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portable respiratory health monitoring devices conserve computing resources
in portable respiratory health monitoring devices by employing lightweight al-
gorithm that calculates a partial short-time Fourier transform (STFT) image of
a respiratory signal that includes all data points necessary for wheeze detection
but excludes many data points that are unnecessary for wheeze detection. The
methods and systems provide substantial savings in computing resources while
still ensuring every wheeze in a respiratory signal is detected.
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DESCRIPTION

TITLE OF INVENTION: LIGHTWEIGHT WHEEZE DETECTION

METHODS AND SYSTEMS

TECHNICAL FIELD

The present invention relates to ambulatory health
monitoring and, more particularly, to lightweight wheeze
detection methods and systems designed to improve portable

respiratory health monitoring devices.

BACKGROU.ND ART

Wheeze monitoring is an important aspect of chronic
respiratory  disease management, such as asthma
management. Wheezes are adventitious lung sounds that are
superimposed on normal breath sounds and indicate
constricted breathing. A wheeze is generally characterized by
a high pitch sound lasting a predetermined duration, and can
be detected by evaluating time and frequency com-ponenté of a
respiratory signal.

In conventional wheeze monitoring, a complete short-
time Fourier transform (STFT) image is calculated to detect
wheezes in a respiratory signal. The complete STFT image
provides a two-dimensional representation df the amplitude of

the respiratory signal for all data points in a time and
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frequency domain according to the well-known formula:

2

STFT {z(t)} = X(7,w) = / z(thw(t — 7)e 7" dt

o =X

where w(t) is the window function, x(t) is the signal to be
transformed and X(t,®) is the Fourier transform of x(t)w(t-7), a -
complex function representing the phase and magnitude of
the signal over time and frequency. Wheezes can be detected
from evaluation of selected data points in the complete STFT
image.

Conventiqnal wheeze monitoring is not well-suited for
portable respiratory health monitoring devices that
continually acquire and evaluate a respiratory signal as é
persbn wearing the system goes about his or her daily life.
Such devices have limited computing resources, énd
calculating a complete STFT image to detect wheezes often

consumes an unacceptably large share of those scarce

resources.

SUMMARY OF INVENTION

In one aspect of the invention, an ambulatory health
monitoring device comprises .a respiratory data capture
system; a respiratory data acquisition system; a respiratory
data processing.system, a respiratory data output interface,

wherein the respiratory data processing system further
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comprises: a receiving section for receiving a respiratory
signal from the capture system via the acquisition system, a
noncontiguous line calculating section fo.r calculating
noncontiguous lines of a short-time Fourier transform (STFT)
image of the respiratory signal until a start line of the STFT
image conforming to one or more wheeze peak criteria is
identified, a contiguous line calculating section for
calculating, once a start line conforming to the wheeze peak
criteria is identified, contiguous lines of the ST.FT image
preceding the start line and contiguous lines of the STFT
image following the start 1ine until both a preceding line and
a following line not conforming to the wheeze peak criterria are
identified, a determining section for determining, once both a
preceding line and a following line not conforming to the
wheeze peak criteria are identified, using a total count of
calculated lines of the STFT image conforming to the wheeze
peak criteria whether a duration of a peak conforms to one or
more wheeze duration criteria, , a wheeze rate calculating
section for calculatiﬁg, upon determining that the duration
conforms to the wheeze duration criteria, a wheeze rate and a
transmitting section for btransmitting information indicative of
the whéeze rate to the output interface.

In another aspect of the invention, a lightweight wheeze
detection method comprises the steps of .receivin‘g a

respiratory signal; calculating noncontiguous lines of a short-
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time Fourier transform (STFT) image of the respiratory signal
until a start line of the STFT image conforming to one or more
wheeze peak criteria is identified; calculating, once a start
line conforming to the wheeze peak criteria is identified,
contiguous lines of the STFT image preceding the start line
and contiguous lines of the STFT image following the start
line until both a preceding line and a following line not
conforming to the wheeze peak criteria are identified; and,
determining, once both a preceding line and a following lin_e
not conforming to the wheeze peak criterig are idéntified, by
the processing system using a total count of calculated lines
of the STFT irﬁage conforming to the wheeze peak criteria
whether a duration of a peak conforms to one or more wheeze
duration criteria.

In yet another aspect of the invention, a lightweight
wheeze detection method comprises the steps of receiving a
respiratory signal; calculating a partial STFT image of the
respiratory signal comprising selected data points of selected
lines of a complete STFT image of the respiratory signal,
wherein the lines and the data points are selected based at
least in part on one or more wheeze peak criteria; and
detecting a wheeze in the partial STFT image based at least in
part oﬁ the wheeze peak criteria.

These and other aspects of the invention will be better

understood by reference to the following detailed description
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taken in conjunction with the drawings that are briefly
described below. Of course, the invention is defined by the

appended claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows an ambulatory health monitoring device in
some embodiments of the invention.
FIG. 2 shows a wheeze detection method performed by a

respiratory data processing system in some embodiments of -

the invention.

FIG. 3 shows a respiratory signal received by a

respiratory data processing system.

FIG. 4 shows a line of a STFT image calculated by a
respiratory data proceséing system.

FIG. 5 shows binary .values of wheeze detection
parameters calculated by a respiratory data processing

system.

FIG. 6 is a map showing selected data points of a STFT

image calculated by a respiratory data processing system. -
FIG. 7 shows a complete STFT ifnage.

FIG. 8 shows the sections of the respiratory data

processing system.

DESCRIPTION OF EMBODIMENTS

The present invention provides lightweight wheeze
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detection methods and systems for portable respiratdry health
monitoring devices. The invention conserves computing
resources in portable respiratory health monitoring devices by
employing a lightweight algorithm that calculates a partial
STFT image of a respiratory signal that includes all data
points that are necessary for wheeze detection but excludes
many data points that are unnecessary for wheeze detection.
The methods and systems provide substantial savings in
computing resoﬁrces while still ensuring every Awheeze in a
respiratory signal is detected.

FIG. 1 shows an ambulatory health monitoring device
100 in some embodiments of the inveﬁtion. Monitoring device
100 includes a respiratory .data capture system 105, a
respiratory data acquisition system 110, a respiratory data
proces.sing system 115 and a respiratory data output interface
120 communiéatively coupled in series.

Capture system _105 detects lung sounds at a detection
point, such as a trachea, chest or back of a person being
monitored and transmits a respiratory signal to acquisition
system 110 in the form of an electrical signal generated from
detected lung sounds. Capture. system 105 may include, for
example, a sound transducer positioned on the body of a
human subject.

Acquisition system 110 amplifies, filters, performs

analog/digital (A/D) conversion and automatic gain control
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| (AGC) on the respiratory signal received from capture system

105, and transmits the respiratory signal to processing
system 115. Amplification, filtering, A/D conversion and AGC
may be performed by serially arranged pre-amplifier, band-
pass filter, final amplifier, A/D conversion and AGC stages,
for example.

Processing system 115, under control of a processor
executing software instructions, performs time and frequency
domain processing, including calculation of partial STFT
images, on the respiratory signal to detect wheezes and
calculate wheeze rate. Processing system 115 under control
of the processor outputs the wheeze rate to data output
interface 120.

FIG. 8 shows the sections that are contained in the
respiratory processing systém 115. The processing system
115 includes abreceiving section 805 for receiving ‘a

respiratory signal from the capture system via the acquisition

system 110.

The processing system 115 further includes a
noncontiguous line calcuvlating section 810 for calculating
noncontiguous lines of a STFT im.age of the respiratory signal
until a start line of the STFT image conforming to one . or more
wheeze peak criteria is identified. '

The processing system 115 further includes a contiguous

line calculating section 815 for calculating, once a start line
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conforming to the  wheeze peak criteria is identified,
contiguous lines of the STFT image preceding the start lie and
contiguous lines of the STFT image following the start line
until both a preceding line and a following not conforming to
the wheeze peak criteria are identified.

The processing system 115 further includes a
determining sectionA 820 for determining, once both a
preceding line and a following line not conforming to the
wheeze peak criteria are identified, using a total count of
calculated lines of the STFT image conforming to the wheeze
peak criteria whether a duration of a peak conforms to one or
more wheeze duration criteria.

The processing system 115 further includes a wheeze
rate calculating section 825 for calculating, ﬁpon determining
that the duration conforms to the wheeze duration criteria, a
wheeze rate. The processing system 115 further includes a
transmitting section 830 for transmitting information
indicative of tvhe wheeze rate to the output interface.

Data output interface 120 includes one or more of a user
interface, a local analysis module, a data management
element and a network interface for displaying, processing,
storing and/or transmitting informa.tion received from
processing system 115, such as wheeze rate.

While in the illustrated embodiment capture system 105,

acquisition system 110, processing system 115 and data
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output interface 120 are part of a portable (e.g. wearable)
ambulatory health monitoring device that monifors a person's
physiological well—beihg in real-time as the person performs
daily activities, in other embodiments capture system 1095,
acquisition system 110, processing system 115 and/or data
output interface 120 may be part of separate dévices that are
remdtely coupled via .wired or wireless links.

FIG. 2 shows a wheeze detection method performed by
processing system 115 in some embodiments of the invention

- under control of a processor that executes | software
instructions. The method will be described in conjunction
with FIGS. 3-7.

Initially, processing system 115 receives a time domain
respiratory signal from acquisition system 110 (S2035). FIG. 3
shows an exemplary time domain respiratory sigﬁal received
by a processing system 115. The x-axis of the respiratory
signal is btime in seconds and the y-axis of the respiratory
signal is sound amplitude in'arbitrary units. The respiratory
signal exhibits p‘eriodicity corresponding to a respiratory cycle
(i.e. inhale/exhale). Wheezes are not readily deteqtable in the
time domain respiratory signal.

Next, processing system 115 calculates noncontiguous
lines of an STFT image of the r¢spiratory signal until a start
line conforming to wheeze peak criteria is identified. In this

regard, processing system 115 compares the frequency, height
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and width of the highest amplitude peak of a candidate start
line of an STFT image with predetermined frequency, height
and width thresholds, respectively (S215). This amplitude
peak can be seen as, for example, a minimum peak frequency,
a minimum peak height and a minimum peak width of the
start line of the STFT image. If the frequency, height and
width of the highest amplitude peak of the candidate start
line are all above threshold, the candidate start line is chosen
as the sfart line and the flow moves to Step S225. Oﬁ the
ofher hand, if one or more of the frequency, height or width of
the highest amplitude peak of the candidate start line is.
below threshold, processing system 115 advances N lines |
(S220) fro‘m the candidate start line and re-performs Step
S215 at the new candidate start line. Steps S215 and S220 |
are repeated in a loop until a start line is chosen or all
candidate start lines have been calculated and found wanting.

To better illustrate, FIG. 4 shows a line of an STFT
image cavlcu‘latedv by processing system 115. The line is a
slice of a complete STFT image taken over a short time
window of size W. The x-axis of the line is frequency in hertz
and the y-axis of the line is amplitude in arbitrary units. The
highest amplitude peak in the line is centered at about 190
Hz. In Step S215, the frequency, height and width of fhe
peak are compared with frequency, height and width

thresholds, respectively, to determine whether the line is
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chosen as the start line. By way of example, a frequency
threshold may Be set ‘at 150 Hz to conform to a minimum
frequency required for a peak to be properly classified as a
wheeze. Since the frequency of the peak shown in FIG. 4 is
greater than 150 Hz, the frequency threshold would be
surpassed in this example. Similér comparisons would be
made between the height of the peak (indicated by the circle
in FIG. 4) and the width of the peak (indicated in FIG.4) and
minimum height and width thresholds characteristic of a
wheeze to determine whether the line is chosen as the start
line.

The value of N used in Step 8220 is judiciously selected
to correspond to a minimum duration required for a peak to '
be properly classified as a wheeze. By selecting a value for N
that conforms to a wheeze of minimum duration, the total
number of lines calculated by processing. system 115 1is
reduced by up to a factor of N as compared with wheeze
detection methods that calculate a complete STFT image.
Moreover, this reduction in calculatiohs is realizéd without
risking failure to detect any wheeze expressed in the
respiratory signal. More particularly, the value of N may be

determined according to the formula:

N = D/[W(1-X)]
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where D is the minimum wheeze duration, W is the window
size of each STFT line and X is the percentage of overlap
between adjacent STFT lines. By way of exafnple, D may be
configured as 250 ms, W may be configured as 80 ms and X
may be configured as 0.50, such that the formula yields N = 6,
after rounding.
Once the start line has been chosen, processing system

115 calculates contiguous lines preced.ingbthe start line until
a preceding line not conforming fo the wheeze peék criteria is
identified. In this regard, processing system 115 first checks
whether the current line, which is initially the start line, is
the earliest available line of the STFT image (S225). If the
current line is the .earliest available line, calculation of
preceding lines is not possible and the flow moves to Step
S245. On the other hand, if the current line is not the
earliest availéble line, calculation of preceding lines is
possible and processing system 115 moves back one line
(S230) and compares the frequency, height and width of the
highest amplitude peak of the new current line with
predetermined fréc:iuency,_ height and width thresholds,
respectively (S235). If one of the frequency, height and width
of the highest amplitude peak of the current line is below
threshold, the flow moves to Step S240. On the other hand, if
all of the frequency, height or width of thé highest amplitude

peak of the current line are above threshold, processing
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system 115 returns to Step S225. Steps S225- S235 are
repeated in loop until a line preceding the start line is found
to not conform to the wheeze peak criteria or all available
lines preceding the start line have been calculated and found
to conform.

Next, processing system 115 calculates contiguous lines
following the start line until a following line not conforming to
the Whéeze peak criteria is identified. In this regard,
processing system 115 advances to the first line after the
start line (S240, S245) 'and compares the frequency, height
and width of the highest amplitude peak of the current line
with the frequency, height and width thresholds, respectivgly
(S250). If one of the frequency, height and width of the
highest amplitude peak of the current line is below threshold, |
the flow moves to Step S255. Obn the other hand, if all of the
frequency, height or width of the highest arriplitude peak of
the current line are above threshold, processing system 115
returns to Step S245. Steps S245 and S250 are repeated in a
loop until a line following the start line is found to not‘
conform to the wheeze peak criteria.

Naturally, the order in which processing system 115
calculates contiguous lines preceding and following the start
line is reversible. That is, processing system 115 may first
calculate contiguous lines following the start line and

thereafter calculate contiguous lines preceding the start line.
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Importantly, calculation of the contiguous lines
preceding and following the start line is limited to a region of
each contigudus line within a predetermined range of a
central frequency of the highest amplitude peak of the start
line. For example, if the line of FIG. 4 is chosen as the start
line, proceSsing system 115 limits calculation of each
contiguous line precediﬁg and following the start line to data
points bounded by the dotted lines shown in FIG. 4. This
limitation provides additional significant reduction in the
number of data points of the STFT image calculated by
processing system 115 as compared to methods that calculate
the complete STFT image.

Once both a preceding line and a following line not
'Conforming to the wheeze peak criteria aré identified,
processing system 115 determines using the total count of
calculated lines conforming to the wheeze peak criteria
whether the duration of the highest amplitude peak conforms
to a wheeze duration criterion. In this regard, processing
system 115 compares the total number of above-threshold
lines calculated attendant to performing Steps S215, S235
and S250 with é wheeze duration threshold (S255). In some
embodiments, the total count is compared directly With a
wheeze duration threshold that is expressed as a number of
lines (é.g. N = 6). In other embodiments, the total count is

converted to a duration in units of time and the duration is
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compared with a wheeze .duration threshold that is expressed
in units of timé. In either event, if the comparison is below
the threshold, the duration of the peak conforming to the
wheeze peak criteria is insufficient to classify the peak as a -
wheeze, and the flow returns to Step S220. On the other
hand, if the comparison is above the threshold, the duration
of the peak is sufficient to classify the peak as a wheeze, and
processing system 115 processes the wheeze (S260). Wheeze
processing may include, for example, calculating a wheeze

rate according to the formula:
R = tw/ttot

_wh.erye R is the wheeze rate, ty is the duratién of the wheeze,
and ttor is the duration of a respiratory cycle.

FIG. 5 shows exemplary binary values of wheeze
detection parameters determined by processing system 115
attendant to performing the method of FIG. 2. Values of "1"
indicate conformance with a given criterion and values of "0"
~indicate nonconformance with a givgn criterion. FIG. 5 shows
values for the following criteria: peak height 510, peak width
520, peak contiguity 530 (i.e. whether the peak height and
peak width criteria are satisfied for both the preceding line
and the current line) and wheeze detection 540 (i.e. whether

peak contiguity persists over a minimum wheeze duration).
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FIG. 6 is a map (fast wheeze algorithm) showing selected
data points- of a STFT image of the resp_iratory signal
calculated by processing system 115 attendant to performing
.the method of FIG. 2. Dark areas of the map indicate data
points that were calculated. Light areas of the map indicate
data pdints that were not calculated, and reflect calculation
savings relative to methods wherein the comple.te SFTF image
is calculated.

FIG. 7 is a complete STFT image (shown here in black
and white) showing the amplitude of different frequencies
(shown as white areas against the black background)
expressed in the respiratory s’ignal at different times.
Juxtaposition of FIG. 6 and FIG. 7 makes clear that the
number of data points calculated by processing system 115
attendant to performing the method of FIG. 2 is significantly
lower than the numBer of data poinfs in the complete STFT
image, as nonessential lines of the STFT image are skipped as
a result of Steps S215 and S220, and other lines of the STFT
image are only calculated .in a limited frequency range as a
result of frequency-bounding the lines calculated in Steps
S235 and S250.

So'm.e embodiments of the present invention disclose
devices in which the wheeze peak criteria comprise minimum
peak frequency, minimum peak height and minimum peak

width of the start line of the STFT image.
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Some embodiments of the present invention disclose
devices in which conformance of a calculated line of the STFT
image to the wheeze peak criteria is identified upon detecting
that frequency,v height and width of a highest amplitude peak
in the calculated line exceed a predetermined frequency,
height and width threshold, respectively.

Some embodiments of the present invention disclose
devices in which nonconformance of a calculated line of the
STFT image with the wheeze peak criteria is identified upon
detecting that one or more of fi‘eque‘ncy, height or width of a
highest amplitude peak' in the calculated line is below a
predetermined frequency, height or width threshold,
respectively.

Some embodiments of the present invention disclose
devices in which the wheeze duration criteria comprise a
minimum wheeze duration.

Some embodiment.s of the present invention disclose
devices in which conformance of the duration to the wheeze
duration criteria is ‘determined based at least in part on a
comparison of the total count with a predetermined wheeze
duration threshold.

Some embodiments‘ of the present invention disclose
devices in which each consecutive pair of the noncontiguous
lines is separated by a predetermined number of lines of the

STFT image determined in accordance with a minimum wheeze



WO 2011/115239 PCT/JP2011/056515
-18 -

duration.

Some embodiments of the present invention disclose
devices in which the processing system limits calculation of
the contiguous lines preceding the start line and the
contiguous lines following the. start line to a region of each
contiguous line that is within é predetermined range of a
frequency of a highest amplitude peak of the start line.

Some embodiments of the present invention disclose
methods, which cofnprise, upon determining that‘the duration
conforms to the wheeze duration criteria, the step of
calculating by the processing system a wheeze rate.

Some embodiments of the present invention disclose
methods, which comprise, upon determining that the durationv
does not conform to the wheeze duration criteria, the steps of
skipping by the processing system a predetermined number of
lines of the STFT image determined in accordance with a
minimum wheeze duration and re-performing the first
calculating step.

Some embodiments of the present invention dis‘close an
ambulatory health monitoring device in which the wheeze
peak criteria comprise minimum peak frequency, minimum
peak height and minimum peak width.

Some embodiments of the present invention disclose an
ambulatory health monitoring device in which cohformance of

a calculated line of the STFT image to the wheeze peak
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criteria is identified upon ‘detecting that frequency, height
and width of a highest amplitude peak in the calculated line
exceed predetermined frequency, height and width thresholds,
respectively.

Some embodiments of the present invention discloses an
ambulatory health monitéring device in which
nonconformance of a calcﬁlated line of the STFT image with
the wheeze peak criteria is identified upon detecting that one
or more of frequency, height or width of a highest amplitude
peak in fhe calculated line is below a predetermined
frequency, height or width threshold, respectively.

Some embodiments of the present invention discloses an
ambulatory health monitoring device in which .the wheeze
duration criteria comprise a minimum wheeze duration. |

Some embodiments of the present invention discloses an
ambulatory health monitoring device in WhiCh conformance of
the duration to the wheeze duration criteria is determined
based at least in par_t on a comparison of the total count with
a predetermined wheeze duration threshold.

Some embodiments of the present invention discloses an
ambulatory health monitoring device in which each

consecutive pair of the noncontiguous lines is separated by a
predetermined number of lines of the STFT image determined
in accordance with a minimum wheeze duration.

Some embodiments of the present invention discloses an
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ambulatory health monitoring device in which the processing
system limits calculation of the contiguous lines preceding
the start line and the contiguous lines following the start line
to a region of each contiguous line that is within a
predetermined range of a frequeflcy of a highest amplitude
peak of the start line.

Some embodiments of the present invention disclose
methods in which the lines are selected and the wheeze is
detected by the processing system based at least in part on
one or more wheeze duration criteria.

Some embodiments of thé present invention _disclose
methods in which the wheeze peak criteria comprise minimum
peak frequency, minimum peak height and minimum peak
width.

Some embodiments }of the present invention disclose
methods in whvich conformance of a calculated line of the
STFT image to the wheeze peak criteria is identified upon
detecting that frequency, height and width of a highest
amplitude_ peak in the calculated line exceed predetermined
frequency, height and width thresholds, respectively.

Some embodiments of thé present invenfion disclose
methods in which nonconformance of a calculated line of the
STFT image with the wheeze peak criteria is identified upon
detecting that one or more of frequency, height or width of a

‘'highest amplitude peak in the calculated line is below a
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predetermined frequency, height or width thresh’old.,
respectively.

Some embodiments of the present invention disclose
methods in which the wheeze duration criteria comprise a
minimum wheeze duration.

Some embodiments of the present invention disclose
methods in which conformance to the wheeze duration criteria
is determined based at least in part on a comparison of the
total count with a predetermined wheeze duration threshold.

Some embodiments of the present invention disclose
methods in which each consecutive pair of the noncontiguous
lines is separafed by a predetermined number of.lines of the
STFT image determined in accordance with a minimum wheeze
duration.

Some embodiments of the present inveﬁtion disclose
method‘s in which the second calculating step comprises
limiting by the processing system calculation of the
contiguous lines preceding the start line and the configuous
lines following the starf line to a region of each contiguous
line that is within a predetermined range of a frequency of a
highest amplitude peak of the start line.

It will be appreciated by those of ordinary skill in the art
that the invention can be embodied iﬁ other sp‘ecificvforms
without departing from the épirit or essential character hereof.

The present description is therefore considered in all respects:
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to be illustrative and not restrictive. The scope df the
invention is indicated by the appended claims, and all
changes that come with in the meaning and range of

equivalents thereof are intended to be embraced therein.
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CLAIMS

1. An ambulatory health monitoring device, comprising:

a respiratory data capture system;

a respiratory data ‘acquisition system;

a respiratory data processing system; and

a respiratory data output interface,

wherein the respiratory data processing system further
comprises:

a receiving section for receiving a respiratory signal from
the capture system via the acquisition system,

a noncontiguous line calculating section for calculating

“noncontiguous lines of a short-time Fourier transform (STFT)
image of the respiratory signal until a start line of the STFT
image conforming to one or more wheeze peak criteria is
identified,

a contiguous line calculating section for calculating,
once a start line conforming to the wheeze peak criteria is
identified, contiguous lines of the STFT image preceding the
start‘ line and contiguous lines of the STFT image following
the start line until both a preceding line‘and a following line
not conforming tb the wheeze peak criteria are identified,

a determining section for determining, once both a
preceding ‘line and a following line not conforming to the

wheeze peak criteria are identified, using a total count of
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calculated lines of the STFT image conforming to the wheeze
peak criteria whether a duration of a peak conforms to one or

more wheeze duration criteria,
a wheeze rate calculating section for calculating, upon
determining that the duration conforms to the wheeze

duration criteria, a wheeze rate and

a transmitting section for transmitting information

indicative of the wheeze rate to the output interface.

2. The device of claim 1, wherein the wheeze peak
criteria comprises a minimum peak frequency, minimum peak

height and minimum peak width of the start line of the STFT

image.

3. The device of claim 1, wherein conformance of a
calculated line of the STFT image to the wheeze peak criteria
is identified upon detecting that frequency, height and width
of a highest amplitude peak in the calculated line exceed a

predetermined frequency, height and width threshold,

respectively.

4. The device of claim 1, wherein nonconformance of a
calculated line of the STFT image with the wheeze peak
criteria is identified upon detecting that one or more of

frequency, height or width of a highest amplitude peak in the
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calculated line is below a predetermined frequency, height or

width threshold, respectively.

5. The device of claim 1, wherein the wheeze duration

5 criteria comprise a minimum wheeze duration.

6. The device of claim 1, wherein conformance of the
duration to the wheeze duration criteria is determined based
at least in part on a comparison of the total count with a

J predetermined wheeze duration threshold.

7. The device of claim 1, wherein each consecutive pair
of the noncontiguous lines is separated by a predetermined
number of lines of the STFT image determined in accordance

5 with a minimum wheeze duration.

8. The device of claim 1, wherein the processing system

limits calculation of the contiguous lines preceding the start

line and the chtiguous lines .follvo.vving the start line to a

) region of each contiguous line that is within a predetermined

range of a frequency of a highest amplitude peak of the start

line.

9. The device of claim 1, wherein the respiratory data

) acquisition system is communicatively coupled with the
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respiratory data capture system, the respiratory data
processing system is communicatively coupled with  the
respiratory data acquisition system, and the respiratory data
output interface is communicatively coupled with the

processing system.

10. A lightweight wheeze detect‘ion method, comprising
the steps of:

receiving a respiratory signal;

éalculating noncontiguous lines of a short—t.ime Fourier

- transform (STFT) image of the respiratory signal until a start

line of the STFT image conforming to one or more wheeze peak
criteria is identified; |

calculating, once a start line conforming to the wheeze
peak criteria is identified, contiguous lines of the STFT image
preceding“ the>startl line and contiguous lines of the STFT
image following the start line until both a preceding line and
a following line not conforming to the wheeze peak criteria are
identified; and,

determining, once both a preceding line and a following
line not conforming to the wheeze peak criteria are identified,
using a total count of calculated lines of the STFT image
conforming to the wheeze peak criteria whether a duration of

a peak conforms to one or more wheeze duration criteria.
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11. The method of claim 10, further comprising, upon
determining that the duration conforms to the wheeze
duration criteria, the step of calculating by the processing

system a wheeze rate.

12. The method of claim 10, further comprising, upon
determining that the duration does not conform to the wheeze
duration criteria, performing the steps of:

skipping a predetermined number of lines of the STFT

J image determined in accordance with a minimum wheeze
duration; and

re-performing the first calculating step.

13. A lightweight Wheeze detection met‘hod, comprising
b) thé steps of:
receiving a respiratory signal;
calculating a partial short-time Fourier transform (STFT)
image of the respiratory signal comprising selected data
points of selected lines of a complete STFT imége of the
) reSpiratory signal, wherein the lines and the data points are
selected based at least in part on one or more wheeze peak
criteria; and
detecting a wheeze in the partial STFT image based at

least in part on the wheeze peak criteria.
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14. The method of claim 13, wherein the lines are
selected and the wheeze is detected by the processing system

based at least in part on one or more wheeze duration criteria.
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