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7) ABSTRACT

A respiratory waveform recognition method comprises: (2)
detecting a respiratory airflow in a respiratory cycle; (b) mea-
suring an amplitude of the respiratory airflow and a duration
of the respiratory cycle; (c) using a plurality of sampling
points to determine an inspiration waveform and an expira-
tion waveform according to the amplitude and the duration;
(d) normalizing the amplitude and the duration of one of the
inspiration waveform and the expiration waveform, so as to
establish a normalized waveform; and (e) accumulating the
differences between the normalized waveform and a refer-
ence waveform to calculate a flow index useful for the iden-
tification of a normal respiration state and an abnormal res-
piration state. A curve, such as a weighted curve or a standard
waveform, is used for fitting of the inspiration waveform or
the expiration waveform to calculate the differences, and the
differences are accumulated to identify the normal respiration
state and the abnormal respiration state. Also provided is a
respiratory waveform recognition system.
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RESPIRATORY WAVEFORM RECOGNITION
METHOD AND SYSTEM

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to respiration state
recognition and more particularly to a respiratory waveform
recognition method and a system thereof, in which at least a
portion of a respiratory airflow is fit to at least one of a curve,
a weighted curve and a standard waveform.

BACKGROUND

[0002] Conventionally, when a patient fails to acquire suf-
ficient oxygen concentration during respiration (hereinafter
referred to as abnormal respiration state), he or she may use a
respiration machine to maintain the necessary respiration
activity to ensure sufficient oxygen concentration supply.
[0003] The abnormal respiration state usually occurs when
the patient is sleeping and may generally be categorized into
apnea, hypopnea or flow limitation, as described in detail
below.

[0004] Apnea refers to decreased blood oxygen in patients
due to the cessation of airflow supply to lung for more than 10
seconds during sleep. Patients diagnosed with sleep apnea
suffer from abnormal life and increased risk of cardiovascular
diseases, heart attack and cerebral haemorrhage due to poor
sleep quality.

[0005] Hypopnea refers to reduced airflow due to overly
slow or shallow breathing during sleep. In addition, it may be
accompanied by oxygen desaturation and arousal for tens of
seconds. For example, if during sleep the respiration activity
and airflow are reduced by 50% to 70% and the blood oxygen
saturation is reduced by 4%, hypopnea can be properly diag-
nosed.

[0006] Flow limitation refers to reduced airflow passage
due to partially obstructed airway. Specifically, events of
repeated partial or complete obstruction of the upper airway
may occur during sleep and result in temporary arousal of the
patient because of dysfunctional upper airway muscles, thick-
ening of larynx soft tissues, tonsil proliferation or tonsil
hypertrophy.

[0007] Apnea-hypopnea index (AHI), which is the total
number of apneas and hypopneas per hour, may be used for
determining hypopnea or flow limitation. For an AHI greater
than or equal to 15 or 5, the patient may have the problems
associated with daytime sleepiness, snoring, witnessed apnea
and arousal due to temporary choking and gasping.

[0008] Generally, snoring refers to the symptom where
annoying sound is caused during sleep by the vibration of the
soft tissues in throat, velum or uvula when airflow passes
through narrowed upper airway.

[0009] Therespiration machines mentioned above has been
recognized as the most effective way to treat abnormal respi-
ration state, wherein patients may receive continuous gas
supply from the respiration machines to increase blood oxy-
gen concentration.

[0010] Respiration machines can be categorized into posi-
tive pressure respiration machines and negative pressure res-
piration machines according to the style of pressure supply.
[0011] For positive pressure respiration machines, a respi-
ratory airflow of patients is detected as the basis for assisting
patients to perform respiration activity at a proper time.
[0012] Implantable detection technique and non-implant-
able detection technique are currently employed to detect a

Mar. 24, 2016

respiratory airflow. A detector is implanted into human body,
such as heart ventricle, lung, or larynx, as the implantable
detection technique, and an external positive pressure respi-
ration machine is used for detecting the airflow as the non-
implantable detection technique. The non-implantable detec-
tion technique does not require implantation and therefore
allows quicker and easier detection of respiratory airflow of
the patient without causing much discomfort than the
implantable counterpart.

[0013] Even though the non-implantable detection tech-
nique may enable simple detection, there are still some draw-
backs in the conventional respiration machines because these
machines fail to effectively and precisely identify the severity
of the abnormal respiration state and may undesirably inhibit
patient’s respiration when continuously providing pressure to
the patient, which may worsen the respiration disorder.
[0014] Therefore, there is an unsolved need to provide a
respiration machine allowing precise identification of sever-
ity and providing proper air pressure appropriately.

[0015] Accordingly, this disclosure provides a respiratory
waveform recognition method and a system thereof capable
of precisely identifying a normal respiration state and an
abnormal respiration state from a respiratory airflow.

SUMMARY

[0016] A first objective of the present disclosure is to pro-
vide arespiratory waveform recognition method, in which an
amplitude and a duration of a respiratory airflow are timely
normalized to provide a normalized respiratory airflow useful
for an algorithm to precisely calculate a flow index useful for
the identification of a normal respiration state and a abnormal
respiration state, wherein the abnormal respiration state
includes apnea, hypopnea and flow limitation.

[0017] A second objective of the present disclosure is to
provide a respiratory waveform recognition method which
captures an inspiration waveform or an expiration waveform
from the respiratory airflow to reduce the computation load
and time of the algorithm, wherein the respiratory waveform
recognition method may identify the state of the respiratory
airflow by any one of the inspiration waveform and the expi-
ration waveform.

[0018] A third objective of the present disclosure is to pro-
vide a respiratory waveform recognition method, in which a
curve fitting method is used for fitting the normalized inspi-
ration waveform or expiration waveform to a first-order linear
curve, a high-order linear curve, a weighted curve or a stan-
dard waveform, so as to determine the severity of the abnor-
mal respiration state.

[0019] A fourth objective of the present disclosure is to
provide a respiratory waveform recognition method, in which
several sampling points in the respiratory airflow are redis-
tributed through weighting during the fitting process, so as to
promote the identification of the severity of the abnormal
respiration state.

[0020] A fifth objective of the present disclosure is to pro-
vide a respiratory waveform recognition method, in which
one of a plurality of standard waveforms most similar to the
normalized inspiration waveform or the normalized expira-
tion waveform is selected to calculate the errors between the
two waveforms to determine the severity of the abnormal
respiration state.

[0021] A sixth objective of the present disclosure is to pro-
vide a respiratory waveform recognition method, in which a
portion of the normalized inspiration waveform or the nor-
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malized expiration waveform is selected, and the differences,
such as the standard deviation of an absolute error, between
the portion of the waveform and one of the standard wave-
forms are calculated to determine the severity of the abnormal
respiration state.

[0022] A seventh objective of the present disclosure is to
provide a respiratory waveform recognition system for
detecting a respiratory airflow and identifying a normal res-
piration state and an abnormal respiration state therefrom.
[0023] In order to achieve these and other objectives, the
present disclosure provides a respiratory waveform recogni-
tion method for identification of a normal respiration state
and an abnormal respiration state from a respiratory airflow,
the respiratory waveform recognition method comprising: (a)
detecting the respiratory airflow in a respiratory cycle; (b)
measuring an amplitude of the respiratory airflow and a dura-
tion of the respiratory cycle, wherein the duration is sufficient
for detecting an ascending waveform or a descending wave-
form of the respiratory airflow; (¢) using a plurality of sam-
pling points to determine an inspiration waveform and an
expiration waveform according to the amplitude and the dura-
tion; (d) normalizing the amplitude and the duration of one of
the inspiration waveform and the expiration waveform, so as
to establish a normalized waveform; and (e) accumulating the
differences between the normalized waveform and a refer-
ence waveform to calculate a flow index useful for the iden-
tification of the normal respiration state and the abnormal
respiration state.

[0024] In order to achieve these and other objectives, the
present disclosure provides a respiratory waveform recogni-
tion method for identification of a normal respiration state
and an abnormal respiration state from a respiratory airflow,
the respiratory waveform recognition method comprising:
(al) detecting the respiratory airflow in a respiratory cycle;
(b1) measuring an amplitude of the respiratory airflow and a
duration of the respiratory cycle, wherein the duration is
sufficient for detecting an ascending waveform or a descend-
ing waveform of the respiratory airflow; (c1) using a plurality
of sampling points to determine an inspiration waveform and
an expiration waveform according to the amplitude and the
duration; (d1) normalizing the amplitude and the duration of
oneofthe inspiration waveform and the expiration waveform,
so as to establish a normalized waveform; (el) fitting the
normalized waveform to a linear equation; and (f1) using a
weighted least-squares method to calculate the differences
between the normalized waveform and the linear equation,
and calculating a flow index from the differences with a
weighting function, the flow index being useful for the iden-
tification of the normal respiration state and the abnormal
respiration state.

[0025] In order to achieve these and other objectives, the
present disclosure provides a respiratory waveform recogni-
tion method for identification of a normal respiration state
and an abnormal respiration state from a respiratory airflow,
the respiratory waveform recognition method comprising:
(a2) detecting the respiratory airflow in a respiratory cycle;
(b2) measuring an amplitude of the respiratory airflow and a
duration of the respiratory cycle, wherein the duration is
sufficient for detecting an ascending waveform or a descend-
ing waveform of the respiratory airflow; (c2) using a plurality
of sampling points to determine an inspiration waveform and
an expiration waveform according to the amplitude and the
duration; (d2) normalizing the amplitude and the duration of
one ofthe inspiration waveform and the expiration waveform,
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s0 as 1o establish a normalized waveform; (e2) comparing a
plurality of standard waveforms and the normalized wave-
form, so as to set one ofthe standard waveforms as a reference
waveform which is most similar to the normalized waveform
among the standard waveforms; and (f2) accumulating the
differences between the normalized waveform and a refer-
ence waveform to calculate a flow index useful for the iden-
tification of the normal respiration state and the abnormal
respiration state.

[0026] In order to achieve these and other objectives, the
present disclosure provides a respiratory waveform recogni-
tion system for identification of a normal respiration state and
an abnormal respiration state from a respiratory airflow, the
respiratory waveform recognition system comprising an air-
flow sensor, a processing unit and a display unit. The airflow
sensor detects flow variation of the respiratory airflow for a
duration, wherein the duration is sufficient for detecting an
ascending waveform or a descending waveform of the respi-
ratory airflow. The processing unit is connected to the airflow
sensor for receiving a signal corresponding to the flow varia-
tion of the respiratory airflow, using an algorithm to analyze
an amplitude of the respiratory airflow and measuring a dura-
tion of a respiratory cycle to calculate a flow index, the algo-
rithm being adapted to determine, according to the flow
index, whether the respiratory airflow represents the normal
respiration state or the abnormal respiration state. The display
unit is connected to the processing unit for displaying the
normal respiration state or the abnormal respiration state. The
algorithm samples the amplitude and the duration of a plural-
ity of sampling points, the amplitude and the duration deter-
mine an inspiration waveform and an expiration waveform,
and the algorithm normalizes the amplitude and the duration
of one of the inspiration waveform and the expiration wave-
form, so as to establish a normalized waveform. The algo-
rithm is configured for obtaining the flow index by calculating
the differences between a reference waveform and the nor-
malized waveform, or by calculating the differences between
a linear equation and the normalized waveform.

[0027] In brief, the respiratory waveform recognition
method and system of the present disclosure may fit the
waveform of a respiratory airflow with at least one of multiple
curves and calculate the differences therebetween. A flow
index is calculated according to the differences, and the flow
index may determine whether the respiratory airflow repre-
sents the normal respiration state or the abnormal respiration
state. In addition to the determination of different respiration
states, the flow index may further identify the severity of the
abnormal respiration state, such as apnea, hypopnea, or flow
limitation.

[0028] Notably, for hypopnea or flow limitation, the
method and system of the present disclosure may further
derive an AHI index from the flow index so as to determine
obstructive sleep apnea or snoring symptom.

[0029] The present disclosure solves the problems of con-
ventional respiration machines which fail to effectively deter-
mine the severity of the abnormal respiration state and unde-
sirably inhibit patient’s respiration when continuously
providing pressure to the patient, which may worsen the
respiration disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Many aspects of the present embodiments can be
better understood with reference to the following drawings.
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Moreover, in the drawings, like reference numerals designate
corresponding parts throughout the several views.

[0031] FIG. 1 illustrates a flowchart of one embodiment of
the respiratory waveform recognition method according to
the present disclosure;

[0032] FIG. 2(a) illustrates a waveform representing a not-
mal respiration state;

[0033] FIG. 2(b) illustrates a waveform representing an
abnormal respiration state;

[0034] FIG. 3 illustrates a waveform representing the
abnormal respiration state of FIG. 2(b) after amplitude nor-
malization and duration or time normalization;

[0035] FIG. 4 illustrates several standard waveforms S(i);
and
[0036] FIG. 5 illustrates a block diagram of one embodi-

ment of the respiratory waveform recognition system accord-
ing to the present disclosure.

DETAILED DESCRIPTION

[0037] Embodiments of the present disclosure will now be
described in detail below and with reference to the drawings.
[0038] FIG. 1 illustrates a flowchart of one embodiment of
the respiratory waveform recognition method according to
the present disclosure, the respiratory waveform recognition
method being capable of identifying and/or determining a
normal respiration state and/or an abnormal respiration state
from the waveform of a respiratory airflow.

[0039] FIG. 2(a) illustrates a waveform representing a not-
mal respiration state. FIG. 2(a) may also represent the wave-
form reflecting the variation of airflow in the airway of a
patient during inspiration and expiration, wherein the x-axis
represents time T and the y-axis represents amplitude A. The
waveform between time 0 and t, may represent the inspiration
airflow variation, and the waveform between time t, and t,
may represent expiration airflow variation. In the normal
respiration state, the inspiration airflow variation is substan-
tially equal to the expiration airflow variation.

[0040] FIG. 2(d) illustrates a waveform representing an
abnormal respiration state. In the abnormal respiration state,
the airway is influenced by different obstruction degrees, so
the inspiration airflow variation is not equal to the expiration
airflow variation.

[0041] Referring back to FIG. 1, the respiratory waveform
recognition method starts from step S11 for detecting the
respiratory airflow in a respiratory cycle. Taking FIG. 2(b) as
the example, the respiratory cycle is defined as the duration of
completing one inspiration and one expiration, i.e. the cycle
from time 0 to t,.

[0042] Step S12 is adapted for measuring an amplitude of
the respiratory airflow and a duration of the respiratory cycle.
InFIG. 2(b), the amplitude represents the magnitude between
A, to -A|, and the duration represents the span between time
0tot,.

[0043] Step S13 is adapted for using a plurality of sampling
points to determine an inspiration waveform (from time 0 to
t,) and an expiration waveform (from timet, tot,) according
to the amplitude A and the duration T. For example, sampling
at a low frequency, such as several Hz, may be employed to
create corresponding sampling points on the coordinate of
amplitude A and corresponding time T, so as to delineate the
waveform.

[0044] Step S14 s adapted for normalizing the amplitude A
and the time T of one of the inspiration waveform and the
expiration waveform, so as to establish a normalized wave-
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form, as shown in FIG. 3, which represents a normalized
inspiration waveform. In FIG. 3, because the amplitude of the
inspiration waveform has been normalized, the magnitude of
the amplitude A is normalized from A, to 1, and the length of
time T is normalized from t, to t,.

[0045] Step S15 is adapted for accumulating the differ-
ences, such as the least absolute error value and/or the least
square error value, between the normalized waveform and a
reference waveform to provide a flow index for determining
whether the normalized waveform is identified as the normal
respiration state or the abnormal respiration state. Several
different types of reference waveforms may be used, as
described below.

[0046] a) First-Order Linear Equation

[0047] Thereference waveform may be in compliance with
a first-order linear equation o, i+0.,, wherein the flow index
has the mathematical representation Z_*IC1(1)-F(i)l,
wherein C1(1) is the first-order linear equation, ., and o, are
constants, X is a starting point of the sampling points, y is an
ending point of the sampling points, i is each sampling point
between x and y, and F(i) is the amplitude A of the normalized
waveform at the sampling point i.

[0048] b) Second-Order Linear Equation

[0049] The reference waveform may be in compliance with
a second-order linear equation o, i*+ctyi+¢s, Wherein the
flow index has the mathematical representation 2,_ *IC2(i)-
F(i)l, wherein C2(1) is the second-order linear equation, a.;,
o, and a; are constants, X is a starting point of the sampling
points, y is an ending point of the sampling points, i is each
sampling point between x and y, and F(i) is the amplitude A of
the normalized waveform at the sampling point i.

[0050] Because the second-order linear equation is plotted
as a curve, it provides better fitting than the first-order linear
equation.

[0051] c) Third-Order Linear Equation

[0052] Thereference waveform may be in compliance with
a third-order linear equation o, -i*+0tyi* 40y 140, Wherein
the flow index has the mathematical representation ,_*1C3
(D)-F(@)I, wherein C3(i) is the third-order linear equation, .,
o, 05 and o, are constants, X is a starting point of the sam-
pling points, y is an ending point of the sampling points, 1 is
each sampling point between x and y, and F(i) is the amplitude
A of the normalized waveform at the sampling point 1.
[0053] Compared with the fitting effect of the second-order
linear equation, the third-order linear equation could further
provide the capability of reflecting left or right shifting of the
curve.

[0054] d) Third-Order Weighted Linear Equation

[0055] Thereference waveform may be in compliance with
a third-order weighted linear equation o, 1> +0t, 1* 401y i4+ty,
wherein the flow index has the mathematical representation
2, W([I)xICA(1)-F(i)l, wherein W(i) is defined below:

A, i=xy
WM B, i=MAX(F();
C, others

[0056] wherein C4(i) is the third-order linear equation, a,,
o, 03 and o, are constants, x is a starting point of the sam-
pling points, y is an ending point of the sampling points, 1 is
each sampling point between x and y, W(i) is a weighting
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function, A, B and C are weighting factors, and F(i) is the
amplitude A of the normalized waveform at the sampling
point i.

[0057] Compared with the fitting effect of the third-order
linear equation, the third-order weighted linear equation
could further weight for example the starting point x or the
ending point y so as to adjust the end points of the curve
delineated by the third-order weighted linear equation and
reduce the error caused by the end points.

[0058] In this embodiment, the third-order weighted linear
equation cites only the starting point and the ending point as
the example, but this is for illustrative purpose only and not
for limiting. In other words, other sampling points may also
be weighted in addition to or instead of the starting point and
the ending point.

[0059] In one embodiment, the weighting factor A ranges
from 50 to 100, the weighting factor B ranges from 200 to
400, and the weighting factor C is 1.

[0060] e) Standard Waveform

[0061] The reference waveform may also be in compliance
with one of a plurality of standard waveforms S(i), as illus-
trated in FIG. 4. in which waveforms S(i),, S(i), and S(1); of
three normal respiration states are exemplified. The flow
index has the following mathematical representation:

M=

(Ki-p?

L

i

i

wherein

y
Ki= Z RX|F() - S,

p= %Z’“?
R_Zsu)_

TXLFG’

[0062] wherein x is a starting point of the sampling points,
y is an ending point of the sampling points, i is each sampling
point between x and y, L is the duration between the starting
point and the ending point, Ki is an absolute error between
any one of the standard waveforms and the normalized wave-
form, pis the mean of absolute errors, R is aratio of areaunder
curve of any one of the standard waveforms and the normal-
ized waveform, and F(i) is the amplitude A of the normalized
waveform at the sampling point i.

[0063] Inoneembodiment, the starting point is set to 20%
of the sampling points and the ending point is set to 80% of the
sampling points.

[0064] Invariousembodiments of the reference waveforms
a) to e), a plurality of flow thresholds can be set for the flow
index. By comparing the flow index with the flow thresholds,
the airway obstruction degree can be further determined from
the flow index, such as clear airway, mild obstruction, severe
obstruction or snoring.

[0065] Notably, although first-order to third-order linear
equations are cited as the examples for the reference wave-
form, the reference waveform of the present disclosure is not
limited thereto and can be expanded to other higher-order
linear equations. For example, other higher-order linear equa-
tions can be plotted as curve waveforms for fitting the nor-

Mar. 24, 2016

malized waveform, and then the differences between the two
waveforms are calculated to obtain the flow index for identi-
fying the normalized waveform as a normal respiration state
or an abnormal respiration state. Similarly, a weighting func-
tion may be introduced to other higher-order linear equations
to reduce the error from the end points.

[0066] Notably, to achieve more precise recognition, iden-
tification or determination, the flow index calculated from the
higher-order linear equations may also be compared with the
flow thresholds to identify the degree of obstruction in the
airway.

[0067] FIG. 5 illustrates a block diagram of one embodi-
ment of the respiratory waveform recognition system accord-
ing to the present disclosure. The respiratory waveform rec-
ognition system 10 is capable of identifying a normal
respiration state NRS and an abnormal respiration state
ANRS from a respiratory airflow RA.

[0068] The respiratory waveform recognition system 10
comprises an airflow sensor 12, a processing unit 14 and a
display unit 16.

[0069] Inaperiod of time, the airflow sensor 12 detects the
flow variation of the respiratory airflow RA, and the length of
the period or duration is sufficient for detecting the ascending
waveform or descending waveform of the respiratory airflow
RA.

[0070] The processing unit 14 is connected with the airflow
sensor 12. The processing unit 14 receives a flow variation
signal of the respiratory airflow RA and employs an algorithm
to analyze the amplitude A of the respiratory airflow RA and
measure the time T of the respiratory cycle, thereby obtaining
a flow index F1. Moreover, the algorithm determines whether
the respiratory airflow RA represents the normal respiration
state NRS or the abnormal respiration state ANRS according
to the flow index FI.

[0071] For example, the algorithm obtains amplitudes A
and times T of a plurality of sampling points. The amplitudes
A and times T determines an inspiration waveform and an
expiration waveform. The algorithm normalizes the ampli-
tudes A and times T of one of the inspiration waveform and
the expiration waveform, so as to establish a normalized
waveform. The algorithm calculates the differences between
a standard waveform and the normalized waveform, or the
differences between a linear equation and the normalized
waveform, so as to obtain the flow index F1.

[0072] In another embodiment, the reference waveform is
selected from a plurality of standard waveforms, and the
selected standard waveform is most similar to the normalized
waveform.

[0073] Thedisplay unit 16 is connected with the processing
unit 14. The display unit 16 displays the normal respiration
state NRS or the abnormal respiration state ANRS.

[0074] In another embodiment, the respiratory waveform
recognition system 10 further comprises a storage unit (not
shown) connected with the processing unit 12 to store the flow
index FL

[0075] While at least one exemplary embodiment has been
presented in the foregoing detailed description, it should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary one or more embodi-
ments described herein are not intended to limit the scope,
applicability, or configuration of the claimed subject matter in
any way. Various changes can be made in the function and
arrangement of elements without departing from the scope
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defined by the claims, which include known equivalents and
foreseeable equivalents at the time of filing this patent appli-
cation.

What is claimed is:

1. A respiratory waveform recognition method for identi-
fication of a normal respiration state and an abnormal respi-
ration state from a waveform of a respiratory airflow, the
respiratory waveform recognition method comprising:

detecting the respiratory airflow in a respiratory cycle;

measuring an amplitude of the respiratory airflow and a

duration of the respiratory cycle, wherein the duration is
sufficient for detecting an ascending waveform or a
descending waveform of the respiratory airflow;

using a plurality of sampling points to determine an inspi-

ration waveform and an expiration waveform according
to the amplitude and the duration;
normalizing the amplitude and the duration of one of the
inspiration waveform and the expiration waveform, so
as to establish a normalized waveform; and

accumulating the differences between the normalized
waveform and a reference waveform to calculate a flow
index useful for the identification of the normal respira-
tion state and the abnormal respiration state.

2. The respiratory waveform recognition method of claim
1, wherein the reference waveform is in compliance with a
first-order linear equation C1(i) of the following mathemati-
cal representation:

o i+0,; and

the flow index has the following mathematical representa-
tion:

2, IC1)-FG);

wherein o, and ., are constants, X s a starting point of the
sampling points, y is an ending point of the sampling
points, 11is each sampling point between x and y, and F(i)
is the amplitude of the normalized waveform at the sam-
pling point 1.
3. The respiratory waveform recognition method of claim
1, wherein the reference waveform is in compliance with a
second-order linear equation C2 (i) of the following math-
ematical representation:

0, °+0,,1+0;3; and

the flow index has the following mathematical representa-
tion:

271200 -F @),

wherein o, @, and a4 are constants, X is a starting point of

the sampling points, y is an ending point of the sampling

points, iis each sampling point between x and y, and F(i)

is the amplitude of the normalized waveform at the sam-
pling point i.

4. The respiratory waveform recognition method of claim

1, wherein the reference waveform is in compliance with a

third-order linear equation C3(i) of the following mathemati-
cal representation:

040 P40 i+ and
the flow index has the following mathematical representa-
tion:
3, YIC30)-F(i)l;
whereina,, o.,, &y and o, are constants, x is a starting point
of the sampling points, y is an ending point of the sam-
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pling points, i is each sampling point between x and y,
and F(i) is the amplitude of the normalized waveform at
the sampling point i.
5. The respiratory waveform recognition method of claim
1, wherein the reference waveform is in compliance with a
third-order weighted linear equation C4(i) of the following
mathematical representation:

B Lt
Oy TP +0, T2+ T +0,; and

the flow index has the following mathematical representa-
tion:

Y
Z W) X |C4(0) - F(D);

i=x

wherein
A, i=x,y
W(iR B, i=MAX(F(®);
C, others

wherein o, 0.,, 0.; and 0, are constants, X is a starting point
of the sampling points, y is an ending point of the sam-
pling points, i is each sampling point between x and y,
W(i) is a weighting function, A, B and C individually
represent a weighting factor, and F(i) is the amplitude of
the normalized waveform at the sampling point 1.
6. The respiratory waveform recognition method of claim
5, wherein the weighting factor A ranges from 50 to 100, the
weighting factor B ranges from 200 to 400, and the weighting
factor Cis 1.
7. The respiratory waveform recognition method of claim
5, further comprising:
setting a plurality of flow thresholds; and
comparing the flow index with the flow thresholds to deter-
mine obstruction severity of an airway.
8. The respiratory waveform recognition method of claim
7, wherein, according to the respiratory airflow of the airway,
the obstruction severity is categorized into the following
types: clear airway, mild obstruction, severe obstruction and
snoring.
9. The respiratory waveform recognition method of claim
1, wherein the reference waveform is in compliance with one
of a plurality of standard waveforms S(i), and the flow index
has the following mathematical representation:

i=x

S (Ki-p?
.

wherein

Yy
Ki= Z RX|F())-S(;

= %Z K
.. > st

LGN

wherein x is a starting point of the sampling points, y is an
ending point of the sampling points, i is each sampling
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point between x and y, L is the duration between the
starting point and the ending point, Ki is an absolute
error between any one of the standard waveforms and the
normalized waveform, | is the mean of absolute errors,
R is aratio of area under curve of any one of the standard
waveforms and the normalized waveform, and F(i) is the
amplitude of the normalized waveform at the sampling
point i.

10. The respiratory waveform recognition method of claim
9, wherein the starting point is set to 20% of the sampling
points and the ending point is set to 80% of the sampling
points.

11. A respiratory waveform recognition method for iden-
tification of a normal respiration state and an abnormal res-
piration state from a respiratory airflow, the respiratory wave-
form recognition method comprising:

detecting the respiratory airflow in a respiratory cycle;

measuring an amplitude of the respiratory airflow and a

duration of the respiratory cycle, wherein the duration is
sufficient for detecting an ascending waveform or a
descending waveform of the respiratory airflow;

using a plurality of sampling points to determine an inspi-

ration waveform and an expiration waveform according
to the amplitude and the duration;

normalizing the amplitude and the duration of one of the

inspiration waveform and the expiration waveform, so
as to establish a normalized waveform;

fitting the normalized waveform to a linear equation; and

using a weighted least-squares method to calculate the

differences between the normalized waveform and the
linear equation, and calculating a flow index from the
differences with a weighting function, the flow index
being useful for the identification of the normal respira-
tion state and the abnormal respiration state.

12. A respiratory waveform recognition method for iden-
tification of a normal respiration state and an abnormal res-
piration state from a respiratory airflow, the respiratory wave-
form recognition method comprising:

detecting the respiratory airflow in a respiratory cycle;

measuring an amplitude of the respiratory airflow and a

duration of the respiratory cycle, wherein the duration is
sufficient for detecting an ascending waveform or a
descending waveform of the respiratory airflow;

using a plurality of sampling points to determine an inspi-

ration waveform and an expiration waveform according
to the amplitude and the duration;

normalizing the amplitude and the duration of one of the

inspiration waveform and the expiration waveform, so
as to establish a normalized waveform;

comparing a plurality of standard waveforms with the nor-

malized waveform, so as to set one of the standard wave-
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forms as a reference waveform which is most similar to
the normalized waveform among the standard wave-
forms; and

accumulating the differences between the normalized
waveform and the reference waveform to calculate a
flow index useful for the identification of the normal
respiration state and the abnormal respiration state.

13. The respiratory waveform recognition method of claim
12, wherein the differences represent at least one of a least
absolute error value or a least square error value.

14. The respiratory waveform recognition method of claim
12, wherein the abnormal respiration state indicates apnea,
hypopnea or flow limitation.

15. A respiratory waveform recognition system for identi-
fication of a normal respiration state and an abnormal respi-
ration state from a respiratory airflow, the respiratory wave-
form recognition system comprising:

an airflow sensor for detecting flow variation of the respi-
ratory airflow for a duration, wherein the duration is
sufficient for detecting an ascending waveform or a
descending waveform of the respiratory airflow;

a processing unit connected to the airflow sensor, the pro-
cessing unit receiving a signal corresponding to the flow
variation of the respiratory airflow, using an algorithm to
analyze an amplitude of the respiratory airflow and mea-
suring the duration to calculate a flow index, the algo-
rithm being adapted to determine, according to the flow
index, whether the respiratory airflow represents the
normal respiration state or the abnormal respiration
state; and

a display unit connected to the processing unit, the display
unit displaying the normal respiration state or the abnor-
mal respiration state;

wherein the algorithm samples the amplitude and the dura-
tion of a plurality of sampling points, the amplitude and
the duration determine an inspiration waveform and an
expiration waveform, and the algorithm normalizes the
amplitude and the duration of one of the inspiration
waveform and the expiration waveform, so as to estab-
lish a normalized waveform, the algorithm obtaining the
flow index by calculating the differences between a ref-
erence waveform and the normalized waveform, or by
calculating the differences between a linear equation
and the normalized waveform.

16. The respiratory waveform recognition system of claim
15, further comprising a storage unit connected to the pro-
cessing unit for storing the flow index.

17. The respiratory waveform recognition system of claim
15, wherein the reference waveform is selected from a plu-
rality of standard waveforms and is most similar to the not-
malized waveform among the standard waveforms.
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detecting the respiratory airflow in a respiratory
cycle

| _—s11

3

measuring an amplitude and a duration of the
respiratory airflow
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using a plurality of sampling points te determine an
inspiration waveform and an expiration waveform
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normalizing the amplitude and time of the
waveform to establish a normalized waveform
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accumulating the differences between the
normalized waveform and a reference waveform to
calculate a flow index
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