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(57) ABSTRACT

Certain examples described herein relate to acoustic detec-
tion mask systems and/or methods. In certain examples, an
acoustic detection mask system is provided. An example
acoustic detection mask system includes a mask having a
microphone located therein or thereon. The microphone is
connected to a data logger that is configured to capture
vibrations and/or sounds registered by the microphone. The
data logger may store such information in a computer
readable storage media thereof for subsequent analysis, e.g.,
via a computer program accessing such data after the data
logger is connected to a separate computer system. The
microphone may be positioned and the data analyzed so as
to determine differences between oral and nasal breathing, as
well as sleep-disordered breath and/or snoring. Such com-
ponents may be provided as a part of a system or in any
suitable combination or sub-combination. Associated meth-
ods also are described herein as a part of the technology.
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ACOUSTIC DETECTION MASK SYSTEMS
AND/OR METHODS

CROSS REFERENCE TO APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/344,894 filed Nov. 5, 2010, of
which is incorporated herein by reference in its entirety.

FIELD OF TECHNOLOGY

[0002] The technology described herein relates to detec-
tion and/or diagnostic techniques for sleep-disordered
breathing and/or the like. More particularly, the technology
described herein relates to acoustic detection mask systems
and/or methods.

BACKGROUND OF TECHNOLOGY

[0003] Sleep-disordered breathing (SDB) encompasses a
group of disorders where the breathing pattern or quality of
ventilation is abnormal during sleep. Obstructive sleep
apnea (OSA), is characterized by repetitive closing or col-
lapse of the upper airway and partial or complete diminution
of breathing.

[0004] OSA is often accompanied by snoring. Thus, many
CPAP devices seek to determine the occurrence of snoring
and to quantify it. For example, U.S. Pat. No. 6,840,907
provides a device having a sensor array and processor that
is capable of analyzing snore. In particular, it measures the
snore amplitude of the patient by passing digitized snoring
signals through a high pass filter with a low frequency
cut-off of approximately 10 Hz, calculating the modulus of
each resulting signal, summing all the moduli, and passing
the sum through a low pass filter with a high frequency
cut-off of between 0.5 and 2 Hz. The processor also mea-
sures the harmonic purity of the patient’s snore, that is, its
closeness in form to a simple sine wave on the assumption
that a non-obstructive snore has a different degree of har-
monic purity than an obstructive one. Further, the system
produces a measure of the harmonic stability of the patient’s
snore, that is, the accuracy with which one cycle of the snore
signal matches its predecessor on the assumption that a
non-obstructive snore has a different degree of harmonic
stability than an obstructive one.

[0005] U.S. Pat. No. 6,705,315 describes a CPAP appara-
tus having a sound transducer and a system that responds to
sound indicative of snoring.

[0006] For effective delivery of treatment pressure in an
auto-titrating CPAP device, the treatment may be applied at
the first sign of impending obstruction. In many patients, an
apneic (obstructive) episode is associated with, e.g., pre-
ceded and/or followed, by a snore. Therefore, detection of
snore is sometimes beneficial when attempting to preemp-
tively delivery therapy.

[0007] U.S. Publication No. 2008/0308105, assigned to
the assignee of the instant invention, describes a positive
airway pressure (PAP) apparatus that determines the pres-
ence of a snore by the simplified method of using filtered
expiratory noise as the measure of trinsic device noise and
comparing that to filtered inspiratory noise. The filtering
time constants for inspiratory and expiratory noise are
adjusted such that treatment pressure has a reduced likeli-
hood of causing false snore detection. In this way, economi-
cal, simplified techniques for detecting snoring in a patient
receiving pressurized air from a PAP device are provided.
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[0008] The entire contents of the above-listed patents and
published patent application are hereby incorporated herein
by reference.

[0009] However, the largest factor preventing treatment of
sleep apnea and other forms of sleep-disordered breathing is
believed to be the very low rates of diagnosis. Many current
devices for detecting OSA, for instance, are hard for patients
to access, as they are located in sleep labs and therefore
require scheduled time away from the home, e.g., for
participation in a sleep study. Other current devices for
detecting OSA, for instance, are quite expensive. And still
other current devices simply are not effective.

[0010] Thus, it will be appreciated that there is a need in
the art for improved assessment techniques.

SUMMARY OF TECHNOLOGY

[0011] An example of the present technology relates to a
mask system, the mask system comprising a sensor or
transducer adapted to detect noise from the patient’s air-
ways.

[0012] An example of the present technology relates to a
mask system, the mask system comprising a sensor or
transducer adapted to detect noise from the patient’s air-
ways, the microphone being so positioned to detect if the
noise is from the patient’s mouth or the patient’s nose, or
both.

[0013] An example of the present technology relates to a
mask system, the mask system comprising a sensor or
transducer, wherein the sensor or transducer is a micro-
phone.

[0014] An example of the present technology relates to a
mask systen, the mask system comprising a sensor or
transducer connected to a data logger.

[0015] An example of the present technology relates to a
mask system, the mask system comprising a sensor or
transducer, the mask having attachment regions proximal the
patient’s mouth.

[0016] An example of the present technology relates to a
mask system, the mask system comprising a sensor or
transducer, the mask having a malleable component adapted
to shape the mask to the patient’s face, including for
example the patient’s nose.

[0017] An example of the present technology relates to a
mask system, the mask system comprising a sensor or
transducer, the mask not forming a seal with the patient’s
airways.

[0018] In certain examples of the technology described
herein, an acoustic detection mask system is provided. An
example acoustic detection mask system includes a mask
having a microphone located therein or thereon. The micro-
phone is connected to a data logger that is configured to
capture vibrations and/or sounds registered by the micro-
phone. The data logger may store such information in a
computer readable storage media thereof for subsequent
analysis, e.g., via a computer program accessing such data
after the data logger is connected to a separate computer
system. The microphone may be positioned and the data
analyzed so as to determine differences between oral and
nasal breathing, as well as sleep-disordered breath and/or
snoring. Such components may be provided is a part of a
system or in any suitable combination or sub-combination.
Associated methods also are described herein as a part of the
technology.
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[0019] Certain examples of the technology relate to an
acoustic mask system and related techniques. The acoustic
mask system of certain examples of the technology
described herein involves a mask having a microphone
connected thereto, as well as a data logger. The data logger
records data from the patient, which data may be later
analyzed to help diagnose the patient. The positioning of the
microphone relative to the overall mask advantageously
makes it possible to distinguish between different types of
breathing, snoring, etc., and may allow the data to be
processed so as to distinguish apneic, hypopneic, and/or
other sleep-disordered breathing events. These example
components will be described in greater detail below. Such
components may be provided as a part of a system or in any
suitable combination or sub-combination. Associated meth-
ods also are described herein as a part of the technology.
[0020] An example aspect of the disclosed technology
relates to the overall acoustic mask system.

[0021] One example aspect of the disclosed technology
relates to a mask for use with the overall acoustic mask
system.

[0022] Another example aspect of the disclosed technol-

ogy relates to mask designs that are adapted to form a seal
with the patient’s face and/or that are not adapted to seal
with the patient’s face.

[0023] Another example aspect of the disclosed technol-
ogy relates to at least one area on the mask facilitating
attachment of the mask to the patient’s face. For instance, an
adhesive area, e.g., first and second adhesive areas for
attachment, e.g., to right and left sides of the patient’s face,
respectively. Other forms of the technology also are envi-
sioned such as, for example, mechanisms coupling the mask
to the head, e.g., via headgear supports that fit over the ears,
eyes (such as glasses), around the patient’s head etc.
[0024] Another example aspect of the disclosed technol-
ogy relates to at least one strap of the mask adapted to fit at
least partly around at least a portion of the patient’s head for
facilitating attachment of the mask to the patient’s face.
[0025] Another example aspect of the disclosed technol-
ogy relates to forming the mask from a flexible textile
material. For instance, inner and outer components may be
provided, with at least one being formed from a flexible
textile material.

[0026] Another example aspect of the disclosed technol-
ogy relates to at least one deformable element for fitting the
mask to the patient’s face. For instance, the at least one
deformable element may be located in or on the mask and
may be adapted to directly or indirectly contact a bridge or
tip of the patient’s nose. As another example, multiple
deformable element may be provided, e.g., from for being
proximate to the nose and/or chin.

[0027] Another example aspect of the disclosed technol-
ogy relates to a microphone in or on the mask. The micro-
phone may be, for instance, a contact/moving coil, con-
denser, dynamic, ribbon, PZT, or other type of microphone.
Similarly, polar patterns such as, for example, omnidirec-
tional, cardioid, boundary, etc., may be used in certain
example instances.

[0028] Another example aspect of the disclosed technol-
ogy relates to locating the microphone in or on the mask
such that, when the mask is attached to the patient’s face, the
microphone is proximate to the patient’s upper lip in a
vertical direction and proximate the center of the patient’s
face in a horizontal direction.
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[0029] Another example aspect of the disclosed technol-
ogy relates to using the microphone of the mask to register
noise/vibrations resulting from at least the patient’s oral and
nasal breathing, as well as the patient’s snoring. For
instance, the noise/vibrations registered may vary in depen-
dence on the type of breathing, as well as the patient’s
snoring, such that the vibrations are distinguishable from
one another based on the type of breathing, as well as the
patient’s snoring.

[0030] Another example aspect of the disclosed technol-
ogy relates to using the microphone such that the sounds
registered vary in dependence on the type of breathing, as
well as the patient’s snoring, and such that the sounds are
distinguishable from one another based on the type of
breathing, as well as the patient’s snoring.

[0031] Still another example aspect of the disclosed tech-
nology relates to a data logger for use with the overall
acoustic mask system.

[0032] Still another example aspect of the disclosed tech-
nology relates to a second microphone, in or on the data
logger, which is configured to detect background, ambient,
and/or environmental noise.

[0033] Still another example aspect of the disclosed tech-
nology relates to a computer connection supporting a data
connection between the data logger and an external com-
puter system.

[0034] Still another example aspect of the disclosed tech-
nology relates to a storage medium of the data logger that
stores an analysis program executable by an external com-
puter system after the data connection between the data
logger and the external computer system is established.
[0035] Still another example aspect of the disclosed tech-
nology relates to an analysis program that is configured to
automatically execute when the data connection between the
data logger and an external computer system is established.
[0036] Still another example aspect of the disclosed tech-
nology relates to executing the analysis program directly
from the data logger.

[0037] Yet another example aspect of the disclosed tech-
nology relates to a computer analysis program. For instance,
the analysis program may comprise instructions, that when
executed by at least one processor, causes the at least one
processor to execute method steps.

[0038] Yet another example aspect of the disclosed tech-
nology relates to an informational card with which the data
logger is packaged. For instance, the card may be foldable
and may contain information regarding the use of the
acoustic mask system or a component thereof (such as, for
example, the mask, the data logger, the microphone, the
computer analysis program, etc.), information as to what to
do when the test cycle is completed, where to obtain
treatment and/or further information, etc.

[0039] Yet another example aspect of the disclosed tech-
nology relates to a microphone for use with an acoustic mask
system, e.g., as described herein. In certain example cases,
the microphone may be configured to register sound, vibra-
tion, and/or noise due to patient nasal breathing, mouth
breath, and/or snore with a sufficient level of detail or at a
sufficient level of fidelity such that the sound, vibration,
and/or noise can be classified as being caused by patient
nasal breathing, mouth breath, and/or snore. Similarly, in
certain examples of the technology disclosed herein, an
analysis program configured to obtain data from the micro-
phone, a data logger, a computer system, etc., may be



US 2018/0338743 Al

controllable to distinguish sound, vibration, and/or noise due
to patient nasal breathing, mouth breath, and/or snore.
[0040] A further example aspect of the disclosed technol-
ogy relates to detecting a likely apneic and/or hypopneic
events in registered sound.

[0041] A further example aspect of the disclosed technol-
ogy relates to approximating a noise level by calculating an
envelope of the microphone signal. For instance, the calcu-
lating of the envelope may be practiced by taking the square
root of the sum of the signal squared and the Hilbert
Transform of the signal.

[0042] A further example aspect of the disclosed technol-
ogy relates to identifying a cession in flow by identifying a
drop in the envelope below a first predefined threshold level.
In certain instances, the first predefined threshold level may
be adjusted based on background noise, stationary noise,
and/or electrical interference. A likely apneic event may be
taking or have taken place when the cession lasts for at least
a first predefined amount of time.

[0043] A further example aspect of the disclosed technol-
ogy relates to identifying at least one breathing cycle based
on minima in the envelope.

[0044] A further example aspect of the disclosed technol-
ogy relates to identifying a likely hypopneic event when the
envelope indicates a reduction in flow below a second
predefined threshold level for at least a second predefined
amount of time.

[0045] A further example aspect of the disclosed technol-
ogy, relates to improving the detecting of the likely apneic
and/or hypopneic events by cross-referencing the detecting
with signals from an oximeter, pressure or flow sensor,
temperature sensor, and/or humidity sensor.

[0046] A further example aspect of the disclosed technol-
ogy relates to calculating a probability for the detected likely
apneic and/or hypopneic events.

[0047] A further example aspect of the disclosed technol-
ogy relates to estimating total airway resistance and/or
compliance at an airway resonant frequency.

[0048] A computer readable storage medium may com-
prise instructions that perform these and/or other aspects
when executed by a computer.

[0049] According to certain examples of the technology
disclosed herein, an acoustic mask system is provided. A
mask is adapted to attach to a patient’s face, with the mask
comprising a microphone configured to register sound
resulting from at least the patient’s oral and nasal breathing,
as well as the patient’s snoring. A data logger is connected
to the microphone of the mask, with the data logger includ-
ing a non-transitory computer readable storage medium
configured to store data representing the sound registered by
the microphone.

[0050] According to certain examples of the technology
disclosed herein, an acoustic mask system is provided. A
mask is adapted to attach to a patient’s face and is further
adapted to vibrate in dependence on different types of
airflows from the patient such that different types of breath-
ing and/or snoring respectively generate identifiable and
distinguishable vibrations in the mask, with the mask com-
prising a microphone configured to register sound resulting
from any generated vibrations. A data logger connected to
the microphone of the mask, with the data logger including
a non-transitory computer readable storage medium config-
ured to store data representing the sound registered by the
microphone.
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[0051] According to certain examples of the technology
disclosed herein, an acoustic mask system is provided. A
mask is adapted to attach to a patient’s face, with the mask
comprising a microphone configured to receive sound result-
ing from airflows generated by the patient, and with the
sound being classifiable as one of a plurality of different
types of breathing and/or snoring by virtue of the sound
received by the microphone. A data logger is connected to
the microphone of the mask, with the data logger including
a non-transitory computer readable storage medium config-
ured to store data representing the sound registered by the
microphone.

[0052] According to certain examples of the technology
disclosed herein, there is provided an acoustic mask for use
with an acoustic mask system comprising the mask and a
data logger configured to receive sound signals from a
microphone of the acoustic mask. The mask is adapted to
attach to a patient’s face. The microphone of the mask is
configured to register sound resulting from at least the
patient’s oral and nasal breathing, as well as the patient’s
snoring. The sound received by the microphone varies in
dependence on the type of breathing, as well as the patient’s
snoring, such that sounds are distinguishable from one
another based on the type of breathing, as well as the
patient’s snoring.

[0053] According to certain examples of the technology
disclosed herein, there is provided a data logger for use with
an acoustic mask system comprising a mask adapted to
attach to a patient’s face. The mask comprises a microphone
configured to register sound resulting from at least the
patient’s oral and nasal breathing, as well as the patient’s
snoring. The data logger comprises: at least one processor;
a microphone input configured to receive output from the
microphone of the mask; and a non-transitory computer
readable storage medium configured to store data represent-
ing the sound registered by the microphone.

[0054] According to certain examples of the technology
disclosed herein, there is provided a non-transitory computer
readable storage medium storing a program comprising
instructions that, when executed by a processor, cause a
computer to perform method steps. The method steps
include, for example, accessing data representing sounds
registered by a microphone of a mask in an acoustic mask
system comprising the mask and a data logger, with the
sound resulting from any oral and nasal breathing of a
patient, as well as any snoring by the patient; and analyzing
the data representing the sound registered by the microphone
of the mask.

[0055] According to certain examples of the technology
disclosed herein, there is provided a method of capturing
data from a mask connected to an acoustic mask system that
includes the mask, a microphone connected to the mask, and
a data logger. The method comprises, for example, attaching
the mask to a patient’s face; connecting the microphone to
the data logger; and storing data representing sound regis-
tered by the microphone on a storage medium of the data
logger, with the sound being generated as a result of vibra-
tions of the mask corresponding to at least the patient’s oral
and nasal breathing, as well as the patient’s snoring, and
with sounds being distinguishable from one another and
each identifying a corresponding type of breathing and/or
snoring.

[0056] According to certain examples of the technology
disclosed herein, there is provided a method of analyzing
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data collected from a mask connected to an acoustic mask
system that includes the mask, a microphone connected to
the mask, and a data logger. The method comprises, for
example, connecting the data logger to a computer via a
computer connection; executing a program storing instruc-
tions that, when executed, cause the computer to analyze the
data; and displaying results of said analyzing via the com-
puter system, and/or transmitting the results to a remote
location for further analysis. The data represents sounds
registered by the microphone connected to the mask, with
the sound being generated as a result of vibrations of the
mask corresponding to at least the patient’s oral and nasal
breathing, as well as the patient’s snoring, and with sounds
being distinguishable from one another and each identifying
a corresponding type of breathing and/or snoring.

[0057] According to certain examples of the technology
disclosed herein, data may first be captured and then ana-
lyzed, e.g., in accordance with the examples described
herein.

[0058] Other aspects, features, and advantages of this
technology will become apparent from the following
detailed description when taken in conjunction with the
accompanying drawings, which are a part of this disclosure
and which illustrate, by way of example, principles of this
technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] The accompanying drawings facilitate an under-
standing of the various examples of this technology. In such
drawings:

[0060] FIG. 1A is a simplified view demonstrating a
working principle for certain examples in which air diffusion
from an oral flow through a mask creates detectable vibra-
tions, sound, noise, and/or the like;

[0061] FIG. 1B is a simplified view demonstrating a
working principle for certain examples in which air diffusion
from a nasal flow through a mask creates detectable vibra-
tions, sound, noise, and/or the like;

[0062] FIG. 1C is a simplified view demonstrating a
working principle for certain example in which air diffusion
through a mask resulting from snoring creates detectable
vibrations, sound, noise, and/or the like;

[0063] FIG. 2 is a partial perspective view of an acoustic
mask system in accordance with certain examples of the
technology disclosed herein;

[0064] FIG. 3 is a partial perspective view of an acoustic
mask in accordance with certain examples of the technology
disclosed herein;

[0065] FIG. 4 is an exploded partial schematic view of an
acoustic mask in accordance with certain examples of the
technology disclosed herein;

[0066] FIG. 5 is an exploded partial schematic view of a
data logger for use with an acoustic mask system in accor-
dance with certain examples of the technology disclosed
herein;

[0067] FIG. 6 is an enlarged partial perspective view of a
data logger for use with an acoustic mask system in accor-
dance with certain examples of the technology disclosed
herein;

[0068] FIGS.7A and 7B show example steps for attaching
an example acoustic mask to a patient’s face in accordance
with certain examples of the technology disclosed herein;
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[0069] FIG. 7C shows an example acoustic mask on a
patient’s face in accordance with certain examples of the
technology disclosed herein;

[0070] FIG. 8 is a block diagram showing illustrative
components of a data logger for use with an acoustic mask
system in accordance with certain examples of the technol-
ogy disclosed herein;

[0071] FIG. 9 is a flowchart showing illustrative steps for
using the acoustic mask system of certain examples of the
technology disclosed herein;

[0072] FIG. 10 is an example view showing an illustrative
data logger connected to a computer system in accordance
with certain examples of the technology disclosed herein;
[0073] FIG. 11 is a graph illustrating example sound
pressures in the mask for “normal” breathing;

[0074] FIG. 12 is a graph showing an example micro-
phone signal,
[0075] FIG. 13 is a graph showing an example of where

the envelope has been calculated by taking the square root
of the sum of the signal squared and the Hilbert Transform
of the signal in accordance with certain examples of the
technology disclosed herein;

[0076] FIG. 14 is a graph that in which a breath period,
including expiration and inspiration periods, are identified,
e.g., in connection with the detection of minima;

[0077] FIG. 15 is a graph that shows a likely apneic event;
and

[0078] FIG. 16 is a graph that shows a likely hypopneic
event.

DETAILED DESCRIPTION OF ILLUSTRATED
EXAMPLES

[0079] The following description is provided in relation to
several examples (most of which are illustrated, some of
which may not) which may share common characteristics
and features. It is to be understood that one or more features
of any one example may be combinable with one or more
features of the other examples. In addition, any single
feature or combination of features in any of the examples
may constitute additional examples.

[0080] In this specification, the word “comprising” is to be
understood in its “open” sense, that is, in the sense of
“including”, and thus not limited to its “closed” sense, that
is the sense of “consisting only of”. A corresponding mean-
ing is to be attributed to the corresponding words “com-
prise”, “comprised”, and “comprises” where they appear.
[0081] The term “air” will be taken to include breathable
gases, for example air with supplemental oxygen.

[0082] Certain examples of the technology disclosed
herein relate to an acoustic mask system and related tech-
niques. The acoustic mask system of certain examples of the
technology disclosed herein involves a mask having a
microphone connected thereto, as well as a data logger. The
data logger records data from the patient, which data may be
later analyzed to help diagnose the patient. The positioning
of the microphone relative to the overall mask advanta-
geously makes it possible to distinguish between different
types of breathing, snoring, etc., and may allow the data to
be processed so as to predict apneic, hypopneic, and/or other
sleep-disordered breathing events. These example compo-
nents will be described in greater detail below. Such com-
ponents may be provided as a part of a system or in any
suitable combination or sub-combination. Associated meth-
ods also are described herein as a part of the technology.
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[0083] Referring now more particularly to the drawings in
which like numerals indicate like components throughout
the several views, FIGS. 1A-1C demonstrate working prin-
ciples for certain examples of the technology disclosed
herein. These figures collectively show a mask 102 having
a sensor or transducer, such as a microphone, 104 connected
or attached thereto. As the patient breaths in and out, the air
flow vibrates within the mask and creates sounds. These
sounds may be detected by the microphone 104. The inven-
tors have discovered that the mask 102 can be made to
vibrate and/or produce a sound if the microphone 104 is
appropriately positioned relative to the overall mask 102.
The inventors also have discovered that different types of
breathing may produce unique, or at least distinguishable,
vibrations and/or sounds. For instance, oral breathing will in
such cases have a different sound than nose breathing.
Various different example flows are shown schematically in
FIGS. 1A-1C. It will be appreciated that certain examples of
the technology disclosed herein may monitor the sound of
the air from the patient and/or the sound that exhaled air
makes against the mask material. In certain example, both
may be measured (e.g., by respective microphones) and they
may be compared, e.g., for cross-checking purposes or the
like.

[0084] FIG. 1A is a simplified view demonstrating a
working principle for certain examples in which air diffusion
from an oral flow through a mask creates detectable vibra-
tions, sound, noise, and/or the like. Air flow from the mouth
(Fo) may flow substantially perpendicular to the vertical
plane of the patient’s face and also the vertical plane of the
mask 102.

[0085] In contrast with FIG. 1A, FIG. 1B is a simplified
view demonstrating a working principle for certain
examples in which air diffusion from a nasal flow through a
mask creates detectable vibrations, sound, noise, and/or the
like. Air flow from the nose (F,) may flow substantially
parallel or have a parallel component to the vertical plane of
the patient’s face and the mask 104. Indeed, as can be seen
from FIG. 1B, there is a significant substantially vertical
component to the air flow from the nose F,,. Therefore, the
sound created by the air flow from the mouth (e.g., as in FIG.
1A) may be different from the sound of the air flow from the
nose (e.g., as in FIG. 1B).

[0086] Tt is useful to know if the patient habitually nose
and/or mouth breaths as this information may be utilized by
a physician or doctor in order to determine the patient’s
breathing habits, and if they are to prescribe CPAP treat-
ment, which mask or mask system may be most appropriate
for the patient (e.g. nasal, full face, nasal with a chin strap).
[0087] Still further, FIG. 1C is a simplified view demon-
strating a working principle for certain examples in which
air diffusion through a mask resulting from snoring creates
detectable vibrations, sound, noise, and/or the like. As can
be seen from FIG. 1C, snoring signals may be received and
detected, and possibly ultimately distinguished from any
detected oral and/or nasal flows, as they each may have a
different sound pattern including distinct vibration patterns.
[0088] In certain examples of the technology disclosed
herein, the microphone may be positioned such that sub-
stantially no sound is detectable by unobstructed oral and/or
nasal breathing. This may be accomplished, for example, if
the amount of vibrations caused by such breathing is kept at
a low level (e.g., at or below a threshold sensitivity level of
the microphone).
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[0089] FIG. 2 is a partial perspective view of an acoustic
mask system in accordance with certain examples of the
technology disclosed herein. As indicated above, the acous-
tic mask system of certain examples includes a mask 102
that incorporates a microphone 104. At least one deformable
element 106 may be included in the mask 102 so as to help
it fit snugly and comfortably against the patient’s face (e.g.,
the bridge of the nose). In the FIG. 2 example, the micro-
phone 104 is in connected via a wire 108 with a data logger
110. In general, a patient wears the mask 102. The micro-
phone 104 picks up sound caused, for example, by sounds
and/or vibrations in the mask 102 that result from the mouth
and/or nasal breathing, as well as snoring. Such data is
recorded in the data logger 110 for later analysis, e.g., on a
computer (not shown in FIG. 2). Further details on each of
the components shown in FIG. 2 are provided below.
[0090] FIG. 3 is a partial perspective view of an acoustic
mask 102 in accordance with certain examples of the
technology disclosed herein. The mask 102 in general may
be made from a fabric or soft component that may adhe-
sively attach to the patient’s face. It may also be attached by
straps and/or other attachment means. The fabric may be
polyester, cotton, felt, 3D webbing, elastic, weaves, or other
suitable fabric. There may be a fabric on the patient con-
tacting side and a second fabric on the non-patient contact-
ing side. There also may be one or more internal layer(s)
including other fabrics, spacers, foam, reinforcement, lami-
nates, etc, or electronic equipment may be built in such as
sensors, cables, microphone, etc.

[0091] The mask 102 may or may not seal. Although the
mask 102 need not seal, in certain examples, the microphone
210 connected to the mask 102 should be able to register
sounds from the patient’s nose and/or mouth. In that regard,
the mask 102 may cover both the nose and mouth of the
patient in certain examples.

[0092] The mask 102 may be a “one-size-fits-all” type
mask in certain examples, e.g., as in the case of the FIG. 3
example. However, in certain examples of the technology
disclosed herein, different size masks may be provided (e.g,,
plural masks may be designated as small/medium/large/
extra large, numbered, sized in inches or centimeters, etc.).
In further examples, one-size-fits-all and/or differently sized
masks may be at least partially adjustable, e.g., by virtue of
straps, repositionable adhesive means, hook and loop, slid-
ing, folding, overlapping, and/or suitable combinations
thereof.

[0093] The mask 102 may be permeable (e.g., because it
is formed from an air-permeable material) so as to aid in
venting in certain examples. In addition, or in the alternative,
one or more vents may be provided. In certain examples of
the technology disclosed herein, the mask may not be
permeable but have a distinct vent, whereas the mask may
not seal to ensure venting from the mask in other examples.
[0094] As shown in FIG. 3, the mask 102 is attached to a
cable 108 which, in turn, is connected to a data logger (not
shown in FIG. 3 but described in greater detail below). The
cable 108 may include a plug 1084 at one end. The plug
1084 may be, for example, an industry-standard plug such as
a mini-plug, a micro-mini plug, and/or the like. In certain
examples of the technology disclosed herein, the connection
between the microphone 104 in the mask 102 and the data
logger may be a fixed or removable wire connection. In
certain of such cases, the cable 108 may or may not be
removable from the microphone and/or data logger. In
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certain examples of the technology disclosed herein, a
wireless connection may be provided between the micro-
phone 104 in the mask 102 and the data logger.

[0095] FIG. 4 is an exploded partial schematic view of an
acoustic mask in accordance with certain examples of the
technology disclosed herein. The mask in the FIG. 4
example includes outer and inner portions 402 and 404. The
outer portion 402 of the mask may have a feature 406 for
accommodating a fitting element 106. In certain examples,
the feature 406 may be, for example, a sleeve, pocket, or
other compartment far holding the fitting element 106 in
place. In certain other examples, the feature 406 may be a
recess or hole for accommodating the fitting element 106. In
certain examples, the fitting element 106 may be made from
an at least partially deformable material such as, for
example, aluminum. The fitting element 106 may provide at
least initial shape to the overall mask. Depending on the
malleability and/or overall deformability of the fitting ele-
ment 106, a patient may be able to further customize the fit
of the overall mask, e.g., by placing it over the nose and
mouth, and squeezing the fitting element 106 into a com-
fortable place. Of course, other materials aside from, or in
addition to aluminum may be used for fitting element 106.
Such materials may include metals and metal alloys, plas-
tics, polymers, and/or the like.

[0096] The fitting element 106 may be a rigid or semi-
rigid component in certain examples of the technology
disclosed herein. It may be placed aver at the nose bridge
and/or at other areas to aid in positioning and/or sealing the
mask. The fitting element 106 may be placed between
layer(s) or fabric or other materials, and it may be mechani-
cally or chemically attached to the mask (or a portion thereof
such as, far example an inner and/or outer portion thereof).
For instance, a rigid or semi-rigid element may be wholly
enclosed by the layers by, for example, gluing, stitching,
welding, ultrasonic welding, thermoforming, etc. The fitting
element 106 may not be wholly within the layers in that, for
example, a rigid or semi-rigid strip-like or other shaped
element may have one or more exposed portion(s) to, far
instance, provide a grip tab, enabling the patient to peel off
the mask after a sleep session.

[0097] One or more fitting element(s) may be provided.
For instance, two fitting strips may be provided for the nose
bridge and just over the chin. Certain examples of the
technology disclosed herein may use other shapes in place of
or in addition to generally elongate strips. For example, a
generally circular or ovular semi-rigid or rigid element may
be provided so as to be positionable over both the nose
bridge and above the chin, etc.

[0098] One or more sensors or transducers, for example a
microphone, 104 may be provided to the mask, e.g., one
tuned and/or positioned for each type of noise. For instance,
a protrusion 408 in the outer portion 402 and/or of the mask
and a recess or hole 410 (e.g., through-hole) in the inner
portion 404 of the mask may be provided for accommodat-
ing the microphone 104. The protrusion 408 in the FIG. 4
example includes a small through-hole such that a cable 108
can be nm from the microphone to the data logger (e.g., as
described in greater detail below). In certain examples of the
technology disclosed herein, the microphone 104 may be
provided in a fixed position, e.g., if it is sewn or otherwise
integrated into the overall mask. However, in certain
examples, the microphone 104 may be movable and/or
repositionable, e.g., by the patient. For instance, the micro-
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phone 104 may be movable so that a patient can position it
relative to a prescribed position on the mask. Such a position
may be, for example, level with or slightly above the upper
lip in substantially the center of the face in certain example
instances.

[0099] In the FIG. 4 example, an adhesive material (not
shown) is provided to a side of the inner portion 404 that is
to contact the person’s face. To at least initially protect the
adhesive material, adhesive backings 412 may be provided.
In the FIG. 4 example in particular, left and right adhesive
backings 412a and 4124 are provided, e.g., such that the
mask can be adhered to the patients face at at least these
positions. More or fewer adhesive locations and thus more
or fewer adhesive backings 412 may be provided in different
examples of the technology disclosed herein.

[0100] FIG. 5 is an exploded partial schematic view of a
data logger 110 for use with an acoustic mask system in
accordance with certain examples of the technology dis-
closed herein, and FIG. 6 is an enlarged partial perspective
view of a data logger 110 for use with an acoustic mask
system in accordance with certain examples of the technol-
ogy disclosed herein. The data logger 110 a simple audio
recording device containing storage medium 510 (e.g., a
flash memory), a battery, and a printed circuit board (PCB)
508, logic card, or the like, that performs audio encoding.
The data logger 110 in certain examples may be activated
automatically, e.g., when the audio cable 108 is plugged in.
This may be accomplished through the use of a pair of
contacts that are connected by the plug 514 itself.

[0101] The data logger 110 may be packaged with printed
material 502, e.g., on a card or the like. The printed material
502 may include instructions for use of the mask system
and/or components thereof, contact information for a sleep
clinic in the area from which the data logger 110 was
acquired (e.g., purchased, borrowed, etc.), etc.

[0102] To help protect the components of the data logger,
a first outer housing 504 may be provided. The first outer
housing 504 may include openings 504a and 5045 for
accommodating plugs for the microphone on the mask and
a computer (e.g., USB) connection. An inner housing 506
may have similar openings 506a and 5065, and may store
the PCB 508, together with the storage medium 510, a
microphone 512, and the microphone and computer connec-
tions 514 and 516. Although the storage medium 510 may be
a flash memory (e.g., an EEPROM) in certain examples,
other forms of non-transitory computer-readable storage
media may be used in place of, or in addition to, the flash
memory.

[0103] The microphone 512 on the data logger 110 may
help capture background or ambient or environmental noise,
e.g., so that the sounds captured by the microphone in the
mask can be more adequately distingnished from one
another and/or from such background or ambient or envi-
ronmental noise. In certain examples, a hole may be formed
in the inner and/or outer housings 504 and 506 so as to
enable the microphone 512 to be operable therethrough. In
certain cases, one or more additional microphones for
detecting background or ambient or environmental noise
may be provided to the mask rather than, or in addition to,
the data logger 110.

[0104] A battery (not shown) also may be located within
the inner housing 506 in certain examples and, in certain
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example instances, the battery may be rechargeable (e.g., by
using the USB connection 516, through a dedicated power
connection, etc.).

[0105] Although USB was mentioned as being suitable for
the computer connection 516 was described above, other
forms of computer connections may be provided in different
examples of the technology disclosed herein. For instance,
parallel, serial, USB, micro-USB, “firewire,” network, and/
or other connections may be provided. In certain examples
of the technology disclosed herein, when the data logger 110
is connected to a computer via the computer connection 516,
the user may be given the option of running an application
that performs signal analysis, displays results of the signal
analysis, and/or transmits such results to a sleep clinician or
the like. Such a computer program may run automatically,
for instance, when a USB cable is connected to the com-
puter. The data logger 110 in this context may essentially act
as a removable storage location (e.g., to a Windows-com-
patible computer). The program may be stored on and/or
executable directly or indirectly from the storage medium
510 in the data logger 110 in certain examples. In certain
other examples, the program may be a more stand-alone
program that is packaged and/or distributed together with or
separate from the printed matter 502, downloadable from the
Internet, etc. In certain examples, the program may be
retrieved from the storage medium 510 of the data logger
110 the first time it is operably connected to a computer.
Subsequently, the program may be removed from the storage
medium 510 of the data logger 110, e.g., advantageously
freeing up space thereon. In any event, the program may be
stored on a computer readable storage medium and may
include instructions that, when executed, perform corre-
sponding method steps.

[0106] FIGS. 7A-7C illustrate how an example acoustic
mask can be put on and worn in certain example instances.
More particularly, FIGS. 7A and 7B show example steps for
attaching an example acoustic mask to a patient’s face in
accordance with certain examples of the technology dis-
closed herein. The example mask in FIG. 7A has adhesive
materials on its left and right sides. A patient can peel back
or otherwise remove tabs covering from adhesive backings
4124 and 412 so as to expose adhesive areas 702. The mask
can be fit to the face as shown in FIG. 7B, for example. In
certain examples, the deformable element 106 is located at
the bridge of the wearer’s nose, and the microphone 104 is
vertically positioned at or just about the upper lip and
horizontally in substantially the center of the wearer’s face.
In certain examples, the top of the mask can be aligned over
the tip of the nose, e.g., along the bridge. Once initially
positioned, as indicated above, the deformable element 106
may be squeezed or otherwise manipulated to ensure a good
fit. FIG. 7C shows an example acoustic mask on a patient’s
face in accordance with certain examples of the technology
disclosed herein.

[0107] As indicated above, other attachment means can be
used in place of, or in addition to, the adhesive attachment
means described in FIGS. 7A-7C. Straps and the like may be
provided in certain examples, e.g., to provide a more snug
and potentially secure fit. Straps also may be advantageous
for patients with facial hair, sensitive skin, and/or the like.
[0108] The example mask shown in FIGS. 7A-7C is a
non-sealing mask. However, as indicated above, other
examples may involve sealing masks. Although the tech-
niques of certain examples of the technology disclosed
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herein result in low-cost acoustic mask systems, certain
examples may employ the techniques described herein, e.g,,
in connection with more expensive masks and/or flow
generators. For instance, a patient thinking of a particular
mask for a protracted treatment may “experiment” with it
and, for example, at the same time also take advantage of the
acoustic measurement techniques herein. In operation, the
microphone may be positioned so as to reduce the amount of
vibration and/or sound caused from the supply of therapeutic
pressurized gas being provided. In addition, or in the alter-
native, the processing program may be configured to reduce
or eliminate vibrations and/or sounds generated by the
therapeutic air flow, the flow generator, etc. In certain
examples of the technology disclosed herein, the data logger
110 may be provided separate from, or together with, a
controllable flow generator.

[0109] FIG. 8 is a block diagram showing illustrative
components of a data logger 110 for use with an acoustic
mask system in accordance with certain examples of the
technology disclosed herein. As can be seen from FIG. 8, the
data logger 110 includes at least one processor 802. The at
least one processor is connected to the integrated micro-
phone 512, as well as the microphone input 510. The
processor 802 accepts input from the microphones con-
nected to the data logger 110, and stores the data in the
integrated storage medium 510 (which may include one or
more storage locations). Suitable contacts may be provided
on or proximate to the microphone input 510, eg., to
indicate that the data logger is to be turned on and to trigger
the storage of data. The storage medium 510 itself may be
removable from the data logger 110 in certain example.
[0110] A battery 804 (e.g., a rechargeable battery) may
also be provided to the data logger 110 in certain examples.
The battery 804 may be removable and/or replaceable in
certain examples of the technology disclosed herein. In
certain examples, the battery 804 may be rechargeable when
powered from an external source, when the data logger 110
is connected to a computer system or other charge source via
a computer connection (e.g., USB) port 516, etc.

[0111] The computer connection 516 may cause a program
stored on the storage medium 510 to automatically execute
when connected to the computer. This may cause, for
example, the installation of a data analysis program on the
computer, the running of a data analysis program directly
from the data logger 110, etc. Further example functionality
of such a computer program is described below.

[0112] FIG. 9 is a flowchart showing illustrative steps for
using the acoustic mask system of certain examples of the
technology disclosed herein. A data logging system is pro-
vided in step S902. The data logging system of certain
examples includes a data logger, a mask, and at least one
microphone provided to the mask. The mask is fitted to or
placed on the person’s face in step S904. The microphone is
connected to the data logger in step S906, which may begin
the data capture in certain examples. In certain other
examples, however, the data may not begin until a suitable
action is taken (e.g., a start button or the like is pushed)
and/or a suitable time has passed (e.g., such that the person
is more likely to be asleep, a suitable amount of data
concerning background noise is gathered, an “awake base-
line” is obtained, etc). Once suitably connected, in step
S908, data is recorded. Data may be collected for one or
more sleep sessions. In step S910, a decision is made as to
whether the data collection process has ended. If it has not
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(e.g., if the person is to wear the mask for one or more
additional periods), then the process returns to step S904.
[0113] If, however, the data collection process is complete,
the data logger may be connected to the computer in step
S912. Data may, for example, be transmitted to the com-
puter, which may have more or better resources for analyz-
ing it. In any event, in step S914, data analysis is performed
on the recorded data. This may take place on locally on the
data logger, on the computer system to which the data logger
is connected (e.g., based on data transferred to the computer
system and/or left on the data logger), on a network location,
etc. Recorded and/or analyzed data may be transferred to
another location, e.g., to a sleep clinician, and/or displayed
to the person locally via the computer system.

[0114] FIG. 10 is an example view showing an illustrative
data logger connected to a computer system in accordance
with certain examples of the technology disclosed herein. In
FIG. 10, a data logger 110 is connected to a computer system
1102, e.g., via a cable 1104. As alluded to above, the cable
may be a USA cable in certain examples. Once connected,
the user may have direct or indirect access to the recorded
data. For instance, a program executable via the computer
system 1102 may provide a user interface that enables a user
(who may in certain example instances be the patient, a sleep
clinician, or other person) to at least visualize the data or a
processed form thereof, e.g., on a display 1106 of the
computer system 1102.

[0115] In certain examples of the technology disclosed
herein, the program may analyze the data. For instance, the
program may remove background or ambient or environ-
mental noise (e.g., by contrasting the data from the mask
microphone 102 with the data logger integrated microphone
512, etc.), as well as any other unexpected noises that may
occur in use. This may be accomplished, for example, by use
a suitable band pass or other filter on the data, compensating
for the sounds detected by the data logger integrated micro-
phone 512 (e.g., through simple subtraction, pattern match-
ing techniques that attempt to associate loud sounds from the
mask microphone 102 with corresponding sounds from the
data logger integrated microphone 512, etc.), etc. Once a
“clean” set of sounds is determined, further analysis may be
performed, e.g., to classify the breathing as mouth or nasal
breath, to detect snore, etc. Certain examples may plot or
display such data, e.g., as frequency or event versus time.
Summary statistics regarding number, timing, frequency,
etc., of events also may be provided. Reasoning inferences
regarding the presence of an abnormal event (e.g., an apneic
and/or hypopneic episode) may be drawn, e.g., from long
periods of no sound detection, etc. Of course, other data
analysis may be performed by the program (or by the data
logger 110), and other forms of data display, visualization,
etc., are of course possible in different examples.

[0116] In certain examples of the technology disclosed
herein, the data logger 110 may act as a “pass through”
device. In certain examples, the data logger 110 may be
connected to the computer system 1102 while it is gather
data from the patient. In such cases, for example, the data
logger 110 may simply pass registered sound and/or vibra-
tion data to the computer system 1102. In such cases, for
example, the data logger 110 may pass along raw data for
subsequent analysis, e.g., on the computer system 1102 or at
a remote location, or it may process the data in some ways
(e.g., by applying at least initial filtering and/or correlation
techniques, etc.). The data in raw and/or processed form may

Nov. 29,2018

be displayed on the display 1106 in real time or substantially
real time in certain examples of the technology disclosed
herein.

[0117] Example diagnostic and detection techniques
usable in connection with certain examples of the technol-
ogy described herein will now be provided. Breathing pro-
duces turbulent flow in the airways, and potentially in the
mask. Noise level has been found to typically increase with
turbulence. FIG. 11 is a graph illustrating example sound
pressures in the mask for “normal” breathing.

[0118] The noise level may in certain cases be approxi-
mated by the envelope of the microphone signal. One
technique for calculating the envelope involves taking the
square root of the sum of the signal squared and the Hilbert
Transform of the signal. The Hilbert Transform of the signal
typically is 90 degrees (or about 90 degrees) out of phase
with the signal, so it can be seen that at any point the signal
magnitude is given by the hypotenuse between the signal
and its Hilbert Transform. See, for example, “Practical use
of the ‘Hilbert transform™ by N. Thrane, J. Wismer, H.
Konstantin-Hansen & S. Gade, Brilel & Kjar, Denmark, the
entire contents of which are hereby incorporated herein by
reference. Of course, it will be appreciated that other tech-
niques of determining the envelope may be used in different
examples.

[0119] Cessation of flow may be detected as correspond-
ing to a drop in the envelope below a threshold level. The
threshold may be automatically adjusted, e.g., to account for
background noise. stationary noise, or the like including, for
example, electrical interference. FIG. 12 is a graph showing
an example microphone signal, and FIG. 13 is a graph
showing an example of where the envelope has been cal-
culated by taking the square root of the sum of the signal
squared and the Hilbert Transform of the signal in accor-
dance with certain examples of the technology disclosed
herein. The flow cession period, as well as the threshold can
be seen in the FIG. 13 example.

[0120] Between inspiration and expiration, the flow in the
airway momentarily stops. Thus, the noise produced by
turbulent airflow will cease, and the sound level recorded by
the microphone will be reduced. Breathing can be detected
as periods of turbulent noise with minima occurring at twice
the respiratory rate, for example, where the respiratory rate
may be assumed to occur within a range of values. A
probability of apnea may be indicated by a lack of detection
of breathing for a defined period, e.g., 10 seconds. If a
cessation of flow lasts longer than a particular length of time
it may be associated with an apnea. For example, if flow
ceases for more than 10 seconds it may be an indication of
apnea, or as an indication of a particular probability of an
apnea. See, for example, FIG. 14, which is a graph that in
which a breath period, including expiration and inspiration
periods, are identified, e.g., in connection with the detection
of minima.

[0121] In certain examples of the technology disclosed
herein, a microphone may be used in conjunction with an
oximeter, e.g., such that when the oximeter shows a par-
ticular oxygen desaturation in conjunction with a prolonged
drop in the sound pressure envelop below a threshold, these
indications may be used to suggest a particular probability of
apnea. In further examples, the acoustic mask system may
be used in conjunction with other sensing techniques includ-
ing, for example, pressure or flow, temperature, humidity
sensing, etc. Joint probabilities of various events might be
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analyzed to indicate apnea in certain examples. FIG. 15 is a
graph that shows a likely apneic event.

[0122] In addition to the example apnea detection/diag-
nostic techniques described above, certain examples may in
addition or in the alternative involve example hypopnea
detection. Hypopnea generally occurs when there is a reduc-
tion in flow for a prolonged period, for example, 10 seconds.
If hypopnea is caused by reduced central drive, it may be
detected as a drop in the peak of the envelope of the
microphone signal, e.g., within a series of breaths below a
particular threshold value.

[0123] If hypopnea is caused by increased airway resis-
tance, it may also accompany increased turbulence and an
increase in the noise level. This can be accompanied by more
chaotic and impulsive features in the microphone signals.
There may also be more harmonic components in the sound,
particularly appearing within frequency ranges also associ-
ated with snore noises. Joint probabilities of these features
and additional features can be used to determine the prob-
ability of hypopnea and other events based on prior knowl-
edge of the probability of such events and their associated
features.

[0124] FIG. 16 is a graph that shows a likely hypopneic
event. As can be seen, the somewhat more chaotic and/or
harmonic features of the likely hypopneic event occur below
the threshold selected for the FIG. 16 example.

[0125] It will be appreciated that certain examples of the
technology disclosed herein may be capable of estimating
the total airway resistance and compliance at an airway
resonant frequency. The frequency of the resonance can be
determined by the highest peak in the spectrum, averaged
spectrum within a particular frequency range, etc. The total
airway resistance at this frequency has been found to be
proportional to the width of the peak 3 dB below its
maximum in certain example cases. The ratio of the oscil-
lating mass of air in the airway to the total stiffness of the
airway also has been found to be proportional to the fre-
quency of the peak squared in certain example cases. Using
these example techniques, for instance, it is possible to infer
characteristics regarding overall airway mechanics.

[0126] While the technology has been described in con-
nection with several examples, it is to be understood that the
technology is not to be limited to the disclosed examples, but
on the contrary, is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the technology. Also, the various examples
described above may be implemented in conjunction with
other examples, e.g., one or more aspects of one example
may be combined with aspects of another example to realize
vet other examples. Further, each independent feature or
component of any given assembly may constitute an addi-
tional example. In addition, while the technology has par-
ticular application to patients who suffer from OSA, it is to
be appreciated that patients who suffer from other illnesses
(e.g., congestive heart failure, diabetes, morbid obesity,
stroke, bariatric surgery, etc.) can derive benefit from the
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above teachings. Moreover, the above teachings have appli-
cability with patients and non-patients alike in non-medical
applications.
1-85. (canceled)
85. A method of analyzing data collected from a mask
connected to a mask system that includes the mask, a
microphone connected to the mask, and a data logger, the
method comprising:
executing a program storing instructions that, when
executed, cause the computer to analyze the data; and

displaying results of said analyzing via the computer
system, and/or transmitting the results to a remote
location for further analysis,

wherein the data represents sound registered by the micro-

phone connected to the mask, the sound being gener-
ated as a result of vibrations of the mask corresponding
to at least the patient’s oral and nasal breathing, as well
as the patient’s snoring, sounds being distinguishable
from one another and each identifying a corresponding
type of breathing and/or snoring.

86. The method of claim 85, further comprising detecting
a likely apneic and/or hypopneic events in registered sound.

87. The method of claim 85, further comprising approxi-
mating a noise level by calculating an envelope of the
microphone signal.

88. The method of claim 87, wherein the calculating of the
envelope is practiced by taking the square root of the sum of
the signal squared and the Hilbert Transform of the signal.

89. The method of claim 87, further comprising identi-
fying a cessation in flow by identifying a drop in the
envelope below a first predefined threshold level.

90. The method of claim 89, wherein the first predefined
threshold level is adjusted based on background noise,
stationary noise, and/or electrical interference.

91. The method of claim 87, further comprising identi-
fying at least one breathing cycle based on minima in the
envelope.

92. The method of claim 89, further comprising identi-
fying a likely apneic event when the cession lasts for at least
a first predefined amount of time.

93. The method of claim 87, further comprising identi-
fying a likely hypopneic event when the envelope indicates
a reduction in flow below a second predefined threshold
level for at least a second predefined amount of time.

94. The method of claim 86, further comprising improv-
ing the detecting of the likely apneic and/or hypopneic
events by cross-referencing the detecting with signals from
an oximeter, pressure or flow sensor, temperature sensor,
and/or humidity sensor.

95. The method of claim 86, further comprising calculat-
ing a probability for the detected likely apneic and/or
hypopneic events.

96. The method of claim 86, further comprising estimat-
ing total airway resistance and/or compliance at an airway
resonant frequency.

97-99. (canceled)
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