decreasing when the rate of change is negative and exceeds a slope threshold.
[0043] The technigue 500 may include an operation to determine, using the
plurality of gas level measurements, a fifteen-minute average gas level. The
operation may include, in response to deternuning that the fifteen-minute
average gas level exceeds an acufe exposure threshold, issping an acute alert at
the wearable device. In an example, the technique 500 may nclude, when the
five-nunute average gas level exceeds the instantaneous exposure threshold, and
the fiffeen-nuinute average gas level exceeds the acute exposure threshold,
tssuing the instantancous alert and not the acute alert. The technigue 500 may
mnclude disabling the acute alert when iterating the operation results in the
fifteen-minute average gas level exceeding the acute exposure threshold for 20
minutes.

10044} The technique 500 may include an operation to determine, using the
plurality of gas level measurements, a set of twenty-four-hour average gas
fevels. The operation may include, in response to determining that a minimum
number of the set of twentv-four-hour average gas levels exceed a daily

12
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exposure threshold, issuing a chronic exposure alert at the wearable device. In an
exampie, the set of twenty-four-hour average gas levels includes seven twenty-
four-hour average gas levels and the manimum number 1s three.

{0045] The technique 500 rmoay include an operation fo, in response to a

hardware button being pressed, determine, using the plurality of gas level

(¥2]

measurements, a fiffeen-minute average gas level. The operation may include
determining where the fifteen-nunute average gas level falls within a range. In
an example, the operation includes, when the fifteen-minute average gas level
fails in a lowest section of the range, indicating the gas level is at a safe fevel. In

10 an example, the operation includes, when the fifieen-munuie average gas level
falls 1n a middle section of the range, issuing a moderate gas level alert. In an
example, the operation includes, when the fifteen-minute average gas level falls
mn a highest section of the range, issuing a high gas level alert. The minimom
value of the highest section of the range may be lower than the instantanecus

15 exposure threshold
{0046] FIG. 6 illustrates a wearable device 600 including a gas sensor 608 in
accordance with some embodiments. The wearable device 600 may include
processing circuitry 602 and memory 604, In an exarople, the wearable device
600 includes an LED 606. The LED 606 may include a plurality of LEDs, such

20 asagreen LED, a vellow LED, and a red LED for alerting a user. The gas sensor
608 may take measurements of a gas level, which may be stored on the memory
604. The processing circuitry 602 may determine a five-nuinuie average,
fifteen-minute average, or a twenty-four-hour average of recent gas level
measurements taken by the gas sensor 608, The processing circuitry 602 may be

25  used to perform the process flows 100-400 described above. The wearable
davice 600 may include a hardware button 610 that may be pressed by a user to
mnitiate the user initiated gas level update process flow 100, The wearable device
600 may include a speaker 612 to issue audible alerts to a user.
[0047] FIG. 7 illustrates generally an example of a block diagram of a

30 machine 700 upon which any one or more of the techniques (e.g.,
methodologies) discussed herein may perform in accordance with some
ernbodiments. In alternative embodiments, the machine 700 may operate as a
standalone device or may be connected (e g., networked) to other machines Ina

networked deployment, the machine 700 may operate in the capacity of a server
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machine, a client machine, or both in server-client network environments. In an
exampie, the machine 700 may act as a peer machineg in peer-to-peer (P2P) (or
other distributed) network environment. The machine 700 may be a wearable
device, a personal digital assistant (PDA), a mohile telephone, or any machine

capable of executing instructions (sequential or otherwise) that specify actions {o

(¥2]

be taken by that machine. Further, while only a single machine s illustrated, the
term “machine” shall also be taken to include anv collection of machines that
mdividually or jointly execute a set (or multiple sets} of instructions to perform
any one or more of the methodologies discussed herein, such as cloud

10 computing, software as a service (SaaS), other computer cluster configurations.
[6048] Exaroples, as described herein, may include, or may operate on, logic
or a number of components, modules, or mechanisms. Modules are tangible
entities {e.g., hardware) capable of performing specified operations when
operating. A module includes hardware. In an example, the hardware may be

15 specifically configured to carry out a specific operation {e.g., hardwired} In an
exampie, the hardware may include configurable execution units {e.g.,
iransistors, cireuits, etc.} and a computer readable mediom containing
mstructions, where the instructions configure the execution units 1o carry out a
specific operation when in operation. The configuring may occur under the

20 direction of the executions units or a loading mechanism. Accordingly, the
execution units are communicatively coupled to the computer readable medium
when the device 1s operating. In this example, the execution units may be a
member of more than one module. For example, under operation, the execution
units may be configured by a first set of instructions to implerent a first module

25  atone pomt in time and reconfigured by a second set of mnstructions to
implement a second module.
[O045] Machine (e.g., computer system)} 700 may inchude a hardware
processor 702 {e.g., a central processing unit {CPU), a graphics processing unit
{(GPU). a hardware processor core, or anv combination thergof), 2 main memory

30 704 and a static memory 706, some or all of which may communicate with each
other via an interhink (e.g., bus) 708. The machine 700 may further include a
display unit 710, an alphanumeric input device 712 {e.g., a kevboard), and a user
mnterface (UT) navigation device 714 (e.g.. a mouse). In an example, the display
unit 710, alphanumeric input device 712 and Ul navigation device 714 may be a

14
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touch screen display. The machine 700 may additionally include a storage device
{e.g.. drive unit) 716, a signal generation device 718 (e.g., a speaker), a network
mterface device 720, and one or more sensors 721, such as a global positioning
systern {GPS) sensor, compass, accelerometer, or other sensor. The machine 700

may include an output controller 728, such as a serial (e.g., universal serial bus

(¥2]

(USB), parallel, or other wired or wireless {e.g., infrared (IR}, near field
communication (NFC), etc) connection to communicate or control one or more
peripheral devices {(e.g., a printer, card reader, etc.).
{8650} The storage device 716 may include a machine readable medium 722
10 that is non-transitory on which is stored one or more sets of data structures or
mstructions 724 {e.g., software) embodying or utilized by any one or more of the
techniques or functions described herein. The instructions 724 may also reside,
completely or at least partially, within the main memory 704, within static
mernory 706, or within the hardware processor 702 during execution thereof by
15 the machine 700. In an example, one or any combination of the hardware
processor 702, the main memory 704, the static memory 706, or the storage
device 716 may constitute machine readable media,
{0051 While the machine readable medium 722 1s illustrated as a single
medium, the term “machine readable medium”™ may include a single medium or
20 multiple media (¢.g., a centralized or distributed database, and/or associated
caches and servers) configured to store the one or more insiructions 724,
[0052] The term “machine readable medium™ may include anv medium that
is capable of storing, encoding, or carrving insiructions for execution by the
machine 700 and that cause the machine 700 to perform any one or more of the
25 techniques of the present disclosure, or that 1s capable of storing, encoding or
carrving data structures usad by or associated with such instructions. Non-
himitting machine readable medium examples may include solid-state memories,
and optical and magnetic media. Specific examples of machine readable media
may include: non-volatile memory, such as semiconductor memory devices
30 {e.g., Electrically Programmable Read-Only Memory (EPROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM)) and flash memory
devices; magnetic disks, such as internal hard disks and removable disks;

magneto-optical disks; and CD-ROM and DVD-ROM disks.
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[0053] The mstructions 724 may further be transmitted or received over a
communications network 726 using a transmission medium via the network
mterface device 720 utilizing any one of a number of transfer protocols {e.g.,
frame relay, intermet protocol (IP), transmission control protocol (TCP), user

datagram protocol {UDP}, hvpertext transfer protocol (HTTP), etc.). Example

(¥2]

communication networks may include a local area network {LAN), a wide area
network (W AN), a packet data network {e. g, the Internet), mohile telephone
etworks {e.g., cellular natworks), Plain Old Telephone (POTS) networks, and

wireless data networks {e.g., Institute of Electrical and Electronics Engingers

10 (IEEE)802.11 family of standards known as Wi-Fi®, IEEE 802.16 fanuly of
standards known as WiMax®), IEEE 802.15 4 family of standards, peer-to-peer
(P2P) networks, among others. In an example, the network interface device 720
may include one or more physical jacks (e.g., Ethernet, coaxial, or phone jacks)
or one or more antennas to connect to the communications network 726, In an

15 example, the network interface device 720 may include a plurality of antennas to
wirelessly communicate using at least one of single-input multiple-output
(SIMO), multiple-input mudtiple-output (MIMO), or multiple-input single-cutpul
{(MISO) techniques. The term “transnussion medium™ shall be taken to mclude
any intangible medium that is capable of storing, encoding or carrving

20 instructions for execution by the machine 700, and includes digital or analog
conruunications signals or other intangible medium to facilitate comumunication

of such software.

Various Notes & Examples

25 [0054] Each of these non-limiting examples may stand on ifs own, or may be
combined in various permutations or combinations with one or more of the other
examples.

[B055] Example 1 is a method for determiming a personalized gas level
exposure, the method comprising receiving, at a wearable device, a plurality of

30 gas level measurements for a gas level, determining, using the plurality of gas
jevel measurements, a five-minute average gas level; in response o determining
that the five-nuinute average gas level exceeds an instantaneous exposure
threshold, issuing a dangerous exposure alert at the wearable device;
determining, from the plurality of gas level measurements, a rate of change for

16
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the gas level; and in response to etermining that the rate of change indicates the
eas level 15 decreasing, disabling the dangerous exposure alert.

[18056] In Example 2, the subject matter of Example 1 optionally inchudes,
wherein the rate of change dicates that the gas level is decreasing when the rate
of change is negative and exceeds a slope threshold.

[B087] In Example 3, the subject matter of any one or more of Examples 1-2
optionally include, wherein the plurality of gas level measurements are made by
a sensor of the wearable device.

{0058} in Example 4, the subject matter of any one or more of Examples 1-3
optionally include, wherein the gas level is a level of Carbon Monoxide gas.
{0059] In Example 3, the subject matter of any one or more of Examples 1-4
optionally include, further comprising, in response to determining that the five-
minute average gas level falls below the instantaneous exposure threshold,
mdicating the gas level is at a safe level.

[0060] In Example 6, the subject matter of any one or more of Examples 1-5
optionally include, further comprising: determining, using the plurality of gas
level measurements, a fifteen-minute average gas level; and in response o
determining that the fifteen-nunute average gas level exceeds an acute exposure
threshold, issuing an acute alert at the wearable device.

{0061} In Example 7, the subject matter of Example 6 optionally includes,
further comprising, when the five-minute average gas level exceeds the
mstantaneous exposure threshold, and the fifteen-minute average gas iavel
exceeds the acute exposure threshold, issuing the dangerous exposure alert and
not the acute alert.

{0062] In Example 8, the subject matter of any one or more of Examples 6-7
optionally include, further comprising disabling the acute alert when iterating the
method results in the fifteen-minute average gas level exceeding the acute
exposure threshold for twenty mimutes.

[0063] In Example 9, the subject matter of any one or more of Examples 1-8
optionally include, further comprising: determining, using the plurality of gas
level measurements, a set of twenty-four-hour average gas levels; and in

response 1o determining that a minimurn nuraber of the set of twenty-four-hour
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average gas levels exceed a dailv exposure threshold, issuing a chronic exposure
alert at the wearable device.

[0064] In Example 10, the subject matter of Examiple 9 optionally imncludes,
wherein the set of twenty-four-hour average gas levels mcludes seven twenty-
four-hour average gas levels and wherein the minimum number is three.

[0065] In Example 11, the subject matter of any one or more of Examples 1-
10 optionally include, further comprising: in response to a hardware button being
pressed, determining, using the plurality of gas level measurements, a fifteen-
minufe average gas level, and determining where the fifteen-minute average gas
fevel falls within a range.

[0066] In Example 12, the subject matter of Example 11 optionally includes,
further comprising when the fifteen-minute average gas level falls in a lowest
section of the range, indicating the gas level is at a safe level.

{0067} In Example 13, the subject matter of any one or more of Exaroples
11-12 optionally include, further comprising when the fifteen-mimute average
eas level falls in a middle section of the range, issuing a moderate gas level alert.
10063] In Example 14, the subject matter of any one or more of Examples
11-13 optionally include, further comprising when the fifteen-ninute average
gas level falls in a highest section of the range, issuing a high ¢as level alert.
[0069] In Example 15, the subject matfer of Example 14 optionally includes,
wherein a nunimum value of the highest section of the range 1s lower than the
mstantaneous exposure threshold.

{0670} Example 16 is at least one machine-readable medium including
mstructions for operation of a computing system, which when executed by a
machine, cause the machine to perform operations of any of the methods of
Examples 1-15.

{8071} Example 17 is an apparatus comprising means for performing any of
the methods of Examples 1-15,

{0072} Example 18 is a wearable device for determining a personalized gas
fevel exposure, the wearable device comprising: processing circuitry to: receive
a plurality of gas level measurernents for a gas level; deternmine, using the
plurality of gas level measurements, a five-roinute average gas level; in response
to determining that the five-minute average gas level exceeds an instantaneous
exposure threshold, issue a dangerous exposure alert; determine, from the

I8
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plurality of gas level measurements, a rate of change for the gas level; and in
response to determining that the rate of change indicates the gas level is
decreasing, disable the dangerous exposure alert.

[6673] In Example 19, the subject matter of Example 18 optionally includes,

(¥2]

wherein the rate of change indicates that the gas level is decreasing when the rate

of change is negative and exceeds a slope threshold.

{0074] In Example 20, the subject matter of any one or more of Exaraples

18-19 optionally include, further comprising a sensor to measure the plurahity of

gas level measurements.

10 [8975] In Example 21, the subject matter of any one or more of Examples
18-20 optionally include, wherein the gas level is a level of Carbon Monoxide
2as.

{076} In Example 22, the subject matter of any one or more of Examples
18-21 optionally include, wherein, in response to deternuning that the five-

15 minute average gas level falls below the instantaneous exposure threshold, the
processing circuttry is to indicate the gas level is at a safe level.

18677} In Example 23, the subject matter of any one or more of Examples
18-22 optionally include, wherein the processing circuitry is to: determine, using
the plurality of gas level measurements, a fifteen-minute average gas level; and

20 inresponse to determining that the fifteen-minute average gas level exceeds an
acute exposure threshold, issue an acute alert.

[0078] In Example 24, the subject matter of Example 23 optionally includes,
wherein, when the five-minuie average gas level exceads the instantaneous
exposure threshold and the fifleen-minute average gas level exceeds the acute

25 exposure threshold, the processing 1s to 1ssue the dangerous exposure alert and
not the acute alert.

[0079] In Example 23, the subject matter of any one or more of Examples
23-24 optionally include, further comprising a plurality of Light Emitiing
Diodes {1.EDs). the LEDs including a red LED for the dangerous exposure alert

30 and the acute alert, a vellow LED for the acute alert, and a green LED to indicate

the gas level is at a safe level.

{6080} In Example 26, the subject matter of any one or more of Examples

18-25 optionally include, wherein the processing circuitry is to: determine, using

the plurality of gas level measurements, a set of twenty-four-hour average gas
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levels; and in response to deternuning that a minimum number of the set of
twenty-four-hour average gas levels exceed a daily exposure threshold, issue a
chronic exposure alert,
[6081] In Example 27, the subject matter of Example 26 optionally includes,
wherein the set of twenty-four-hour average gas levels includes seven twenty-
four-hour average gas levels and wherein the minimum number is three.
{0082} In Example 28, the subject matter of any one or more of Exaroples
18-27 optionally include, wherein the processing circuitry is t0: in response to a
hardware button being pressed, determine, using the plurality of gas level
measurements, a fifleen-minute average gas level; and determine where the
fifteen~-minute average gas level falls within a range.
[0083] In Example 29, the subject matter of Example 28 optionally includes,
wherein when the fifteen-minute average gas level falls in a towest section of the
range, the processing circuitry 15 to indicate the gas level is at a safe level.
{0084} In Example 30, the subject matter of any one or more of Examples
28--29 optionally include, wherein when the fifteen-minute average gas level
falls in a middle section of the range, the processing circuitry is to issue a
moderate gas level alert.
[0085] In Example 31, the subject matter of any one or more of Fxamples
28-30 optionally include, wherein when the fifteen-minute average gas level
falls in a highest section of the range, the processing circutry is to 1ssue a high
gas level alert.
{0086] in Example 32, the subject matter of Example 31 optionally includes,
wherein a mimmuom value of the highest section of the range 15 lower than the
mstantaneous exposure threshold.
{06087] Example 33 is at least one machine readable medium including
mstructions that, when execuied, cause the machine to perform operations for
determining a personalized gas level exposure, the operations comprising:
eceiving, at a wearable device, a plurality of gas level measurements for a gas
level, determining, using the plurality of gas level measurements, a five-minute
average gas level; in response to determining that the five-minute average gas
fevel exceeds an instantaneous exposure threshold, issuing a dangerous exposure
alert at the wearable device; determining, from the plurality of gas level
measurements, a rate of change for the gas level; and in response 1o determining

20
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that the rate of change indicates the gas level is decreasing, disabling the
dangerous exposure alert.

{06083] In Example 34, the subject matter of Example 33 optionally inchudes,
wherein the rate of change dicates that the gas level is decreasing when the rate
of change is negative and exceeds a slope threshold.

HERSY In Example 35, the subject matter of any one or more of Examples
33-34 optionally include, wherein the plurality of gas level measurements are
made by a sensor of the wearable device.

{00690} in Example 36, the subject matter of any one or more of Examples
33-35 optionally include, wherein the gas level 15 a level of Carbon Monoxide

ot

[£7]

{0091 In Example 37, the subject matter of any one or more of Fxamples
33-36 optionally include, further comprising, in response to determuning that the
five-minute average gas level falls below the mstantaneous exposure threshold,
mdicating the gas level is at a safe level.

{0092} in Example 38, the subject matter of any one or more of Examples
33-37 optionally include, further comprising: determining, using the plurality of
gas level measurements, a fifteen-minute average gas level; and in response to
determining that the fifteen-minute average gas level exceeds an acute exposure
threshold, issuing an acute alert at the wearable device.

[6093] In Example 39, the subject matter of Example 38 optionally includes,
further comprising, when the five-minute average gas level exceeds the
imstantaneous exposure threshold, and the fifteen-minuie average gas level
exceeds the acute exposure threshold, issuing the dangerous exposure alert and
not the acute alert.

[0094] In Example 40, the subject matter of any one or more of Fxamples
38-39 optionally include, wherein the dangerous exposure alert includes a first
audio portion and the acute alert includes a second audio portion.

[0095] In Example 41, the subject matter of any one or more of Examples

33-40 optionally include, further comprising: determining

w2

using the plurality of
gas level measurements, a set of twenty-four-hour average gas levels; and in

response 1o determining that a minimurn nuraber of the set of twenty-four-hour
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average gas levels exceed a dailv exposure threshold, issuing a chronic exposure
alert at the wearable device.
[18096] In Example 42, the subject matter of Example 41 optionally inclhudes,
wherein the set of twenty-four-hour average gas levels mcludes seven twenty-
four-hour average gas levels and wherein the minimum number is three.
{6097} In Example 43, the subject matter of any one or more of Examples
33-42 optionally include, further comprising: in response to a hardware button
eing pressed, determining, using the plurality of gas level measurements, a
fifteen-minute average gas level; and determining where the fifteen-minute
average gas level falls within a range.
[6098] In Example 44, the subject matter of Example 43 optionally includes,
further comprising when the fifteen-minute average gas level falls in a lowest
section of the range, indicating the gas level is at a safe level.
{0099} In Example 45, the subject matter of any one or more of Exaraples
4344 optionally include, further comprising when the fifteen-minute average
eas level falls in a middle section of the range, issuing a moderate gas level alert.
{80160} In Example 46, the subject matter of any one or more of Examples
43-45 optionally include, further comprising when the fifteen-ninute average
gas level falls in a highest section of the range, issuing a high ¢as level alert.
{00161}  In Example 47, the subject matier of Example 46 optionally includes,
wherein a nunimum value of the highest section of the range 1s lower than the
mstantaneous exposure threshold.
{06162} Exampie 48 is an apparatus for determining a personalized gas level
exposure, the apparatus comprising: means for receiving, at a wearable device, a
plurality of gas level measurements for a gas level; means for determining, using
the plurality of gas fevel measurements, a five-minute average gas level; in
response to determining that the five-minute average gas level exceeds an
mstantaneous exposure threshold, means for issuing a dangercus exposure alert
at the wearable device; means for determining, from the plurality of gas level

measurements, a rate of change for the gas level; and in response to determining
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that the rate of change indicates the gas level is decreasing, means for disabling
the dangerous exposure alert.

{066163] In Example 49, the subject matter of Example 48 optionally includes,
wherein the rate of change indicates that the gas level 1s decreasing when the rate

of change is negative and exceeds a slope threshold.

(¥2]

[08104]  In Example S0, the subject matter of any one or more of Examples
48-49 optionally include, wherein the plurality of gas level measurements are
made by a sensor of the wearable device.

{06165} In Example 51, the subject matter of any one or more of Examples

10 48-50 opuionally include, wherein the gas level 15 a level of Carbon Monoxide

[£7]

ga
[00106]  In Example 52, the subject matter of any one or more of Examples
48-51 optionally include, further comprising, in response to determuining that the
five-minute average gas level falls below the mstantaneous exposure threshold,

15 means for indicating the gas level is at a safe level,
{06167} In Example 33, the subject matter of any one or more of Examples
4852 optionally include, further comprising: means for determiming, using the
plurality of gas level measurements, a fifieen~-minute average gas level; and in
response to determining that the fifteen-minute average gas level exceeds an

20 acute exposure threshold, means for issuing an acute alert at the wearable device.
[00108]  In Example 54, the subject matter of Example 53 optionally includes,
further comprising, when the five-minute average gas level exceeds the
imstantaneous exposure threshold, and the fifteen-minuie average gas level
exceeds the acute exposure threshold, means for 1ssuing the dangerous exposure

25  alert and not the acute alert.
{00109]  In Example 55, the subject matter of any one or more of Examples
53-54 optionally include, wherein the dangerous exposure alert includes a first
audio portion and the acute alert includes a second audio portion.
{00110} In Example 56, the subject matter of any one or more of Examples

30 48-55 optionally include, further comprising: means for determining, using the
plurality of gas level measurements, a set of twenty-four-hour average gas

levels; and in response to deterrining that a ninimurm number of the set of

[
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twenty-four-hour average gas levels exceed a daily exposure threshold, means
for issuing a chronic exposure alert at the wearable device.

{80111} In Example 57, the subject matter of Example 56 optionally includes,
wherein the set of twenty-four-hour average gas levels mcludes seven twenty-
four-hour average gas levels and wherein the minimum number is three.

[08112] In Example S8, the subject matter of any one or more of Examples
48-57 optionally include, further comprising: in response to a hardware button
being pressed, means for determining, using the plurality of gas level
measurements, a fifteen-minute average gas level: and means for determining
where the fifteen-minute average gas level falls within a range.

[80113]  In Example 539, the subject matter of Example 58 optionally includes,
further comprising when the fifteen-minute average gas level falls in a lowest
section of the range, means for indicating the gas level is at a safe level.

{00114] In Example 60, the subject matter of any one or more of Exarmples
58-59 optionally include, further comprising when the fifieen-minute average
eas level falls in a middle section of the range, means for issuing a moderate gas
fevel alert.

[80115] In Example 61, the subject matter of anv one or more of Examples
58-60 optionally include, further comprising when the fifteen-minute average
gas level falls in a highest section of the range, means for issuing a high gas
tevel alert.

{00116} In Example 62, the subjact matter of Example 61 optionally includes,
wherein a mimimum value of the highest section of the range 1s lower than the
mstantaneous exposure threshold.

080117} Method examples described herein may be machine or computer-
implemented at least in part. Some examples may include a computer-readable
medium or machine-readable medium encoded with instructions operable o
configure an electromc device to perform methods as described in the above
examples. An implementation of such methods may include code, such as
microcode, assembly fanguage code, a higher-level language code, or the like.
Such code may include computer readable instructions for performing various
methods. The code may form portions of computer program producis. Further, in
an example, the code may be tangibly stored on one or more volatile, non-
transitory, or non-volatile tangible computer-readable media, such as during

24
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execution or at other times. Examples of these tangible computer-readable media
may include, but are not limited to, hard disks, removable magnetic disks,
removable optical disks {(e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories (RAMSs), read only

memories (ROMs), and the like.
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CLAIMS

What 1s claimed 1s;

5 L A wearable device for determining a personalized gas level exposure, the
wearable device comprising;
processing circutry to:
recetve a plurality of gas level measurements for a gas level;
determine, using the plurality of gas level measurements, a five-
10 minute average gas level;
in response to deternuning that the five-minute average gas level
exceeds an instantangous exposure threshold, issue a dangerous exposure
alert;
determine, from the plurality of gas level measurements, a rate of
15 change for the gas level; and
in response to determining that the rate of change indicates the

gas level 1s decreasing, disable the dangerous exposure alert.

2. The wearable device of claim 1, further comprising a sensor to measure

20 the plurality of gas level measurements.

3. The wearable device of claim 1, wherein the processing circuitry is to:
determine, using the plurality of gas level measurements, a fifteen-
minuie average gas level: and
25 i response to determining that the fifteen~minute average gas level

exceeds an acute exposure threshold, issue an acute alert.

4 The wearable device of claim 3, wherein, when the five-minute average
gas level exceeds the instantaneous exposure threshold and the fifteen-nunute
30 average gas level exceeds the acute exposure threshold, the processing is {0 issue

the dangerous exposure alert and not the acute alert.

3. The wearable device of claim 3, further comprising a plurality of Light
Emitting Diodes (LEDs), the LEDs including a red LED for the dangerous
26
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exposure alert and the acute alert, a yveliow LED for the acute alert, and a green

LED to indicate the gas level s at a safe level.

6. A method for determining a personalized gas level exposure, the method
comprising;

receiving, at a wearable device, a plurality of gas level measurements for
a gas level;

determuning, using the plurality of gas level measurements, a five-minute
average gas level,

in response to determinung that the five-minute average gas level exceeds
an mstantaneous exposure threshold, issuing a dangerous exposure alert af the
wearable device;

determning, from the plurality of gas level measurernents, a rate of
change for the gas level; and

in response to determining that the rate of change indicates the gas level

is decreasing, disabling the dangerous exposure alert.

7. The method of claim 6, wherein the rate of change indicates that the gas
fevel is decreasing when the rate of change is negative and exceeds a slope

threshold.

8. The method of claim 6, wherein the plurality of gas level measurements

are made by a sensor of the wearable device.

9. The method of claim 6, wherein the gas level s a level of carbon

monoxide gas.

10, The method of claim 6, further comprising, tn response to determining
that the five-minute average gas level falls below the instantaneous exposure

threshold, indicating the gas level is at a safe level.

11. The method of claim 6, further compnising:
determining, using the plurality of gas level measurements, a fifteen-

minufe average gas level; and
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in response to determining that the fifteen-minute average gas level
exceeds an acute exposure threshold, issuing an acute alert at the wearable

device,

12. The method of claim 11, further comprising, when the five-minute

(¥2]

average gas level exceeds the instantaneous exposure threshold, and the fifieen-
mirute average gas level exceeds the acute exposure threshold, 1ssuing the

dangerous exposure alert and not the acute alert,

10 13 The method of claim 11, further comprising disabling the acute alert
when iterating the method results in the fifieen~-minute average gas level

exceeding the acute exposure threshold for 20 minutes.

14, The method of claim 6, further comprising:

15 determuning, using the plurality of gas level measurements, a set of
twenty-four-hour average gas levels; and

in response to determining that a munimum number of the set of twenty-

four-hour average gas levels exceed a daily exposure threshold, issuing a chronic
exposure alert at the wearable device,

20
15, The method of claira 14, wherein the set of twenty~four-hour average gas
levels includes seven twenty-four-hour average gas levels and wherein the

minimum number is three.

25 16, The method of claim 6, further comprising:
in response 1o a hardware button heing pressed, determining, using the
plurality of gas level measurements, a fifteen-minute average gas level; and
determining where the fifleen-minuie average gas level falls within a
range.
30
17. The method of claim 16, {urther comprnising when the fifteen-minute
average gas level falls in a lowest section of the range, indicating the gas level s

at a safe level.
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18. The method of claim 16, further comprising when the fifteen-minute
average gas level falls in a middie section of the range, 1ssuing a moderate gas

fevel alert.

19. The method of claim 16, further comprising when the fifteen-minute

(¥2]

average gas level falls in a highest section of the range, 1ssuing a high gas level

alert.

20. The method of claim 19, wherein a minimum value of the highest section

10 of the range is lower than the instantaneous exposure threshold.

21 At least one machine-readable medium including instructions for
operation of a computing system, which when executed by a machine, cause the

machine to perform operations of any of the methods of claims 6-20.

22. An apparatus comprising means for performing any of the methods of

claims 6-20.
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