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(7) ABSTRACT

This disclosure relates to methods and apparatus for detecting
respiratory rate. The method for detecting respiratory rate
may include: sampling respiratory waveform data in a time
sequence; detecting respiratory cycles from the sampled res-
piratory waveform data; calculating variation degree for the
sampled respiratory waveform data; calculating base length
base on the variation degree; calculating smoothed length
base on the base length; calculating real-time degree for each
respiratory cycle base on the variation degree, sequence num-
ber of each respiratory cycle, and the smoothed length; and
calculating respiratory rate base on the smoothed length and
the real-time degree.
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METHODS AND APPARATUSES FOR
DETECTING RESPIRATORY RATE

TECHNICAL FIELD

[0001] This disclosure relates generally to respiratory
monitoring systems. Particularly, this disclosure relates to
methods and apparatuses for detecting respiratory rate in
respiratory monitoring systems.

BACKGROUND

[0002] Respiratory rate is a common physiological param-
eter in physiological parameters monitoring that is usually
measured via impedance pneumography. Respiratory rate is
generally calculated by following steps: detecting peaks and
valleys from received waveform, calculating duration of each
respiratory cycle and stacking the durations into an FIFO
(First In, First Out) array, then averaging a number of dura-
tions of recent respiratory cycles, where the number is
restricted by an accumulated time threshold.

[0003] The respiratory rate of a patient may change fre-
quently, because the patient’s respiratory impedance can be
sensitive to some external factors, such as movement, heart
beat and the like. When the respiratory rate of the patient
changes from low to high (or from high to low) very quickly
and then enters into a relatively stable respiratory state, it is
generally desirable that the respiratory rate detected by a
patient monitor could reflect the changing respiration trend in
atimely manner. But conventional respiratory rate smoothing
calculation method may not meet such requirements satisfac-
torily, and specific problems can be as follows.

[0004] 1. The respiratory rate is calculated by averaging
real-time respiratory rates of several respiratory cycles with-
out considering real-time change in the respiratory rate, so the
result may not reflect real-time condition; and

[0005] 2. In conventional methods, the respiratory rate is
calculated using real-time respiratory rates of the latest 12
respiratory cycles without fully considering the influence of
respiratory cycles used, which may cause poor smoothness in
the result, for example, sudden change can occur in current
respiratory rate when real-time respiratory waveforni is intet-
fered.

SUMMARY

[0006] Disclosed herein are embodiments of methods and
apparatuses for detecting respiratory rate.

[0007] In one aspect, an method for detecting respiratory
rate can include:

[0008] sampling respiratory waveform data in a time
sequence;
[0009] detecting respiratory cycles from the sampled res-

piratory waveform data;

[0010] calculating variation degree for the sampled respi-
ratory waveform data;

[0011] calculating base length based on the variation
degree;
[0012] calculating smoothed length based on the base
length;
[0013] calculating real-time degree for each respiratory

cycle based on the variation degree, sequence number of each
respiratory cycle, and the smoothed length; and calculating
respiratory rate based on the smoothed length and the real-
time degree.
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[0014] 1In another aspect, an apparatus for detecting respi-
ratory rate can include:

[0015] a sampling module for sampling received respira-
tory waveform data in a time sequence;

[0016] a respiratory cycle detection module for detecting
respiratory cycles from the sampled respiratory waveform
data;

[0017] a variation degree calculation module for calculat-
ing variation degree for the sampled respiratory waveform
data;

[0018] a base length calculation module for calculating
base length based on the variation degree;

[0019] asmoothed length calculation module for calculat-
ing smoothed length based on the base length;

[0020] a real-time degree calculation module for calculat-
ing real-time degree of each respiratory cycle based on the
variation degree, sequence number of corresponding respira-
tory cycle, and the smoothed length; and

[0021] arespiratory rate calculation module for calculating
respiratory rate based on the smoothed length and the real-
time degree.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 shows a flow chart of a method for detecting
respiratory rate according to an embodiment;

[0023] FIG. 2 shows a simulated diagram of relationship
between real-time degree and respiratory cycle according to
the method for detecting respiratory rate shown in FIG. 1;
[0024] FIG. 3 shows a simulated diagram of relationship
between base length and the latest respiratory rate according
to the method for detecting respiratory rate shown in FIG. 1;
[0025] FIG. 4 shows a simulated diagram of relationship
between smoothed length and base length according to the
method for detecting respiratory rate shown in FIG. 1,
[0026] FIG. 5 shows a simulated diagram of relationship
between smoothed length and the latest respiratory rate
according to the method for detecting respiratory rate shown
in FIG. 1;

[0027] FIG. 6 shows a simulated diagram of relationship
between respiratory rate and respiratory cycle according to
the method for detecting respiratory rate shown in FIG. 1;
[0028] FIG. 7 shows a schematic diagram of an apparatus
for detecting respiratory rate according to an embodiment.

DETAILED DESCRIPTION

[0029] In the disclosure, the respiratory rate can be calcu-
lated by averaging weighted respiratory rates corresponding
to respiratory cycles within certain time duration. Typically
human respiration changes slowly and sometimes may expe-
rience external interference, which can cause poor signal
quality and a drastic change in real-time respiratory rate.
Therefore, real-time respiratory rate often needs to be
smoothed, and the principle may be as follows:

[0030] 1. Increase stability and reflect real-time degree for
respiration with large variations;

[0031] 2. Increase real-time degree and reflect respiratory
rate change within short time duration for respiration with
small variations;

[0032] 3. Employ more respiratory cycles to perform aver-
aging for respiration with high respiratory rate, so as to
enhance stability thereof;
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[0033] 4. Employ less respiratory cycles to perform aver-
aging for respiration with low respiratory rate, so as to
enhance real-time degree thereof.

[0034] The method for detecting respiratory rate can
include the following steps: sampling received respiratory
waveform; detecting respiratory cycles; calculating variation
degree; calculating variation factor; calculating base length;
calculating smoothed length; and calculating respiratory rate.
FIG. 1 is a flow chart showing the method for detecting
respiratory rate according to an embodiment, which may
include the following steps.

[0035] Atstep 1,received respiratory waveform data can be
sampled within a time period in a time sequence to obtain a
group of samples.

[0036] At step 2, respiratory cycles can be detected from
the group of samples, which is the sampled respiratory wave-
form data. Specifically, step 2 may include the following
steps:

[0037] Firstly, for each respiratory cycle, whether the res-
piratory cycle is saturated can be evaluated: counting a time
duration t in which a series of samples exceed a saturation
threshold, if t is greater than a time threshold, for example if
0.2 s, then the corresponding respiratory cycle is set as
saturated state, otherwise the corresponding respiratory cycle
is set as unsaturated state.

[0038] Secondly, peaks and valleys can be detected from
the group of samples: setting a detecting state, when the
detecting state is valley searching, if a series of samples
decrease continuously, then update valley value in real time,
and if the series of samples increase and the increased range
(which is value of current sample minus valley value) exceeds
a rising threshold, which could be adjusted automatically in
every respiratory cycle, then a valley is found and the detect-
ing state is changed to peak searching; when the detecting
state 1s peak searching, if a series of samples increase con-
tinuously, then update peak value, and if the series of samples
decrease and the decreased range (which is value of current
sample minus peak value) exceeds a declining threshold,
which could be adjusted automatically in every respiratory
cycle, then a peak is found and the detecting state is changed
to valley searching. The rising threshold and the declining
threshold y can be updated as follows:

k+H <T
* ,x_2
y:

1 H T’
(k_Z]*H_ﬁ*x"x>f

[0039] wherek is an empirical coefficient that can be within
[V2, 1], T is the duration of the previous respiratory cycle, H is
the peak-to-valley height of the previous respiratory cycle,
and x represents the sampling time of a sample corresponding
to a respiratory cycle.

[0040] Finally, the duration of the respiratory cycle can be
obtained from the peaks or valleys detected: the time differ-
ence between two adjacent peaks or valleys is the duration of
the respiratory cycle.

[0041] Inaddition, in order to improve smoothness further,
after the duration of the respiratory cycle is calculated, step 2
can further include:

[0042] If the duration difference between the current and
previous respiratory cycles is equal to or greater than a dif-
ference threshold and the current respiratory cycles is satu-
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rated, the duration of the current respiratory cycle can be
smoothed by the duration of the previous respiratory cycle.
Specifically, this can be realized as follows:

[0043] The duration of each respiratory cycle can respec-
tively be recorded with two respiratory cycle arrays in chro-
nological order. The first array can record the detected respi-
ratory durations, while the second array can record the
affirmed respiratory durations.

[0044] When the current respiratory cycle is saturated: if
the difference between the durations of the current and pre-
vious respiratory cycles recorded in the first array is equal to
or greater than a difference threshold, then the duration of the
previous respiratory cycle is used as the duration of the cur-
rent respiratory cycle, which is then recorded in the second
array; if the difference between the durations of the current
and previous respiratory cycles recorded in the first array is
less than the difference threshold, then the duration of the
current respiratory cycle is recorded in the second array, and
the saturation status can then be cleared. For all other situa-
tions, the duration of the current respiratory cycle can be
recorded in the second array. The difference threshold can be
chosen as 20%.

[0045] At step 3, variation coefficient and variation degree
can be calculated.

[0046] Firstly, a set of variation coefficients can be calcu-
lated for the group of samples. The variation coefficient
between two adjacent samples cv can be calculated by

dl-d2
dl+dnf2’

where d1 and d2 are two samples, d1=0, d2=0 and d1 and d2
cannot be 0 at the same time. For a group of samples s(N) (N
is the number of samples), variation coefficient can be calcu-
lated for adjacent samples.

[0047] The variation coefficient is a relative value, which
may reflect the change between two adjacent samples:

[0048] Ifd1=d2, then cv=0, indicating there is no variation
between the two adjacent samples;

[0049] Ifdl or d2 is equal to 0, then cv=2, indicating the
largest change between the two adjacent samples;

[0050] Ifdl is greater than d2, then cv>0, indicating d1
increases with respect to d2 and the value of the variation
coefficient cv can reflect the amount of such increase; and

[0051] If d1 is less than d2, then cv<0, indicating d1
decreases with respect to d2 and the value of the variation
coefficient cv can reflect the amount of such decrease.

[0052] Secondly, the variation degree for the group of
samples is determined. Two critical values are provided: Icvis
a smaller critical value and mcv is an intermediate critical
value, where O<lcv<mcv<2. Numbers Icnt and ment of the
variation coefficients belonged to [0, Icv] and [0, mev] is
counted respectively.

[0053] Then, whether
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is greater than or equal to a first threshold (such as whether

Ient
= 80%).
N

If yes, the variation degree for the group of samples is con-
sidered low; otherwise, whether

is greater than or equal to the first threshold (such as whether

mcent i
%5 50%),
N

i

if yes, the variation degree for the group of samples is con-
sidered intermediate, otherwise the variation degree for the
group of samples is considered high. In practical applications,
the fist threshold may be adjusted to other values as required.
[0054] In the embodiment, a variation factor could be used
to reflect the variation degree for the group of samples. When
the variation degree for the group of samples is high, the
variation factor n is 0; when the variation degree of the group
of samples is intermediate, the variation factor n is 1; when
the variation degree for the group of samples is low, the
variation factor is 2.

[0055] At step 4, base length is calculated.

[0056] The value of the base length is adopted as the bigger
one from areference cycles number and a minimum empirical
period number during a predetermined time. Where the pre-
determined times corresponding to different variation
degrees are different, specifically the predetermined time is a
first time period when the variation degree is low, the prede-
termined time is a second time period when the variation
degree is intermediate, the predetermined time is a third time
period when the variation degree is high, and the first time
period<the second time period<the third time period; the
reference cycles number is the number of respiratory cycles
calculated base on the previous respiratory rate and the pre-
determined time period; the minimum empirical period num-
ber is a empirical value.

[0057] For example, the first time period is 10s, the second
time period is 15 s and the third time period is 20 s. When the
variation degree is low and the minimum empirical period
number is 5, the base length is MAX (5, 10*the previous
respiratory rate/60); when the variation degree is intermediate
and the minimum empirical period number is 6, the base
length is MAX(6, 15* the previous respiratory rate/60); when
the variation degree is high and the minimum empirical
period number is 7, the base length is MAX(7, 20* the pre-
vious respiratory rate/60).

[0058] The relationship between the previous respiratory
rate and the base length may be best depicted with a view in
MATLAB, for example, as shown in FIG. 3, where n is a
variation factor.

[0059] From the calculation of the base length, it can be
seen that the base length is related to the variation degree for
the group of samples. The base length increases with the
increase of the latest respiratory rate. And the higher the
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variation degree is, the faster the base length increases with
the increase of the latest respiratory rate.

[0060] The predetermined first, second and third time
period could not be too long or too short. A longer time period
leads to slower change and a larger number of respiratory
cycles; a shorter time period leads to a faster change and a
smaller number of respiratory cycles.

[0061] At step 5, smoothed length is calculated.

[0062] It is defined that the relationship between the
smoothed length and the base length is given by the following
equation:

st s

i=sl-bl+1 i=1

[0063] wherei is the sequence number indicating the posi-
tion of the respiratory cycle, n is the variation factor and n=0,
th, is a second threshold, bl represents the base length, sl
represents the smoothed length, and sl is the minimum integer
satisfying the equation. The second threshold th, could be
90% or other values as required.

[0064] Once the base length is determined, the smoothed
length may be calculated. The relationship between the
smoothed length and the base length is best depicted with a
view in MATLAB, for example, as shown in FIG. 4, where n
is the variation factor.

[0065] The relationship between the previous respiratory
rate and the smoothed length is best depicted with a view in
MATLAB, for example, as shown in FIG. 5, where n is the
variation factor.

[0066] At step 6, real-time degree and the variation factor
are calculated.
[0067] Firstly, real-time weight is determined. Each respi-

ratory cycle corresponds to a real-time weight, and the real-
time weight and the sequence number of corresponding res-
piratory cycle is an exponential relationship. That is p(i)=i",
where p(i) is the real-time weight, i is the sequence number of
corresponding respiratory cycle, and n is the variation factor.

[0068] Then, the real-time degree is calculated. The real-
time degree specifies the closeness between sampling time of
the respiratory cycle and current time. A higher real-time
degree indicates that the respiratory cycle has a better real-
time performance. The real-time degree rt(i) can be calcu-
lated by

where i is the sequence number of corresponding respiratory
cycle, a sequence number indicating the position for a pre-
ceding respiratory cycle is smaller than a sequence number
indicating the position for a subsequent respiratory cycle, nis
the variation factor, n=0, and sl is the smoothed length.

[0069] Taking the latest 10 respiratory cycles as an
example, Table. 1 below lists the relationship between the
real-time degree and the variation factor.
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TABLE 1

Sequence number 1 2 3 4 5 6 8 9 10

Time direction of Past > Now

sequence number

Real-time weight 1 1 1 1 1 1 1 1 1

(variation factor = 0)

Real-time degree 01 01 01 0.1 0.1 0.1 0.1 0.1 0.1

Real-time weight 1 2 3 4 5 6 8 9 10

(variation factor = 1)

Real-time degree 0.018 0.036 0.054 0072 0.09 0.109
Real-time weight 1 4 9 16 25 36
(variation factor = 2)

Real-time degree 0.002 0.01 0.023 0.041 0.064  0.093

0.127  0.145  0.163 0.181

64 81 100

0.127 0166  0.21 0.259

[0070] The above table may be best depicted with a view in
MATLAB, for example, as shown in FIG. 2, where n is the
variation factor.

[0071] Itmay be seen from the real-time degree calculation
formula that the real-time degree of a certain respiratory cycle
is related to the variation factor n and the sequence number.
From the determination of the variation factor n and the
sequence number of the respiratory cycle, it may be known
that a sequence number indicating the position for a preced-
ing respiratory cycle is smaller than a sequence number indi-
cating the position for a subsequent respiratory cycle, and a
higher variation degree corresponds to a smaller variation
factor n so that a mapping relationship occurs between the
real-time degree and the variation degree. This relationship
may be indicated with the variation factor. For respiratory
cycles with a higher variation degree, a smaller variation
factor is selected and the difference between real-time
degrees of respiratory cycles at different time sequence is
smaller s, so that the calculated stability of the respiratory rate
mightincrease. For respiratory cycles with a smaller variation
degree, a larger variation factor is selected and the difference
between real-time degrees of respiratory cycles at different
time sequence is large (the real-time degree of a respiratory
cycle which is closer to the current moment is higher), so that
the instantaneity of the calculated respiratory rate could be
increased. Thereby realizing increasing stability for respira-
tory cycles with larger variation and increasing real-time
degree for respiratory cycles with smaller variation degree.

[0072] At step 7, respiratory rate is calculated.
[0073] The respiratory rate may be calculated by:
st
rtay = Z rr(i) = re(i);
i=1
[0074] where rtav represents the respiratory rate, i is the

sequence number of the respiratory cycle, rt(i) is the real-time
degree of the i-th respiratory cycle, and rr(i) is the respiratory
rate of the i-th respiratory cycle. The calculation of the
smoothed respiratory rate may be best depicted with a view in
MATLAB, for example, as shown in FIG. 6, where n is the
weighting factor.

[0075] As shown in FIG. 7, in one embodiment, an appa-
ratus for detecting respiratory rate may include a sampling
module, a respiratory cycle detection module, a variation
degree calculation module, a base length calculation module,
a smoothed length calculation module, a real-time degree
calculation module and a respiratory rate calculation module.

[0076] The sampling module samples received respiratory
waveform data within a time period in a time sequence to
obtain a group of samples.

[0077] The respiratory cycle detection module detects res-
piratory cycles from the group of samples, which may include
a cycle saturation detection unit for judging whether each
respiratory cycle is saturated respectively: a peak-valley
detection unit for detecting peaks and valleys from the group
of samples; and a respiratory cycle calculation unit for calcu-
lating duration of the respiratory cycle on the time difference
between two adjacent peaks or valleys.

[0078] In addition, the respiratory cycle detection module
may further include a cycle smoothing unit for smoothing the
current respiratory cycle by the duration of the previous res-
piratory cycle if duration difference between the current and
previous respiratory cycles is equal to or great than a differ-
ence threshold and the current respiratory cycle is saturated.

[0079] The variation degree calculation module calculates
the variation degree, which may include a variation coeffi-
cient calculation unit, a counting unit and a judgment unit.
The variation degree calculation unit calculates a set of varia-
tion coefficients for the group of samples, and the specific
calculation method is the same as above method. The count-
ing unit counts numbers Ient and ment of variation coefficient
belonged to [0, Icv] and [0, mev] respectively, where Icv is a
smaller critical value, mcv is an intermediate critical value
and O=Icv<mev<2. The judgment unit judges whether

is greater than or equal to a first threshold (such as whether

Ienr
= 80%):
N

If yes, the variation degree for the group of samples is con-
sidered low; or further judges whether
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is greater than or equal to the first threshold (such as whether

ment
75 309,
N

if yes, the variation degree for the group of samples is con-
sidered intermediate, or the variation degree for the group of
samples is considered high.

[0080] In the embodiment, a variation factor could be used
to represent the variation degree. When the variation degree
for the group of samples is high, the variation factor n is 0;
when the variation degree for the group of samples is inter-
mediate, the variation factor nis 1; when the variation degree
for the group of samples is low, the variation factor is 2.
[0081] The value of the base length is adopted as the bigger
one from areference cycles number and a minimum empirical
period number during a predetermined time, and the number
of respiratory cycles calculated base on the previous respira-
tory rate and the predetermined time period. The specific
calculation method is the same as above method.

[0082] The smoothed length calculation module calculates
smoothed length by calculated base length. Specifically, the
smoothed length calculation module calculates the smoothed
length is calculated by:

sl sl

Z I zch*Zi”;

i=sl-bl+1 i=1

[0083] wherei is the sequence number indicating the posi-
tion of the respiratory cycle, n is the variation factor, th2 is a
second threshold, bl is the base length, sl is the smoothed
length, and s1is the minimum integer satisfying the equation.
[0084] The real-time degree calculation module calculates
real-time degree of each respiratory cycle base on the varia-
tion degree, sequence number of each respiratory cycle and
the smoothed length. Specifically, the real-time degree calcu-
lation module calculates the real-time degree of each respi-
ratory cycle by:

[0085] wherei is the sequence number of the corresponding
respiratory cycle, n is the variation factor, sl is the smoothed
length and rt is the real-time degree.

[0086] The respiratory rate calculation module calculates
smoothed respiratory rate base on the smoothed length and
the real-time degree. Specifically, the smoothed length calcu-
lation module calculates the smoothed length is calculated
by:

sl sl

Z P Zthz*Zi";

i=sl-bl+1 =1

[0087] wherei is the sequence number indicating the posi-
tion of the respiratory cycle, n is the variation factor, th2 is a
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second threshold, bl is the base length, sl is the smoothed
length, and s is the least integer satisfying the equation.
[0088] Inconclusion, for respiration with larger variations,
using smaller variation degree and larger base length, stability
of the respiratory rate could be enhanced and timeless change
could be reflected; for respiration with smaller variations,
using higher variation degree and less base length, the time-
less change could be enhanced and respiratory rate change
could be reflected in shorter time; for respiration with larger
respiratory rate, use more respiratory cycles to do smoothing
process, so as to enhance stability; for respiration with lower
respiratory rate, use less respiratory cycles to do smoothing
process, so as to reflect timeless change. In practical applica-
tion, the stability and timeless change of the respiratory rate
could be obtained better overall results by the variation factor
and the base length.

[0089] The foregoing specification has been described with
reference to various embodiments. However, one of ordinary
skill in the art will appreciate that various modifications and
changes can be made without departing from the scope of the
present disclosure. Accordingly, this disclosure is to be
regarded in an illustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope thereof. Likewise, benefits, advantages, and solutions
to problems have been described above with regard to various
embodiments and are not to be construed as critical, required,
or essential feature or element. The scope of the present
disclosure should, therefore, be determined by the following
claims.

What is claimed is:

1. A method for detecting respiratory rate, comprising:

Al. sampling respiratory waveform data in a time
sequence;

B1. detecting respiratory cycles from the sampled respira-
tory waveform data;

C1. calculating variation degree for the sampled respira-
tory waveform data;

D1. determining base length based on the variation degree;

El. calculating smoothed length based on the base length;

F1. calculating real-time degree for each respiratory cycle
based on the variation degree, sequence number of each
respiratory cycle, and the smoothed length; and

G1. calculating respiratory rate based on the smoothed
length and the real-time degrees.

2. The method of claim 1, wherein said B1 comprises:

B11. for each respiratory cycle, whether the respiratory
cycle is saturated can be evaluated,

B12. detecting peaks and valleys from the sampled respi-
ratory waveform data;

B13. calculating duration of the respiratory cycle base on
the time difference between two adjacent peaks or val-
leys detected in B12.

3. The method of claim 2, wherein after said B13, said B1

further comprising:

B14. if duration difference between the current and previ-
ous respiratory cycles is equal to or greater than a dif-
ference threshold and the current respiratory cycle is
saturated, the duration of the current respiratory cycle is
smoothed by the duration of the previous respiratory
cycle.

4. The method of claim 1, wherein said C1 comprising:

C11. calculating a set of variation coefficients for the
sampled respiratory waveform data;
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C12. counting numbers Icnt and ment of variation coeffi-
cients belonged to [0, Icv] and [0, mev] respectively,
wherein Icv is a smaller critical value, mev is an inter-
mediate critical value, and O<Icv<mcv<2;

C13. judge whether

is greater than or equal to a first threshold: If'yes, the variation
degree is low; or further judge whether

is greater than or equal to the first threshold, if yes, the
variation degree is intermediate, or the variation degree is
high, wherein N is the number of the sampled respiratory
waveform data.

5. The method of claim 4, wherein the first threshold is
80%.

6. The method of claim 1, wherein the value of the base
length is adopted as the bigger one from a reference cycles
number and a minimum empirical period number during a
predetermined time;

wherein the predetermined time is a first time period when

the variation degree is low, the predetermined time is a
second time period when the variation degree is inter-
mediate, the predetermined time is a third time period
when the variation degree is high, and the first time
period<the second time period<the third time period.

7. The method of claim 6, wherein said reference cycles
number is the number of respiratory cycles calculated base on
the previous respiratory rate and the predetermined time
period.

8. The method of claim 1, wherein said smoothed length is
calculated by:

sl sl

Z i zth;*Zi”;

i=sl-bl+1 i=1

wherein i is the sequence number indicating the position of
the respiratory cycle, n is the variation factor, th, is a
second threshold, bl is the base length, sl is the smoothed
length, and sl is the minimum integer satisfying the
equation;

when the variation degree is high, the variation factornis 0;
when the variation degree is intermediate, the variation
factor nis 1; when the variation degree is low, the varia-
tion factor is 2.

9. The method of claim 1, wherein said real-time degree of

each respiratory cycle is calculated by:
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wherein 1 is the sequence number of the corresponding
respiratory cycle, n is the variation factor, sl is the
smoothed length and rt is the real-time degree;

when the variation degree is high, the variation factornis 0;
when the variation degree is intermediate, the variation
factor nis 1; when the variation degree is low, the varia-
tion factor is 2.

10. The method of claim 1, said respiratory rate is calcu-

lated by:

wherein rtav is the respiratory rate, i is the sequence num-
ber of the respiratory cycle, rt(i) is the real-time degree
of the i-th respiratory cycle, and rr(i) is the respiratory
rate of the i-th respiratory cycle.

11. Anapparatus for detecting respiratory rate, comprising:

a sampling module for sampling received respiratory
waveform data in a time sequence;

a respiratory cycle detection module for detecting respira-
tory cycles from the sampled respiratory waveform data;

avariation degree calculation module for calculating varia-
tion degree for the sampled respiratory waveform data;

a base length calculation module for calculating base
length base on the variation degree;

a smoothed length calculation module for calculating
smoothed length base on the base length;

a real-time degree calculation module for calculating real-
time degree of each respiratory cycle base on the varia-
tion degree, sequence number of each respiratory cycle,
and the smoothed length; and

a respiratory rate calculation module for calculating respi-
ratory rate base onthe smoothed length and the real-time
degree.

12. The apparatus of claim 11, wherein said respiratory

cycle detection module comprising:

a cycle saturation detection unit for judging whether each
respiratory cycle is saturated respectively;

apeak-valley detection unit for detecting peaks and valleys
from the sampled respiratory waveform data; and

arespiratory cycle calculation unit for calculating duration
of the respiratory cycle base on the time difference
between two adjacent peaks or valleys.

13. The apparatus of claim 12, wherein said respiratory

cycle detection module further comprising:

a cycle smoothing unit for smoothing the current respira-
tory cycle by the duration of the previous respiratory
cycle if duration difference between the current and
previous respiratory cycle is equal to or greater than a
difference threshold and the current respiratory cycle is
saturated.

14. The apparatus of claim 11, wherein said variation

degree calculation module comprising:

a variation coefficient calculation unit for calculating a set
of variation coefficients for the sampled respiratory
waveform data;

a counting unit for counting numbers Icnt and ment of
variation coefficients belonged to [0, Icv] and [0, mcv]
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respectively, wherein Icv is a smaller critical value, mcv
is an intermediate critical value, and O<lcv<mcv<2; and
ajudgment unit for judging whether

is greater than or equal to a first threshold: If'yes, the variation
degree is low; or further judge whether

is greater than or equal to the first threshold, if yes, the
variation degree is intermediate, or the variation degree is
high, wherein N is the number of the sampled respiratory
waveform data.

15. The apparatus of claim 11, wherein the value of the base
length is adopted as the bigger one from a reference cycles
number and a minimum empirical period number during a
predetermined time;

wherein the predetermined time is a first time period when

the variation degree is low, the predetermined time is a
second time period when the variation degree is inter-
mediate, the predetermined time is a third time period
when the variation degree is high, and the first time
period<the second time period<the third time period.

16. The apparatus of claim 15, wherein said reference
cycles number is the number of respiratory cycles calculated
base on the previous respiratory rate and the predetermined
time period.

17. The apparatus of claim 11, said smoothed length cal-
culation module calculates the smoothed length is calculated
by:

st st

Z I zthz*Zi”;

i=sl-bl+1 i=1
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wherein i is the sequence number indicating the position of
the respiratory cycle, n is the variation factor, th, is a
second threshold, bl is the base length, sl is the smoothed
length, and sl is the minimum integer satisfying the
equation;

when the variation degree is high, the variation factornis 0;
when the variation degree is intermediate, the variation
factor nis 1; when the variation degree is low, the varia-
tion factor is 2.

18. The apparatus of claim 11, wherein said real-time
degree calculation module calculates the real-time degree of
each respiratory cycle by:

wherein 1 is the sequence number of the corresponding
respiratory cycle, n is the variation factor, sl is the
smoothed length and rt is the real-time degree;

when the variation degree is high, the variation factornis 0;
when the variation degree is intermediate, the variation
factor nis 1; when the variation degree is low, the varia-
tion factor is 2.

19. The apparatus of claim 11, wherein said respiratory rate
calculation module calculates the smoothed respiratory rate

by:

sl

riay = Z rr(i) = re(i);

i=1

wherein rtav is the respiratory rate, i is the sequence num-
ber of the respiratory cycle, rt(i) is the real-time degree
of the i-th respiratory cycle, and rr(i) is the respiratory
rate of the i-th respiratory cycle.

I S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RBA

H AT SOk
S\EREERE

BEX)

ARFSRATRNFRRNTENEE. QNFRIFRETTERAE
&+ YR (R SRAS IRP R OB2 T2 203 M SRS B IR R 3R T 3 w4 U P T /)
T EREF R HENTCREREEFEETEERBEES
KEUHEVPEKE REZREE , SMNTRAPNFIISMPBERET
B8N HRAEABNXNEE HREFBRENIMNEETTEFRME,

AT RN R R 5 EM RS

US20140257125A1 N (E)H

US14/281764

RYBEREMETRFROBRLA

RYBEREYEST B FROBRLE.

YT EMETT B FREOBRAFE.

YAO ZUMING
LIU LIHAN
DENG YUN
YE JILUN

YAO, ZUMING
LIU, LIHAN
DENG, YUN
YE, JILUN

A61B5/00 A61B5/08
A61B5/0816 A61B5/7225
200610062356.3 2006-08-28 CN
US9636042

Espacenet USPTO

2014-09-11

2014-05-19

¥
variation coefficient
calculation unit

counting unit

variation degree
calculation module

judgment unit

patsnap

base length calculation

smoothed length
calculation madule

real-time degree
calculation module

r
respiratory rate
calculation module



https://share-analytics.zhihuiya.com/view/8f7d2c5e-ab39-4c9a-af1c-90a6768549ff
https://worldwide.espacenet.com/patent/search/family/051488659/publication/US2014257125A1?q=US2014257125A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140257125%22.PGNR.&OS=DN/20140257125&RS=DN/20140257125

