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SYSTEM AND METHOD FOR SNORE DETECTION AND CONFIRMATION

1. FIELD OF THE INVENTION
The present invention relates to a system and method for real-time
physiological monitoring, particularly of a sleeping person. More particularly, the invention

relates to detecting when a person is snoring during sleep using a rule-based method.

2. BACKGROUND OF THE INVENTION

Methods of treatment and prevention of snoring are inherently not conducive to
sclf-medication or sclf-administration due to the fact that a person who is snoring 1s
necessarily asleep. As such, a person who is snoring typically must rely on another party to
detect when that person is snoring so that a treatment or medication may be administered to
prevent or substantially reduce the reoccurrence of snoring,

Auto-medication or auto-administration mcthods of trcating or preventing
snoring typically require a system that automatically detects when a person is snoring, and
then automatically administers a prevention or treatment remedy. For example, a remedy may
include inducing the person to adjust his or her physical posture, or locally administering a
medication, preferably in or near the person's oral cavity, to prevent or substantially reduce
continued snoring.

International Application No. WO 2006/002338A2, which was published
January 5, 2006 describes systems and methods for monitoring persons during sleep by recording
respiratory and sound data to recognize cough-arousal events. The reference also describes
administering an anti-tussive therapeutic agent to a person when a cough-arousal event is
recognized. With respect to cough recognition, the reference describes monitoring using a
monitoring garment comprising sensors that provide respiratory signals, sound signals, and
EEG signals from a person; and a computcr systcm comprising a computer readable memory
comprising encoded instructions for receiving said sensor signals, which are processed in
order to recognize cough cvents. Respiratory data and signals are preferably obtained from
sensors that process a person's tidal volumes. Sound data and signals are preferably obtained
from a scnsor that is in contact with, or in closc proximity to, thc person’s throat.

Prior automatic snore detection systems are relatively inaccurate and imprecise
with respect to distinguishing an actual snore event from background noise or other artifacts

that may originate from & person during sleep. This may result in unnecessarily triggering the

-1 -



10

15

20

25

30

CA 02655303 2008-12-05
WO 2007/146687 PCT/US2007/070466

administration of a prevention or treatment remedy. In light of these false-positive events,
there remains a need for an automatic method and system for more accurately and precisely

detecting the occurrence of snoring while a person 1s sleeping.

3. SUMMARY OF THE INVENTION

The present invention 1s directed to systems and computer-implemented
methods of detecting and confirming occurrences of snore events while a person 1s sleeping.
A preferred system includes a processor and a computer readable memory operatively coupled
to the processor. The memory 1s configured with nstructions for causing the processor to
perform steps including recerving signals reflecting respiration and sound, and determining a
candidate snore event by detecting the occurrence of a breath and detecting the occurrence of
a sound event. The steps also include confirming that the candidate snore event 1s not an
isolated snore event by determining that breaths immediately preceding and following the
candidate snore event include other candidate snore events.

In one embodiment, the occurrence of a breath 1s detected when the person's
breath has a volume that 1s less than a breath threshold. For example, the breath threshold 1s
preferably about 1.25 liters. In other embodiments, the breath threshold can be higher or
lower, depending on the desired sensitivity of the detection method.

In one embodiment, detecting the occurrence of a sound event includes
sampling sound energy by measuring sound energy in the vicinity of a person's mouth and
nose. Preferably, the sampled sound energy 1s the mean of at least 30 sound energy samples
that arec sampled at frequency of about 1500 Hz. The occurrence of a sound event 18
preferably detected when the sampled sound energy 1s greater than a sound event threshold
and lasts longer than a sound event period. For example, the sound event period 1s preferably
about 50 milliseconds.

In another embodiment, the occurrence of a sound event 1s detected when a
peak sound energy occurrence ratio 1s greater than a threshold ratio. Preferably, the peak
sound energy occurrence ratio 1S the temporal location of the peak sound energy expressed as
a fraction relative to the total duration of the sampled sound energy. More preferably, the
threshold ratio 1s about 10%.

In yet another embodiment, the occurrence of a sound event 1s determined to be

a candidate snore event when the pitch of the sampled sound energy 1s greater than a
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minimum pitch and less than a maximum pitch. Preferably, the minimum pitch 1s about 14
and the maximum pitch 1s about 28.

In still yet another embodiment, a sound event 1s labeled as a candidate snore
event when the fraction of the sampled sound energy that occurs during inspiration 1s greater
than an inspiration threshold. Preferably, the inspiration threshold 1s about 80%.

In other embodiments, the occurrence of a sound event can be detected and
confirmed using combinations of any of the above methods, or other methods as generally
known.

A second preferred system for determining a snore event includes a processor,
a monitoring apparatus operatively coupled to the processor for providing respiratory
information by sensing rib cage motions and for providing sound information by sensing
sound energy in the vicinity of the mouth or the nose, and a computer readable memory
operatively coupled to the processor and configured with instructions for causing the
processor to perform steps. The steps include receiving signals reflecting respiration and
sound from the monitoring apparatus, determining a candidate snore event by detecting the
occurrence of a breath and detecting the occurrence of a sound event, and confirming that the
candidate snore event 18 not an 1solated snore event by determining that breaths immediately
preceding and following the candidate snore event include other candidate snore events.

In one embodiment, the occurrence of a breath 1s detected when the person's
breath has a volume that 1s less than a breath threshold of about 1.25 liters. Preferably,
confirmation that a candidate snore event 1s not an 1solated snore event 1s achieved by
processing at least five breaths immediately preceding and following the candidate snore
event, and then detecting other candidate snore events in at least three of the at least five
preceding or following breaths.

In another embodiment, a candidate snore event 1s confirmed as an 1solated
snore event by processing at least seven breaths immediately preceding and following the
candidate snore event, and then classifying the candidate snore event as an 1solated snore
event 1f none of the at least seven breaths immediately preceding and following the candidate
snore event includes another candidate snore event.

In another embodiment, the occurrence of a sound event 1s detected when the
sound energy is greater than a sound event threshold and lasts longer than a sound event

period. The occurrence of a sound event can also be determined to be a candidate snore event
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when the pitch of the sampled sound energy 1s greater than a minimum pitch and less than a
maximum pitch.

The present invention 1s also directed to a method for determining a snore
event, the method including the steps of detecting the occurrence of a breath when the breath
has a volume that 1s less than a breath threshold, and detecting the occurrence of a sound event
from sound energy sampled near a subject's mouth and/or nose when the sampled sound
energy 18 greater than a sound event threshold and lasts longer than a sound event period, and
a peak sound energy occurrence ratio 18 greater than a threshold ratio. The peak sound energy
occurrence ratio 18 preferably the temporal location of the peak sound energy expressed as a
fraction relative to the total duration of the sampled sound energy. The method further
includes determining that the detected sound event is a candidate snore event when a pitch of
the sampled sound energy of the sound event 1s greater than a minimum sound energy pitch
and less than a maximum sound energy pitch, and a fraction of the sampled sound energy that
occurs during inspiration is greater than an inspiration threshold.

The present invention thus provides a system and method of automatically
detecting, with increased accuracy and precision, the occurrence of snore events while a

person 1s sleeping.

4, BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be understood more fully by reference to the
following detailed description of preferred embodiments of the present invention, illustrative
examples of specific embodiments of the invention, and the appended figures in which:

Fig. 1 1llustrates an embodiment of a wearable monitoring device and
assoclated processing system:;

Fig. 2 1llustrates an embodiment of a candidate snore event detection and
confirmation method of the present invention;

Fig. 3 1llustrates an embodiment of monitoring data showing asynchrony 1n the
RC and AB traces;

Fig. 4 1llustrates a set of results of an embodiment of a method for detecting a
candidate snore event;

Fig. 5 1llustrates another set of results of the embodiment thereof; and

Fig. 6 1llustrates yet another set of results of the embodiment thereof.
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5. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention 1s directed to a system and method of detecting and

confirming occurrences of snore events while a person 1s sleeping. Preferred methods of
detection and confirmation of snore events are described, as well as preferred monitoring

systems used to implement such methods.

5.1 PREFERRED MONITORING SYSTEMS

Preferably, the physiological monitoring systems are ambulatory systems
configured so that a person 1s not constrained while sleeping. Preferably, the ambulatory
monitoring systems are also configured for use without assistance by medical or other trained
personnel. A preferred ambulatory physiological monitoring system configuration includes a
wearable 1tem, for example, a garment, band, patch, and the like, or associations with partial-
shirts or shirts, on partial body suits, or 1n full body suits that are unobtrusive, comfortable,
and preferably made of non-restricting fabric into which sensors are incorporated.

A preferred embodiment of an ambulatory monitoring systems 1s illustrated 1n
Fig. 1, which depicts garment or shirt 1, which 1s preferably sufficiently comfortable and
unobtrusive so that a person's sleep 1s substantially not disturbed. Garment 1 carries, or has
embedded or integrally included therein sensors for gathering necessary monitoring data, and
permits physiological recording during sleep, preferably in a home setting of up to at least
about a full night's duration.

In one embodiment, the garment is the LIFESHIRT® ambulatory monitoring
garment made by Vivometrics, Inc. (Ventura, CA). Such a garment 18 a preferred example of
the monitoring equipment used to collect and provide data for the present invention. Such
disclosure, however, does not limit the invention, and 1n other embodiments, the data
processed by this invention can be gathered by other sensor technologies known 1n the art, and
by other dispositions and arrangements of such sensors on the monitored person. However,
for conciseness only, the following description 1s largely in terms of this preferred
embodiment of the monitoring garment and associated system components.

The garment 1 preferably includes size sensors, and more preferably, the
sensors include inductive plethysmographic (IP) sensor bands 5 and 7 (or other sensor types
providing respiratory rate and volume information), one or more accelerometers and the like
for sensing body posture and motion, for example exemplary accelerometer 11, and one or
more microphones for detecting sound, such as throat microphone 14. Garment 1 18

preferably made of a stretchable material that fits sufficiently snugly to expand and contract

_5 -
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with a person's body so that embedded IP sensor bands (which, for respiratory measurement,
are known as respiratory inductive plethysmographic, or RIP, bands) can measure cross-
sectional areas or circumferences of the person's torso. One RIP band is adequate, but
preferably two RIP bands arc used: band 5 at the level of the rib cage, and band 7 at the level
of the abdomen.

"Size sensors" gather signals responsive to size indicia describing portions of a

monitorcd person's body, c.g., the torso, the neck, the extremitics, or parts thereof, Size

1ndicia can include the length along a selected portion of the body surface; the circumference,

diameter, or cross-sectional area of a body part; and the like.

Size sensor signals can also be processed to yield information about organ
system functioning. Signals from size sensors at one or more levels of the torso, e.g., at an
abdominal level and at a rib cage level, can be interpreted using a two-component breathing
model in order to determine respiratory rates, respiratory volumes, respiratory events, and the
like. U.S. Patent Nos. 6,551,252; 5,159,935; 4,777,962, and 7,267,652

describe such signal processing.

Additional sensors, optional for this invention, may be in or in communication
with the garment 1, and include pulse oximeters, capnographs, EEG clectrodes (illustrated as
9a and 9b), and the like. EMG and EOG signals can be obtained from EEG and EOG sensors
that are also preferably included in the garment 1, such as single bipolar (parictally-located)
EEG sensor 15 and single-lead EOG sensor 13. The EEG and EOG sensors are preferably in
electrical communication with garment 1, for example by means of conductive connector 17.
In the hospital, clinic, or laboratory scttings, other signals may be obtaincd from a widc range

of physiological sensors.

Associated locally with preferred garment 1 is local data recording unit 3
opcratively connccted to sensors of the garment 1 by data cable 2. In other embodiments, the
recording unit may be operatively connected to the sensors using means, for example, by short
range radio link. Data recording unit 3 is preferred for ambulatory use, and is preferably
compact and lightweight so that it can be worn on a belt, put in a pocket, or embedded in
garment 1. This unit stores sensor data with sufficient accuracy and precision for full medical
disclosure and off-linc analysis, and may include a touch screen or other user input facility for
implementing a digital diary whose data may also be transferred to the analysis computer for

correlation with sensor readings.



10

15

20

25

30

CA 02655303 2014-05-29

Initial sensor signal processing generally includes filtering, digitization, noise
limiting, extraction of relevant signal components, and the like. Following initial processing,
specific processing of respiratory size sensor signals and microphone sound data signals are
preferably performed to identify snores according to the methods of this invention. For
cxample, processing respiratory signals includes calibration, determination of a tidal volume

signal, and extraction of respiratory events from the tidal volume signal. U.S. Patent Nos.

6,413,225, 5,159,935, 4,834,766; 4,777,962: 7,267,652 describe such respiratory processing.

In one embodiment, basic signal processing, e.g. filtering and digitization, is
performed on the data recording unit 3. This unit may have sufficient processing capability
(c.g., a microprocessor or FPGA or the like) to also perform the methods of this invention and
record identifies snores. The methods of the present invention may also be implemented by
analysis software that is executed on analysis computers, such as computer 21, that may be
remotcly located. Analysis can be donc cither concurrently with signal recording (online) or
at a later time (offline). For offline analysis, scnsor data can be transferred from data
recording unit 3 to analysis computer 21 on memory card 19, such as a compact flash card.
Data may altcrnatively be transferred by wircless links, such as transmission using cell phone
technologics and the like.

The methods of the present invention are performed on software or firmware
programmable systems. In the case of software programming, methods are preferably coded
In standard computer languages, such as C, C++, or in high level application languages, such
as Matlab and associated toolboxcs (Math Works, Natick, MA). Codc is then translated or
compiled into executable computer instructions for controlling a microprocessor or similar
device. In the case of firmware programming, higher level method specifications written in
software languagcs or hardware languages such as VHDL, arc preferably translated into bit
codes by tools supplied by the manufacturer of the hardware part that is being programmed.
For example, manufacturer's tools prepare bit-streams for configuring FPGAS.

All or part of this analysis software implementing this invention's methods may

be madc available as a program product on a computer readable medium, such as optical disk
23.
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5.2 PREFERRED SNORE DETECTION METHODS

The present invention preferably includes methods and systems of determining
whether a person is snoring by detecting and confirming the occurrence of a true snore event.
In general, preterred methods detect a candidate snorc cvent by monitoring a person to
determine an occurrence of sound event of an appropriate energy, duration, shape, and pitch
that is characteristic of a true snore. Additionally, the method preferably determines whether
such an occurrcnce of sound is also coincident with a non-artifact, inspiratory cvent. Once a
candidate snore event is detected, it is confirmed as a true snore event by determining whether
or not it occurs in isolation or among a series of other snore events.

In a preferred embodiment, the method for determining when a person is
snoring includes determining a candidate snore event by detecting the occurrence of a
person’s breath and detecting the occurrence of a sound event. The preferred method also
includes confirming that the detected candidate snore event is not an isolated snore event by
determining that breaths immediately preceding and following the candidate snore event
include other candidate snore events.

Preferably, the method of detecting u cundidate snore event includes using a
rule-based method. Sound events that are related to snore events typically occur during
inspiration, and a rule-based method advantagcously cnables a more accurate and precise
differentiation of a candidate snore event from background noise, artifact inspirations, or other
Interference. A preferred detection method using a rule-based method is illustrated in Fig. 2.
As embodied herein, the method preferably includes various components for detecting breath
occurrences and sound events to determine a candidate snore event.

Preferably, a component for detecting truc breath occurrences includes
identifying inspirations by calculating their beginnings and ends. Such identification is
preferably performed by using a breath detection method 100, for example, as described n

U.S. Application Publication No. 2004/0249299. The method includes monitoring 4 person’s breathing

using sensors, preferably IP size sensors disposed about the person’s torso as described above,
and processing the signals and data relating to tidal volumes and inspired volumes to produce
a tidal volume trace ("V,") and an inspired volume trace ("ViVol"). Motion artifact or other
Interferences typically rcsult in the detection of unusually large breaths that arc beyond
physiological limits. To limit the inclusion of such tainted breaths during determination of

breath occurrences, the method preferably requires that the measured breath have a volume



10

15

20

25

30

CA 02655303 2008-12-05
WO 2007/146687 PCT/US2007/070466

that 1s less than a breath threshold T, 1n order for a breath to be detected as a breath
occurrence, as shown in step 110.

The breath threshold T, 1s preferably selected from empirical data based on
histograms or other distributions of known volumes of true breath occurrences as well as
artifact breaths. Preferably, such data 1s representative of a large population of persons and
adjusted for different physical parameters, such as age, height, weight, and gender. In one
embodiment, the breath threshold T 1s selected for each individual person based on
probability distributions of collected breath volumes for that person. In other embodiments,
the breath threshold T; can be set higher or lower, depending on the desired sensitivity of the
detection method. Preferably, the breath threshold T, 1s between about 1 liter and about 2
liters, and more preferably, the breath threshold T, 1s about 1.5 liters. In a preferred
embodiment, the breath threshold 1s about 1.25 liters.

In some 1nstances, for example 1n patients who exhibit upper airway
obstructions, asynchrony may be found between the ribcage (RC) and abdominal (AB)
compartments/signals when the patient 1s monitored during snoring. Such an asynchrony can
be seen 1n the traces of Fig. 3, where the portion 300 of the MIC trace occurs during the
inspiratory portion 310 of the RC trace, but during the end of the expiratory and beginning of
the inspiratory portion 320 of the AB trace. Because the RC and AB signals are summed to
form the Vi trace, the asynchrony between the data may result in snore events that do not
always fall on inspiration, and therefore some snore events could be undetected when using
breath detection methods based on the V;trace alone. As such, an alternative breath detection
method includes processing the AB and RC signals separately to mark the beginnings and
ends of inspiration. In this way, sound events, and thus potential candidate snore events, can
be marked on inspiration independently for both the RC signal and the AB signal. This
preferably ensures that possible candidate snore events will not be unaccounted for due to
asynchrony in the RC and AB signals.

Another alternative breath detection method can further include filtering or
smoothing the RC and AB traces, such as by high-pass filtering the traces between about 0.15
and 0.5 Hz, for example. The averaged energy of these waveforms can be obtained, for
example by squaring the amplitude of the resultant trace, over the duration of the sound event.
A snore event typically will have a greater high frequency contribution than a non-snore
cvent, and thus the method can include 1dentifying a true breath occurrence when the averaged

energy 18 greater than a pre-determined threshold energy.

_0Q._
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In addition to detecting a true breath occurrence, the method 200 for
determining a candidate snore event embodied 1n Fig. 2 also includes components for
detecting the occurrence of a sound event. Preferably, sound energy 1s sampled using a
microphone or other sound recorder disposed in the vicinity of a person’s mouth and nose, for
example near a person’s throat. In one embodiment, the microphone 1s first used to extract
on¢ or more of the following parameters, for example, and create associated traces from a
provided audio sample: 1) sound envelope, 2) sound event or event marker, 3) pitch, 4) sound
energy, 5) duration, and 6) peak fraction or ratio.

Initially, signals and data corresponding to sampled sound energy from the
microphones are processed to produce a microphone trace ("MIC"). Preferably, sound energy
1s derived from the MIC trace by sampling at frequencies between about 1000 Hz and about
2000 Hz. Sound energy can be processed to produce a sound energy trace ("SE"), for
example, by normalizing and summing the absolute values of the microphone samplings over
a range of samples, preferably between about 20 and 40 samples. In a preferred embodiment,
a 50 Hz SE trace 18 produced by sampling at about 1500 Hz and summing the absolute values
of the microphone samplings for every 30 samples.

A sound event trace ("EVT") 1s then preferably produced using the SE trace to
determine when a sound event occurs. Preferably, the EVT trace 1s a binary trace at the same
resolution as the SE trace, and sound energy 1s the integral of the SE trace over the duration of
the EVT event. The EVT trace 1s deemed ON, 1.¢. 1t detects a sound event, when the SE trace
first exceeds an upper sound event threshold Tygg and lasts for at least a sound event period T
before turning OFF when the SE trace drops below a lower sound event threshold Trge. In
onc embodiment, the upper sound event threshold Tysg 1S calculated as twice the noise
threshold, or between about 50 and 70, and the lower sound event threshold Tj g 18 between
about 20 and 40. The units for the Tysg and Ty gk values are preferably based on an 8 bit
sampled signal from the microphone, which 1s rectified and summed to get the SE trace. As
such, the actual units are relative and un-calibrated, and simply refer to the quantization of the
signal.

Preferably, the Tygg and Ty gk values are selected from empirical distributions
of quiescent baseline noise and sound values. The values can be set relatively low so as to be
sensitive to most sounds, but can also be varied higher or lower depending on the desired
sensitivity of the detection method and background noise. The noise threshold 1s preferably

calculated over a period of at least about 240 hours of microphone recordings and 1s

- 10 -
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determined by monitoring a signal variation between +1 and -1. In a preferred embodiment, a
sound event 18 detected when the EVT trace exceeds a Tygg of about 60 for a selected sound
event period Ts before dropping below a Trsg of about 30, for three consecutive samples.

The duration of a sound event 1s the length, for example 1n milliseconds, of the
EVT ON period, 1.¢., the length of the SE trace between the Tysg and Ty gg thresholds. In one
embodiment, for example, the EVT trace must preferably exceed the upper sound event
threshold Tysg for at least the duration of a sound event period Ts before dropping past the
lower sound event threshold T; g 1in order for the method to detect a sound event, as shown in
step 210. T; 1s preferably based on empirical distributions of durations of true snore events,
and the threshold can be varied depending on the desired sensitivity of the detection method.
Preferably, the sound event threshold Ts1s between about 40ms and 60ms, and more
preferably, Ts1s about S0ms.

As shown 1n Fig. 2, another component for determining a sound event can also
preferably include analysis of the shape of the EVT trace. A true snore event tends to
continuously rise in volume until a peak volume 1s attained, usually near the end of the snore
event. The temporal location of the peak volume of the SE trace during the entire duration of
a sound event 18 preferably calculated and expressed as a fraction of the entire sound event
duration, 1.¢., as a peak sound event occurrence fraction or ratio. For example, the peak sound
event occurrence ratio refers to the peak of the SE trace for each sound event expressed as a
fraction of the total EVT duration (Peak location — Start)/(End — Start). If a single sound
event includes multiple instances of the same peak volume, then the location of the first peak
volume 1s preferably used in the calculation of the peak sound event occurrence ratio.
Typically, this fraction or peak sound event occurrence ratio will never be below about 10%-
20% for a true snore event. Thus, one embodiment of the method requires that in order for a
sound event to be detected, the peak sound event occurrence ratio must exceed a threshold
ratio T4, as shown 1n step 220, T4 preferably being not less than about 10%, and more
preferably not less than about 20%. Similar to the other thresholds described above, the
threshold ratio T4 18 preferably selected based on empirical distributions and histograms of
peak volumes of known snore events, and may be adjusted based on the desired sensitivity of
the detection method.

Another component of the preferred candidate snore event detection method
shown 1n Fig. 2 includes analysis of the pitch of the sampled sound energy. A true snore

cvent typically has a narrow pitch range that 1s characteristic therecof. As such, one
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embodiment of the method includes determining whether the sampled sound energy falls
between a minimum pitch Ts and a maximum pitch Tg, as shown 1n step 230. Preferably, the
minimum pitch Ts1s between about 10 and 20 and the maximum pitch Tg 1S between about 25
and 35, and more preferably, Ts 1s about 14 and Tg 1s about 28. Similar to the Tygg and Ti g
values, the units of minimum and maximum pitch are relative to the computer units that the
microphone 1s sampled at and thus are not absolute. The minimum and maximum pitches are
preferably selected based on empirical distributions and histograms of pitch ranges of known
snore events, and 1n other embodiments may be adjusted based on the desired sensitivity of
the detection method.

The pitch of a sound event 1s preferably evaluated using the Mel cepstrum of
the raw MIC trace. A cepstrum 1s the result of taking the Fourier Transform (FT) of the
decibel spectrum as 1f 1t were a signal. The cepstrum 1s preferably defined as the FT of the log
(with unwrapped phase) of the FT (cepstrum of signal = FT(log(FT(the signal))+;2nm), where
m 18 the 1nteger required to properly unwrap the angle of the complex log function.

There 1s a real cepstrum and a complex cepstrum. The real cepstrum
preferably uses the logarithm function defined for real values, while the complex cepstrum
uses the complex logarithm function defined for complex values as well. The complex
cepstrum holds mmformation about magnitude and phase of the 1nitial spectrum, allowing
reconstruction of the signal. The real cepstrum only uses the information of the magnitude of
the spectrum.

The cepstrum 18 an excellent feature vector for representing the human voice.
For such applications, the spectrum 1s preferably first transformed using the Mel frequency
bands. The result 1s called the Mel Frequency Cepstral Coetficients (IMFCC), and can be used
for voice 1identification, pitch detection and other analysis. This 1s a result of the cepstrum
advantageously separating the energy resulting from vocal cord vibration from the "distorted"
signal formed by the rest of the vocal tract.

Fig. 2 also includes a component that combines the input of breath and sound
signals and data to determine the fraction of the sound event that occurs during inspiration.
Typically, about 80%-100% of a true snore event occurs during inspiration, with the
remaining portion of the snore event occuring during expiration. As such, one embodiment of
the preferred method includes determining what portion of the sampled sound event occurs
during inspiration, and whether such portion, expressed as a ratio with respect to the duration

of the entire sound event, 18 greater than an inspiration threshold T,, as shown 1n step 240.
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Preferably, the inspiration threshold T, is at least about 80%, and more preferably is at Icast
about 90%. Such a threshold is preferably selected based on empirical distributions and
histograms of inspiration fractions of known snore events, and in othcr cmbodiments may be
adjusted based on the desired sensitivity of the detection method.

The method for detecting a candidate snore event may include all of the
components described above, and illustrated in the embodiment of Fig. 2, or may include a
singlc componcnt or a combination of onc or morc componcents. Such a sclection of
components may be made 1n accordance with the desired sensitivitics of the detection method,
or bascd on the physical characteristics of the person being monitored. Additionally, other
embodiments of the snore detection method can include the usc of standard and known pattern
recognition approaches, for example using a machine learning approach or other pattern
rccognition approaches such as described in Duda et al., 2000, Pattern Classification (2nd
edition), Wiley-Interscience rather than a rule-based method.

Once a candidate snorc cvent is determined, for examplc as shown in step 250,
the preferred method of determining a true snore event also includes confirming that the
detected candidate snore event is a true snore event rather than an isolated snore event, as
shown in stcp 260 of Fig. 2. Prefcrably, this is achicved by using a rule-based method for
determining that breaths immediately preceding and following the candidate snore cvent
include other candidate snore events.

Typically, a true snore event does not occur in isolation. Rather, a true snore
event is usually accompanied by other snore events that occur in successive breaths. As such,
one cmbodiment of the preferred method includes monitoring and analyzing breath
occurrences and sound events over a discrete time period, and marking identifying all
candidate snore events within that period. The method then preferably includes scanning

through all candidate snorc cvents within the period, and determining the number of snore
events that occur during neighboring breaths.

For example, for each candidate snore event, the method can require analysis
of the 5 preceding breaths or 5 subscquent breaths, or both. If at least 3 out of the 5 preceding
and subsequent breaths surrounding the examined candidate snore event also include other
candidate snore events, then the method identifies the candidate snore event as not isolated,
and thus a true snore event in step 280. If, on the other hand, less than 3 of the 5 preceding

and subsequent breaths include other candidate snore events, then the candidate snore event is
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confirmed as an 1solated snore event, as shown 1n step 270. Other variations of the
confirmation method can include examination of more or less neighboring breaths, and other
requirements as to the number of neighboring breaths that include candidate snore events,
depending on the desired sensitivity of the detection method.

As an additional verification that the examined candidate snore event 1s not an
1solated snore event, the confirmation method also preferably includes analysis of neighboring
breaths and classifying the candidate snore event as 1solated, and thus not a true snore event, 1f
none¢ of the neighboring breaths include another candidate snore event. The assumption 1s that
snoring does not occur 1n 1solation, and 1t 1s highly unlikely that several falsely identified
candidate events will be labeled consecutively. For example, one embodiment of the
confirmation method includes analysis of the 7 preceding breaths or of the 7 subsequent
breaths, or both. If none of these preceding and/or subsequent breaths include a candidate
snore event, then the examined candidate snore event 1s marked as 1solated, as shown 1n step
270. On the other hand, if at least one of these preceding and/or subsequent breaths does 1n
fact include another candidate snore event, then the examined candidate snore event 18
classified as a true snore event, as shown 1n step 280. As described above, other variations of
the confirmation method can include examination of more or less neighboring breaths, and
other requirements as to the number of neighboring breaths that include candidate snore

events, depending on the desired sensitivity of the detection method.

5.3 EXAMPLES

The present invention for the detection of candidate snore events 1s 1llustrated
by the following examples that are merely for the purpose of illustration and are not to be
regarded as limiting the scope of the invention or the manner 1n which 1t can be practiced.

Fig. 4 1llustrates one embodiment of exemplary traces of a variety of snore
detection signals and data as a function of time, including, from the top to the bottom of Fig.
4, a tidal volume trace (V) 409, an inspired volume trace (ViVol) 411, a sound event trace
(EVT) 407, a snore trace (SNORE) 413, a microphone trace (MIC) 401, a sound energy trace
(SE) 403, and a pitch trace (PITCH) 405. As described above, the preferred method of
detecting a candidate snore event includes, for example, determining whether the ViVol 411
exceeds a breath threshold T, determining whether the EVT 407 exceeds a Tysg for at least
the duration of a sound event period T; before dropping past a Ty gg, and determining whether

the PITCH 405 falls between a minimum pitch Ts and a maximum pitch T¢. Compliance with
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one or more of these rules results in the detection of a candidate snore event in the SNORE
trace 413.

Fig. 5 illustratcs another cmbodiment with the same exemplary traces of Fig. 4.
As scen, for cxample, in portion 500 of the EVT tracce, and corresponding portions of the
SNORE, PITCH, Vr, MIC, and SE traces of Fig. 5, the snore detection method does not mark
as candidate snore events those breaths that include relatively small expiratory events.

Fig. 6 illustrates another cmbodiment with the same exemplary traces of Fig. 4.
Fig. 6 shows how speech or artifact that occur during inspiration, for example portion 600 of
the MIC trace and corresponding portions of the EVT, SNORE, PITCH, and SE traces, are not
detected as candidate snore events. Even though the microphone and sound energy traces
indicate the occurrence of sound or noise upon inspiration, the snore trace does not identify
such sound or noise as a candidatc snorc cvent.

The term "about," as used herein, should generally be understood to refer to
both the corresponding number and a range of numbers. Moreover, all numerical ranges
herein should be understood to include cach whole integer within the range.

While 1llustrative embodiments of the invention are disclosed herein, it will be
appreciated that numerous modifications and other embodiments can be devised by those of
ordinary skill in the art. Features of the cmbodiments described hercin can be combined,

separated, interchanged, and/or rearranged to generate other cmbodiments. The scope of the
claims should not be limited by the preferred embodiments or the examples but should be

given the broadest interpretation consistent with the description as a whole.

None of the references cited herein, regardless of how characterized above,
1s admutted as prior to the invention of the subject matter claimed herein.
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CLAIMS:
I A system for determining a snore event comprising:
a processor; and
a computer readable memory operatively coupled to the processor and
configured with instructions for causing the processor to perform steps including
recetving signals reflecting respiration and sound,
determining a candidate snore event by detecting the occurrence of
a breath, and detecting the occurrence of a sound event, and
confirming that the candidate snore event is not an isolated snore

event by determining that breaths immediately preceding and following the candidate

snore event include other candidate snore events.

2. The system of claim 1, wherein the occurrence of a breath is

detected when the respiration has a volume that is less than a breath threshold.

3. The system of claim |, wherein detecting the occurrence of a
sound event comprises measuring sound energy in the vicinity of the mouth or the nose

to sample the sound energy.

4, The system of claim 3, wherein the sampled sound energy is the

mean of at least 30 sound energy samples that are sampled at frequency of about 1500
Hz.

S. The system of claim 3, wherein the occurrence of a sound event is

detected when the sampled sound energy 1s greater than a sound event threshold and lasts

longer than a sound event period.

6. The system of claim 5, wherein the sound event period is about 50

milliseconds.

7. The system of claim 5, wherein the occurrence of a sound event is

detected when a peak sound energy occurrence ratio is greater than a threshold ratio, the
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peak sound energy occurrence ratio being a temporal location of a peak sound energy

expressed as a fraction relative to a total duration of the sampled sound energy.

8. The system of claim 5, wherein the occurrence of a sound event is
determined to be a candidate snore event when the pitch of the sampled sound energy is

greater than a minimum pitch and less than a maximum pitch.

9. The system of claim 35, wherein the occurrence of sound event is
determined to be a candidate snore event when the fraction of the sampled sound energy

that occurs during inspiration is greater than an inspiration threshold.

10. A monitoring system for determining a snore event comprising:

a processor;

a monitoring apparatus operatively coupled to the processor for
providing respiratory information by sensing rib cage motions and for providing sound
information by sensing sound energy in the vicinity of the mouth or the nose

a computer readable memory operatively coupled to the processor and
configured with instructions for causing the processor to perform steps including

receiving signals reflecting respiration and sound from the
monitoring apparatus,

determining a candidate snore event by detecting the occurrence of
a breath, and detecting the occurrence of a sound event; and

confirming that the candidate snore event is not an isolated snore
event by determining that breaths immediately preceding and following the candidate

snore event include other candidate snore events.

1.  The system of claim 10, wherein the occurrence of a breath is
detected when the sensed respiration has a volume that is fess than a breath threshold of

about 1.25 liters.

12, The system of ¢claim 11, wherein a candidate snore event is
confirmed as not an isolated snore event by:

processing at least five breaths immediately preceding and following the

candidate snore event, and
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detecting other candidate snore events in at least three of the at least five

preceding or following breaths.

13.  The system of claim 11, wherein the occurrence of a sound event
is detected when the sound energy is greater than a sound event threshold and lasts

longer than a sound event period.

14.  The system of claim 11, wherein the occurrence of a sound event
1S determined to be a candidate snore event when the pitch of the sampled sound energy

is greater than a minimum pitch and less than a maximum pitch.

13. A method for determining a snore event in a monitored subject,
cComprising:

detecting the occurrence of the subject's breath when the subject's breath
has a volume that is less than a breath threshold;

detecting the occurrence of a sound event from sound energy sampled
near a subject's mouth and/or nose when:

the sampled sound energy is greater than a sound event threshold
and lasts longer than a sound event period;

a peak sound energy occurrence ratio is greater than a threshold
ratio, the peak sound energy occurrence ratio being the temporal location of the peak |
sound energy expressed as a fraction relative to the total duration of the sampled sound
energy; and

determining that the detected sound event is a candidate snore event

when:

a pitch of the sampled sound energy of the sound event is greater
than a minimum sound energy pitch and less than a maximum sound energy pitch; and

a fraction of the sampled sound energy that occurs during

inspiration is greater than an inspiration threshold.
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