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SYSTEMS AND METHODS FOR
ON-DEMAND CPAP THERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/587,129, filed Nov. 16, 2017, entitled
“Systems and Methods for On-Demand CPAP Therapy,”
which is hereby incorporated by reference in its entirety
herein.

FIELD

[0002] The present application relates to systems and
methods for on-demand continuous positive air pressure
(“CPAP”) therapy.

BACKGROUND

[0003] Sleep apnea is a breathing disorder that interrupts
normal breathing during sleep and that can be caused by
collapse or obstruction of the airway during intakes of
breath. It can affect an individual’s ability to get a good
night’s sleep, and can trigger additional health problems,
including high blood pressure, heart attacks, and strokes.
Treating sleep apnea can be accomplished by providing
continuous positive air pressure on an individual’s airway by
fitting the individual with a breathing mask connected to an
air pump. The air pump then pumps air through a tube to the
mask, which helps hold the individual’s airway open,
thereby enabling unobstructed normal breathing.

SUMMARY

[0004] Various examples are described for systems and
methods for on-demand CPAP therapy. One example
method includes monitoring a physiological parameter of a
wearer, the physiological parameter associated with sleep
apnea, the wearer wearing an air mask connected to an air
supply device; detecting a sleep apnea event based on the
physiological parameter; and in response to detecting the
sleep apnea event, activating the air supply device.

[0005] One example system includes an air mask; a sensor
to detect a physiological parameter associated with sleep
apnea; an air supply device connected to the air mask by a
hollow tube, the air supply device configured to supply air
pressure to the mask using the hollow tube; and a controller
comprising: a non-transitory computer-readable medium;
and a processor in communication with the sensor, the air
supply device, and the non-transitory computer-readable
medium, the processor configured to execute processot-
executable instructions stored in the non-transitory com-
puter-readable medium to: receive sensor signals from the
sensor; monitor the physiological parameter based on the
received sensor signals; detect a sleep apnea event based on
the physiological parameter; and in response to detection of
the sleep apnea event, activate the air supply device to
provide the air pressure to the air mask.

[0006] One example non-transitory computer-readable
medium comprising processor-executable instructions con-
figured to cause a processor to: receive sensor signals from
a sensor to detect a physiological parameter associated with
sleep apnea; monitor the physiological parameter based on
the received sensor signals; detect a sleep apnea event based
on the physiological parameter; and in response to detection
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of the sleep apnea event, activate an air supply device to
provide air pressure to an air mask.

[0007] These illustrative examples are mentioned not to
limit or define the scope of this disclosure, but rather to
provide examples to aid understanding thereof. Illustrative
examples are discussed in the Detailed Description, which
provides further description. Advantages offered by various
examples may be further understood by examining this
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated into and constitute a part of this specification, illustrate
one or more certain examples and, together with the descrip-
tion of the example, serve to explain the principles and
implementations of the certain examples.

[0009] FIGS. 1-3 show example systems for on-demand
CPAP therapy;
[0010] FIG. 4 shows an example method for on-demand

CPAP therapy; and

[0011] FIG. 5 shows an example computing device suit-
able for use with example systems or methods for on-
demand CPAP therapy.

DETAILED DESCRIPTION

[0012] Examples are described herein in the context of
systems and methods for on-demand CPAP therapy. Those
of ordinary skill in the art will realize that the following
description is illustrative only and is not intended to be in
any way limiting. Reference will now be made in detail to
implementations of examples as illustrated in the accompa-
nying drawings. The same reference indicators will be used
throughout the drawings and the following description to
refer to the same or like items.

[0013] In the interest of clarity, not all of the routine
features of the examples described herein are shown and
described. It will, of course, be appreciated that in the
development of any such actual implementation, numerous
implementation-specific decisions must be made in order to
achieve the developer’s specific goals, such as compliance
with application- and business-related constraints, and that
these specific goals will vary from one implementation to
another and from one developer to another.

[0014] To provide on-demand CPAP therapy, an indi-
vidual (the “wearer”) uses an on-demand CPAP device. To
use the device, the wearer puts on an air mask prior to going
to sleep. The air mask is connected by an air hose or tube to
a device that can supply pressurized air (the “air supply
device”) to the air mask via the air hose. In this example, the
air supply device is an air pump that can be activated to
pump air to the air mask. However, unlike a convention
CPAP therapy device that, when turned on by the wearer,
supplies a continuous, constant air pressure to the wearer’s
air mask, when the wearer activates the example on-demand
CPAP device, the air pump is not activated. Instead it
remains in an inactive or standby state. The wearer can then
go to sleep.

[0015] In this example, the air mask has a non-invasive
blood oxygen sensor that can detect the wearer’s blood
oxygen saturation levels (e.g., “SvO,” or “SpO,”). The
blood oxygen sensor is affixed to the air mask and is
positioned so that it rests on the wearer’s brow bone between
her eyes. The blood oxygen sensor in this example shines
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lights into the wearer’s skin and detects blood oxygen based
on absorption of the light by blood vessels in the wearer’s
skin. A controller connected to the blood oxygen sensor
obtains blood oxygen signals and determines the wearer’s
blood oxygen levels. It then monitors those levels over time
and, if the blood oxygen level drops below a threshold, e.g.,
90%, and blood oxygen level is decreasing faster than an
average rate of change for the wearer (blood oxygen levels
may fluctuate over time), the controller may determine a
sleep apnea event is occurring or is about to occur.

[0016] After determining a sleep apnea event is occurring
(or is about to), the controller activates the air supply device,
which supplies pressurized air to the air mask to open the
wearer’s airway, thereby halting or preventing the sleep
apnea event. The controller may allow the air supply device
to remain active for a few seconds, e.g., up to ten seconds,
before deactivating it and returning to an inactive or standby
state. Thus, this example on-demand CPAP system is able to
activate an air supply device only upon detection of an
impending (or in-progress) sleep apnea event. Such a system
may be desirable as it may eliminate some of the side effects
associated with traditional CPAP machines, such as sleep
difficulties due to noise from a constantly running air pump,
dried out mouth and gums, rhinitis or nasal congestion,
headaches, etc. Instead, by selectively activating the air
supply device and deactivating it after a dose of pressurized
air has been administered, the wearer may experience fewer
or no side effects. In addition, because the air supply is not
continuously running all night, alternate types of air supply
devices may be used, such as a small cartridge of com-
pressed air rather than a pump. Still further advantages may
be obtained from reviewing this detailed description and the
accompanying figures.

[0017] It should be appreciated that for purposes of this
disclosure, the term “sleep apnea event” relates to a partial
or total collapse or obstruction of the wearer’s airway while
the wearer is asleep, and may include the wearer’s response
to such an event, including gasping for breath, snoring,
choking, etc. Thus, a “sleep apnea event” may be detected
before the wearer involuntarily responds to the event by
detecting physiological parameters indicating that a sleep
apnea event is occurring or is likely to occur within the near
future, e.g., within a few seconds. While “sleep apnea event”
generally refers to a period of time before a wearer responds
to a collapsed or obstructed airway, as well as the period
time while the wearer is responding to such an event, the two
different time periods may be separately referred to as an
“impending sleep apnea event” and an “in-progress sleep
apnea event.”

[0018] This illustrative example is given to introduce the
reader to the general subject matter discussed herein and the
disclosure is not limited to this example. The following
sections describe various additional non-limiting examples
and examples of systems and methods for on-demand CPAP
therapy.

[0019] Referring now to FIG. 1, FIG. 1 shows an example
on-demand CPAP system 100. The system 100 includes a
controller 110, an air supply device 120, and an air mask
130, which is connected to the air supply device 120 by an
air hose 122. The system 100 also includes one or more
sensors 132 to sense physiological parameters of the wearer
101 sleeping on the bed 102, which will be discussed in
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more detail below. The sensors 132 may be incorporated into
the air mask 130 or may be separately attached to the wearer
in different examples.

[0020] To provide on-demand CPAP therapy, the sensors
132 transmit sensor signals to the controller 110, which uses
the sensor signals to monitor the wearer for indications of a
sleep apnea event. If the controller 110 detects an impending
sleep apnea event, or one that is in progress, it activates the
air supply device 120 for a period of time and then deacti-
vates the air supply device 120 again. Thus, unless a
detected sleep apnea event is being addressed, the controller
110 maintains the air supply device 120 in an inactive or
standby state.

[0021] To enable the controller 110 to detect a sleep apnea
event, the system 110 includes one or more sensors 132 that
sense physiological parameters of the wearer. The physi-
ological parameters may indicate information such as blood
oxygen level, breathing rates, air volume per breath, etc.
Suitable sensors may include blood oxygen sensors, accel-
erometers, gas flow sensors, pressure sensors, microphones,
cameras, etc. Such sensors may be coupled to the air mask
130, may be worn by the wearer 101, or may be located
within the room with the wearer 101. For example a micro-
phone may be located on the wearer’s nightstand or air mask
130 to measure breathing sounds, or a camera may be
mounted to the bed to monitor the wearer’s chest move-
ments. The sensors 132 may be powered by a battery in the
air mask 130, via a power wire running from the air supply
device 120 (or controller 110) along the air hose 122, via
wireless power transfer from another device, or any other
suitable means for powering the sensor(s) 132.

[0022] Referring now to FIG. 2, FIG. 2 shows an example
arrangement of sensors 240-250 on an air mask 200 that may
be employed according to some examples of on-demand
CPAP systems and methods. In this example, two sensors
240-250 are attached to the air mask 200—a pressure sensor
210 and an accelerometer 220. The pressure sensor 210
obtains information relating to gas pressure within the air
mask 200 that may be used to determine a breathing rate or
how hard the wearer is breathing, e.g., shallow or deep
breaths. The accelerometer 220 may detect the wearer’s
movements, such as head movement, mouth movement, etc.
Such movements may be associated with breathing difficul-
ties that indicate a sleep apnea event.

[0023] The two sensors 240-250 are coupled to a wireless
transmitter 230 that is used to transmit sensor signals to the
controller 210. The controller 210 may then use the received
sensor signals to determine sleep apnea events.

[0024] While the example shown in FIG. 2 employs a
pressure sensor 240 and an accelerometer 250, any suitable
number or type of sensors, such as those discussed above,
may be employed according to different examples.

[0025] Referring again to FIG. 1, the sensor 132 in this
example communicates wirelessly with the controller 110
using a Bluetooth (“BT”) low energy (“BLE”) communica-
tion technique, however, any suitable wired or wireless
communications technique may be employed, including BT,
WiFi, ZigBee, near-field communications (“NFC”), Ether-
net, serial protocols (e.g., RS-232, RS-4835, etc.), parallel
communication techniques, etc. In some examples, the sen-
sor 132 may be provide an analog voltage or current signal.
[0026] In this example, the controller 110 is a computing
device that is separate and distinct from the air supply device
120 and the air mask 130, and may reside within a housing,
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such as on the user’s nightstand, the floor, or elsewhere
within proximity of the wearer. However, in some examples,
the controller 110 may be built into the air supply device
120, the air mask 130, or the air hose 122.

[0027] The controller 110 is in communication with the air
supply device 120, such as using one or more of the wired
or wireless techniques discussed above. For example, to
activate or deactivate the air supply device 120, the control-
ler 110 may change a logic state of a control line to the air
supply device 120 to toggle between active and inactive (or
standby) states, or may transmit a message to the air supply
device 120 indicating parameters regarding how to activate
and supply pressurized air to the air mask 130.

[0028] As discussed above, the controller 110 receives
signals from one or more sensors 132 and activates or
deactivates the air supply device 120 when a sleep apnea
event is detected. After detecting a sleep apnea event, the
controller 110 may activate the air supply device 120 and
continue monitoring sensor signals from the sensor(s) 132.
When the sensor signals indicate that a sleep apnea event is
no longer detected, the controller 110 deactivates the air
supply device 120, which returns to an inactive or standby
state. The controller 110 then continues to monitor the
sensor signals to detect any additional sleep apnea events.
[0029] In this example, the air supply device 120 is an air
pump, but any suitable air supply device may be employed.
For example, an air supply device 120 may include a
container of pressurized air coupled to a nozzle or valve that
can be selectively opened to provide the pressurized air to
the air mask 130 via the air hose 122. Still other suitable
means for providing pressurized air to the air mask 130 may
be employed according to different examples.

[0030] Referring now to FIG. 3, shows an example air
supply device 320 in communication with a controller 310
as a part of an on-demand CPAP system. The air supply
device 320 in this example has a housing in which is an air
cartridge 330 having pressurized air within it, e.g., stored at
300 psi prior to the first use. The air cartridge 330 is
connected to a valve 322 that can be opened to allow a
quantity of pressurized air to exit the air cartridge 330 and
traverse the air hose 324 to an air mask. In this example, the
valve 322 also includes a pressure regulator that regulates
the pressure of the expelled pressurized air to maintain a safe
pressure to send to the air mask. For example, the pressure
may be regulated to a range between 4 and 30 centimeters
of water (cmH,0) inclusive, pressure units frequently used
in CPAP systems.

[0031] The valve 322 may be actuated by a signal from the
controller 310 based on the configured air pressure for the
system, e.g., 15 cmH,0. In this example, the valve 322 is
selected based on the maximum pressure it will provide to
the air hose 324, such as 30 cmH,0, and the controller 310
may toggle the valve between fully open and fully closed
states. Thus, the air supply device 320 may supply 30
cmH,0 every time it is activated (provided sufficient air
pressure remains within the air cartridge). In some
examples, however, the controller 310 may output an analog
or pulse-width modulated signal to the valve 322 to partially
open it to provide a determined air pressure to the air mask.
For example, if the controller 310 determines an impending
sleep apnea event, it may output a signal to open the valve
322 to allow 10 cmH,0 of air pressure into the air mask. But
if the controller determines an in-progress sleep apnea event,
it may output a signal to open the valve to allow 20 cmH,O
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of air pressure into the air mask. To deactivate the air supply
device, the controller 310 may output a signal to the air
supply device 320 to close the valve 322.

[0032] In some examples, the controller 310 may receive
information from the air supply device 320. For example,
the valve 322 may include a pressure sensor that can provide
information indicating the air pressure within the air car-
tridge 330. The controller 310 can receive this information
from the air supply device 320, and if it determines that the
air pressure within the cartridge 330 is too low, or if the air
supply device 320 provides a signal indicating low air
pressure, the controller 310 can output a notification to the
wearer indicating that the air cartridge 33 needs to be refilled
or replaced.

[0033] Referring now to FIG. 4, FIG. 4 shows an example
method 400 for on-demand CPAP therapy. This example
method 400 will be described with respect to the example
system 100 shown in FIG. 1, but it should be appreciated
that the method could be performed with any suitable system
according to this disclosure.

[0034] At block 410, the controller 410 monitors a physi-
ological parameter of a wearer 101. In this example, the
wearer 101 is wearing an air mask 130 that includes a blood
oxygen sensor 132. The blood oxygen sensor 132 obtains
blood oxygen measurements and provides them to the
controller 110 using a wireless communication technique.
[0035] In this example, the controller 110 monitors the
measured blood oxygen level against a predetermined blood
oxygen threshold. In this example, the blood oxygen thresh-
old is 90%, though any suitable threshold may be selected.
For example, the controller 110 may determine the wearer’s
average minimum blood oxygen level during normal breath-
ing and establish a threshold that is five percentage points
below, or, e.g., 95% of, the determined average. Thus, if the
wearer has an average minimum blood oxygen level of 94%,
the controller may establish a threshold of 89%.

[0036] In addition to monitoring the instantaneous blood
oxygen level, the controller 110 may also monitor a rate of
change in the blood oxygen level. During normal breathing,
the wearer’s blood oxygen level may fluctuate above and
below an average blood oxygen level for the wearer. For
example, shortly after an intake of breath, the blood oxygen
level may steadily rise to 99%, then steadily decrease to 94%
prior to inhale of the next breath. Thus, the wearer’s blood
oxygen level may fluctuate between 94% and 99% during
normal breathing, with an average of approximately 97%.
The controller 110 may determine an average rate of change
of the blood oxygen level as it decreases from 99% to 94%.
[0037] For example, the controller may determine a slope
or gradient between measurements as the wearer’s blood
oxygen levels decrease from 99% to 94% (or from a
measured maximum to a measured minimum blood oxygen
level). Similarly a slope or gradient may be determined
between measurements as the wearer’s blood oxygen level
increases from a measured minimum to a measured maxi-
mum blood oxygen level. The controller 110 may then
accumulate these slopes or gradients over successive breath-
ing cycles and average them to determine an average rate of
change, which may differ for decreasing blood oxygen levels
and increasing blood oxygen levels. In some examples, the
controller 110 may calculate a running average over a
predetermined number of breathing cycles (e.g., ten breath-
ing cycles), or it may periodically recalculate the averages
periodically, such as every ten minutes.



US 2019/0150829 A1

[0038] While this example has discussed the use of a
blood oxygen sensor, other sensors may be employed
instead, or in addition. For example, the system 100 may
employ one or more accelerometers in the air mask to detect
head movement or mouth movement. The accelerometers
may provide acceleration information to the controller in
one or more degrees of freedom. The accelerometer data
may then be used to determine the user’s average move-
ments, or the information may be compared, e.g., using a
trained machine learning model, against data associated with
sleep apnea events, such as sudden head movements, gasp-
ing, coughing, etc. The machine learning model may provide
outputs indicating whether abnormal movements were
detected, and whether those abnormal movements are
indicative of a sleep apnea event.

[0039] Insome examples, the system 100 may employ one
or more pressure sensors in the air mask 130 to detect
changes in air pressure due to the wearer’s breathing cycles.
The changes in pressures may be rhythmic or periodic
during normal breathing, but prior to or during a sleep apnea
event, the pressure changes may become more erratic or may
cease altogether if the wearer stops breathing. Thus, sensor
information received from the pressure sensors may be
monitored by the controller 110 to detect potential sleep
apnea events. For example, a machine learning model may
be trained based on the wearer’s typical breathing cycle and
may be able to detect and output notifications if the breath-
ing cycle is interrupted.

[0040] At block 420, the controller 110 determines
whether a sleep apnea event has been detected based on the
monitored physiological parameter and one or more condi-
tions within a set of conditions. In this example, the con-
troller 110 monitors blood oxygen levels as discussed above
and evaluates both instantaneous blood oxygen levels and
rates of change of blood oxygen levels against the conditions
within the set of conditions. In this example, the conditions
include the following:

[0041] (i) instantaneous blood oxygen level less than
92%?
[0042] (i) rate of change of blood oxygen level greater

than 110% of average rate of change?
[0043] (iii) decreasing blood oxygen level?

[0044] The controller 110 may then determine whether
one or more of the conditions are satisfied to determine
whether a sleep apnea event has been detected. In this
example, the controller 110 may detect a sleep apnea event
if conditions (i) and (ii) are true, or if conditions (i) and (iii)
are true, or if all three conditions are true.

[0045] In this example, the controller 110 monitors both
instantaneous blood oxygen levels and rates of change of
blood oxygen levels over a rolling time period of approxi-
mately ten seconds. Thus, the controller 110 may evaluate
condition (i) with respect to the instantaneous blood oxygen
level based on a most recent sensor signal, while it may
evaluate conditions (ii) and (iii) using a determined rate of
change based on two or more of the most recent sensor
signals. Such conditions may be used to detect that the user’s
blood oxygen levels are lower than usual, indicating a
potential breathing issue. Further, a higher-than-average rate
of decrease may indicate that the breathing cycle has been
disturbed in some way, and a lower-than-average blood
oxygen level that continues to decrease may further indicate
breathing difficulty. Thus, such conditions may indicate that
a sleep apnea event is occurring.
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[0046] As discussed above, other types of sensors may be
employed instead of, or in addition to, blood oxygen sensors.
The controller 110 may employ conditions for sensor signals
from other types of sensors. For example, sensor signals
from one or more accelerometers may be analyzed to
determine head or mouth movement. The controller 110 may
employ a machine learning technique to determine different
types of head or mouth movements based on the received
sensor signals. The determined head or mouth movements
may be used to determine whether one or more conditions
have been satisfied, such as (i) is the head movement a
jerking movement?, (ii) is the head movement a rolling
movement?, (iii), is the head movement a rocking move-
ment?, (iv) is the mouth opening quickly?, etc. One or more
of these conditions may provide an indication that a sleep
apnea event is occurring.

[0047] In addition, one or more pressure sensors (or air
flow sensors) may be affixed to the air mask 130 to detect air
changes in air pressure within the air mask 130. During
normal breathing, pressure changes (or changes in air flow)
may be cyclical and regular. But during a sleep apnea event,
changes may be less pronounced, a cyclical pattern may
change in frequency or amplitude, or may halt entirely.
Thus, conditions associated with deviations from a cycle of
pressure or air flow changes may be employed to detect
potential sleep apnea events.

[0048] Additional types of sensors may be employed, such
as cameras or microphones may be employed to detect sleep
apnea events. Microphones may record audio signals of the
wearer’s breathing cycle, and may be used to detect devia-
tions from a regular breathing cycle or if the wearer stops
breathing for a period of time. A camera may be used to
monitor chest movement and the controller 110 may detect
sleep apnea events if monitored chest movements deviate
from a regular cycle, or stop entirely for a period of time.
Still additional types of sensors may be used according to
different examples to detect deviations from a wearer’s
normal breathing cycle.

[0049] While the above examples include examples
employing different types of sensors, conditions for multiple
different sensor types may be combined to obtain multiple
different indicators to determine whether a sleep apnea event
is occurring. The fusion of these different types of sensors
and their respective sensor information may provide a more
robust system for early detection of sleep apnea events,
including detecting the events before they have interrupted
the wearer’s sleep cycle, e.g., before the user begins gasping
for breath or wakes up.

[0050] At block 422, the controller 110 deactivates the air
supply device 120. For example, the controller 110 may
entirely deactivate the air supply device 120, such as by
disconnecting power to an air pump, or closing a valve from
a pressurized air cartridge. In some examples, the controller
110 may put the air supply device 120 in a standby mode.
For example, the controller 110 may leave an air pump
running, but close a vent to divert air from the air hose 122
into the environment. In such an example, the controller 110
may be able to more quickly reactivate the air pump by
changing a valve position rather than reactivating the air
pump, which may involve a delayed response as the pump
must return to an operating speed.

[0051] At block 430, the controller 110 activates the air
supply device 120. In this example, the controller 110
transmits a signal to the air supply device 120 to turn on an
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air pump. The air pump turns on and spins up to an operating
speed over a short period of time (e.g., a few seconds),
thereby pumping air through the air hose 122 into the air
mask 130. In another example, the controller 110 closes a
valve in the air supply device 120, where the air pump
remains active at all times. By closing the valve, the con-
troller 110 redirects air from being vented into the wearer’s
room and into the air hose 122 and to the air mask 130. In
a further example, the controller 110 opens a valve coupled
to a pressurized air cartridge to vent air from the cartridge to
the air mask 130.

[0052] In this embodiment, which describes a “closed-
loop” on-demand CPAP method, after the air supply device
has been activated at block 430, the method returns to block
420, where the controller continues to determine whether
sleep apnea event persists. In some examples, however, the
method 400 may be an “open-loop” on-demand CPAP
method, and the method 400 may return to block 422 after
a predetermined amount of time. For example, the controller
110 may deactivate the air supply device 422 after ten
seconds, before returning to monitor the wearer 101 at block
410. And while certain examples have been described above,
still further examples within the scope of the present dis-
closure.

[0053] Referring now to FIG. 5, FIG. 5 shows an example
computing device 500 suitable for use with one or more
systems and methods for on-demand CPAP therapy accord-
ing to this disclosure. The example computing device 500
includes a processor 510 which is in communication with
the memory 520 and other components of the computing
device 500 using one or more communications buses 502.
The processor 510 is configured to execute processor-ex-
ecutable instructions stored in the memory 520 to perform
insect sensing according to different examples, such as part
or all of the example method 400 described above with
respect to FIG. 4. The computing device, in this example,
also includes one or more user input devices 550, such as a
keyboard, mouse, touchscreen, microphone, etc., to accept
user input. The computing device 500 also includes a 552
display to provide visual output to a user.

[0054] The computing device also 500 includes a wireless
transceiver 530 and corresponding antenna 532 to allow the
computing device 500 to communicate wirelessly using any
suitable wireless communication protocol, including WiFi,
Bluetooth (“BT”), cellular, etc. techniques. The computing
device 500 also includes a communications interface 540
that enables communications with external devices, such as
one or more sensors, as described above. In some examples,
the communications interface 540 may enable communica-
tions using one or more networks, including a local area
network (“LAN”); wide area network (“WAN™), such as the
Internet; metropolitan area network (“MAN”); point-to-
point or peer-to-peer connection; etc. Communication with
other devices may be accomplished using any suitable
networking protocol. For example, one suitable networking
protocol may include the Internet Protocol (“IP”), Trans-
mission Control Protocol (“TCP”), User Datagram Protocol
(“UDP”), or combinations thereof, such as TCP/IP or UDP/
P

[0055] While some examples of methods and systems
herein are described in terms of software executing on
various machines, the methods and systems may also be
implemented as specifically-configured hardware, such as
field-programmable gate array (FPGA) specifically to
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execute the various methods. For example, examples can be
implemented in digital electronic circuitry, or in computer
hardware, firmware, software, or in a combination thereof.
In one example, a device may include a processor or
processors. The processor comprises a computer-readable
medium, such as a random access memory (RAM) coupled
to the processor. The processor executes computer-execut-
able program instructions stored in memory, such as execut-
ing one or more computer programs. Such processors may
comprise a microprocessor, a digital signal processor (DSP),
an application-specific integrated circuit (ASIC), field pro-
grammable gate arrays (FPGAs), and state machines. Such
processors may further comprise programmable electronic
devices such as PL.Cs, programmable interrupt controllers
(PICs), programmable logic devices (PLDs), programmable
read-only memories (PROMs), electronically programmable
read-only memories (EPROMs or EEPROMSs), or other
similar devices.

[0056] Such processors may comprise, or may be in com-
munication with, media, for example computer-readable
storage media, that may store instructions that, when
executed by the processor, can cause the processor to
perform the steps described herein as carried out, or assisted,
by a processor. Examples of computer-readable media may
include, but are not limited to, an electronic, optical, mag-
netic, or other storage device capable of providing a pro-
cessor, such as the processor in a web server, with computer-
readable instructions. Other examples of media comprise,
but are not limited to, a floppy disk, CD-ROM, magnetic
disk, memory chip, ROM, RAM, ASIC, configured proces-
sor, all optical media, all magnetic tape or other magnetic
media, or any other medium from which a computer pro-
cessor can read. The processor, and the processing,
described may be in one or more structures, and may be
dispersed through one or more structures. The processor
may comprise code for carrying out one or more of the
methods (or parts of methods) described herein.

[0057] The foregoing description of some examples has
been presented only for the purpose of illustration and
description and is not intended to be exhaustive or to limit
the disclosure to the precise forms disclosed. Numerous
modifications and adaptations thereof will be apparent to
those skilled in the art without departing from the spirit and
scope of the disclosure.

[0058] Reference herein to an example or implementation
means that a particular feature, structure, operation, or other
characteristic described in connection with the example may
be included in at least one implementation of the disclosure.
The disclosure is not restricted to the particular examples or
implementations described as such. The appearance of the
phrases “in one example,” “in an example,” “in one imple-
mentation,” or “in an implementation,” or variations of the
same in various places in the specification does not neces-
sarily refer to the same example or implementation. Any
particular feature, structure, operation, or other characteris-
tic described in this specification in relation to one example
or implementation may be combined with other features,
structures, operations, or other characteristics described in
respect of any other example or implementation.

[0059] Use herein of the word “or” is intended to cover
inclusive and exclusive OR conditions. In other words, A or
B or C includes any or all of the following alternative
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combinations as appropriate for a particular usage: A alone;
B alone; C alone; A and B only; A and C only; B and C only;
and A and B and C.

That which is claimed is:

1. A method comprising:

monitoring a physiological parameter of a wearer, the

physiological parameter associated with sleep apnea,
the wearer wearing an air mask connected to an air
supply device;

detecting a sleep apnea event based on the physiological

parameter; and

in response to detecting the sleep apnea event, activating

the air supply device.

2. The method of claim 1, further comprising maintaining
the air supply device in an inactive state during the moni-
toring and prior to detection of the sleep apnea event.

3. The method of claim 1, further comprising:

in response to detecting an end of the sleep apnea event,

deactivating the air supply device.

4. The method of claim 1, wherein the air supply device
comprises one of an air pump or a pressurized air canister.

5. The method of claim 1, wherein activating the air
supply device comprises providing air pressure to an air
mask worn by the wearer, wherein the air pressure comprises
substantially 4-30 centimeters of water pressure.

6. The method of claim 1, wherein the physiological
parameter is a blood oxygen saturation parameter.

7. The method of claim 6, wherein detecting the sleep
apnea event comprises detecting the blood oxygen saturation
below a predetermined threshold.

8. The method of claim 6, wherein detecting the sleep
apnea event is based on a rate of change of the blood oxygen
saturation for the wearer.

9. The method of claim 1, further comprising detecting a
change in air pressure in an air mask, and wherein the
physiological parameter is the air pressure.

10. The method of claim 1, wherein the physiological
parameter comprises head movement, and wherein moni-
toring the head movement comprises obtaining data from an
accelerometer affixed to an air mask.

11. A device comprising:

an air mask;

a sensor to detect a physiological parameter associated

with sleep apnea;

an air supply device connected to the air mask by a hollow

tube, the air supply device configured to supply air
pressure to the mask using the hollow tube; and

a controller comprising:

a non-transitory computer-readable medium; and
a processor in communication with the sensor, the air
supply device, and the non-transitory computer-read-
able medium, the processor configured to execute
processor-executable instructions stored in the non-
transitory computer-readable medium to:
receive sensor signals from the sensor;
monitor the physiological parameter based on the
received sensor signals;
detect a sleep apnea event based on the physiological
parameter; and
in response to detection of the sleep apnea event,
activate the air supply device to provide the air
pressure to the air mask.

12. The device of claim 11, wherein the processor is

configured to execute processor-executable instructions
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stored in the non-transitory computer-readable medium to
maintain the air supply device in an inactive state during the
monitoring and prior to detection of the sleep apnea event.

13. The device of claim 11, wherein the sensor is a blood
oxygen saturation sensor.

14. The device of claim 13, wherein the blood oxygen
saturation sensor is configured to be worn on the wearer’s
face on a ridge of bone substantially between the wearer’s
eyes.

15. The device of claim 13, wherein the processor is
configured to execute processor-executable instructions
stored in the non-transitory computer-readable medium to
detect a sleep apnea event if a blood oxygen saturation is
below a predetermined threshold.

16. The device of claim 13, wherein the processor con-
figured to execute processor-executable instructions stored
in the non-transitory computer-readable medium to deter-
mine a rate of change in the blood oxygen saturation, and
detect a sleep apnea event based on the rate of change in the
blood oxygen saturation.

17. The device of claim 11, wherein the sensor is a
pressure sensor or an accelerometer coupled to the air mask.

18. The device of claim 17, wherein the processor con-
figured to execute processor-executable instructions stored
in the non-transitory computer-readable medium to detect a
change in air pressure in an air mask, and wherein the
physiological parameter is the change in air pressure.

19. The device of claim 17, wherein the processor con-
figured to execute processor-executable instructions stored
in the non-transitory computer-readable medium to detect
head movement based on sensor signals received from the
accelerometer, and wherein the physiological parameter is
head movement.

20. The device of claim 11, wherein the processor con-
figured to execute processor-executable instructions stored
in the non-transitory computer-readable medium to, in
response to detection of an end of the sleep apnea event,
deactivate the air supply device.

21. The device of claim 11, wherein the air supply device
comprises one of an air pump or a pressurized air canister.

22. The device of claim 11, wherein the air pressure
comprises substantially 4-30 centimeters of water pressure.

23. The device of claim 11. wherein the controller is
coupled to the air mask.

24. A non-transitory computer-readable medium compris-
ing processor-executable instructions configured to cause a
processor to:

receive sensor signals from a sensor to detect a physi-

ological parameter associated with sleep apnea;
monitor the physiological parameter based on the
received sensor signals;

detect a sleep apnea event based on the physiological

parameter; and

in response to detection of the sleep apnea event, activate

an air supply device to provide air pressure to an air
mask.

25. The non-transitory computer-readable medium of
claim 24, wherein the processor-executable instructions are
further configured to cause the processor to maintain the air
supply device in an inactive state during the monitoring and
prior to detection of the sleep apnea event.

26. The non-transitory computer-readable medium of
claim 24, wherein the sensor is a blood oxygen saturation
sensor and wherein the processor-executable instructions are
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further configured to cause the processor to detect a sleep
apnea event if a blood oxygen saturation is below a prede-
termined threshold.

27. The non-transitory computer-readable medium of
claim 24, wherein the sensor is a blood oxygen saturation
sensor and wherein the processor-executable instructions are
further configured to cause the processor to determine a rate
of change in the blood oxygen saturation, and detect a sleep
apnea event based on the rate of change in the blood oxygen
saturation.

28. The non-transitory computer-readable medium of
claim 24, wherein the sensor is a pressure sensor and
wherein the processor-executable instructions are further
configured to cause the processor to detect a change in air
pressure in an air mask, and wherein the physiological
parameter is the change in air pressure.

29. The non-transitory computer-readable medium of
claim 24, wherein the sensor is an accelerometer coupled to
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the air mask and wherein the processor-executable instruc-
tions are further configured to cause the processor to detect
head movement based on sensor signals received from the
accelerometer, and wherein the physiological parameter is
head movement.

30. The non-transitory computer-readable medium of
claim 24, wherein the processor-executable instructions are
further configured to cause the processor to, in response to
detection of an end of the sleep apnea event, deactivate the
air supply device.

31. The non-transitory computer-readable medium of
claim 24, wherein the air supply device comprises one of an
air pump or a pressurized air canister.

32. The non-transitory computer-readable medium of
claim 24, wherein the air pressure comprises substantially
4-30 centimeters of water pressure.
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