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receiving an abdominal breathing signal ~—A

Y
executing an empirical mode decomposition process on
the abdominal breathing signal, for computing a plurality |~—B
of intrinsic mode functions

Y
basing on the plurality of intrinsic mode functions and the
results obtained after the execution of a Hilbert transform on
the plurality of intrinsic mode functions, computing a Euler ~_(
angle function of each of the plurality of intrinsic mode
functions

Y
taking the partial derivative of the Euler angle function of
each of the plurality of intrinsic mode functions, with
respect to time, for computing an instantaneous frequency
function of each of the plurality of intrinsic mode functions,
and extracting a plurality of maximum values of each of the
plurality of instantaneous frequency functions

'

according to a pre-determined sequence, comparing the
plurality of maximum values of each of the plurality of
instantaneous frequency functions with a zero-point
threshold region, respectively, and when a result that all of
the plurality of maximum values of one of the plurality of |~—E
instantaneous frequency functions falling into the zero-point
threshold region is obtained, the instantaneous frequency
function having the plurality of maximum values is defined
as an abdominal breathing feature function

FIG. 1
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sensing module

piezoelectric unit

T~ 811

analog-to-digital converting unit

1~ 812

computing module

abdominal breathing output module

wireless transmission unit

T~ 831

FIG. 8
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receiving an abdominal breathing signal ~—A

'

executing an empirical mode decomposition process on
the abdominal breathing signal, for computing a plurality ~—B
of intrinsic mode functions

:

basing on the plurality of intrinsic mode functions and the
results obtained after the execution of a Hilbert transform on
the plurality of intrinsic mode functions, computing a Euler }~—C
angle function of each of the plurality of intrinsic mode
functions

Y

taking the partial derivative of the Euler angle function of
each of the plurality of intrinsic mode functions, with
respect to time, for computing an instantaneous frequency
function of each of the plurality of intrinsic mode functions,
and extracting a plurality of maximum values of each of the
plurality of instantaneous frequency functions

!

according to a pre-determined sequence, comparing the
plurality of maximum values of each of the plurality of
instantaneous frequency functions with a zero-point
threshold region, respectively, and when a result that all of
the plurality of maximum values of one of the plurality of [~E
instantaneous frequency functions falling into the zero-point
threshold region is obtained, the instantaneous frequency
function having the plurality of maximum values is defined
as an abdominal breathing feature function

FIG. 9
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METHOD FOR EXTRACTING THE FEATURE
OF AN ABDOMINAL BREATHING AND A
SYSTEM USING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method for
extracting the feature of an abdominal breathing and an
abdominal breathing feature extracting system, more particu-
larly, to the method for extracting the feature of an abdominal
breathing and the abdominal breathing feature extracting sys-
tem capable of extracting the feature of an abdominal breath-
ing, without the requirement of a standard model of an
abdominal breathing and the execution of a learning process,
which is executed prior to the method for extracting the fea-
ture of an abdominal breathing, letting the person to learn how
to execute a standard abdominal breathing.

[0003] 2. Description of Related Art

[0004] In recent years, abdominal breathing plays an
important role in rehabilitation and stress-released procedure.
However, a person who needs to execute an abdominal
breathing, such as a patient going to have a heart surgery, must
be trained for a period of time by a teacher, such as a doctor,
or a nurse. Besides, the results of the training, such as the
correctness of the execution of the abdominal breathing, is
not yet able to evaluated efficiently, as a standard model of an
abdominal breathing is still required for the person to learn
with. Moreover, the standard model is not necessarily suitable
for full spectrum of people, such as from a children to an
elderly.

[0005] As mentioned above, a learning process must be
executed, for the person to learn with the standard model,
which will cost a lot of time, and a certain level of cost. And
most important of all, the person must be the same place with
the teacher teaching the abdominal breathing, raising a lot of
difficulty for the person in transportation, especially for the
elderly.

[0006] As aresult, a method for extracting the feature of an
abdominal breathing and an abdominal breathing feature
extracting system capable of extracting the feature of an
abdominal breathing, without the requirement of a standard
model of an abdominal breathing and the execution of a
learning process, which is executed prior to the method for
extracting the feature of an abdominal breathing, letting the
person to learn how to execute a standard abdominal breath-
ing.

SUMMARY OF THE INVENTION

[0007] Itis one object of the present invention is to provide
amethod for extracting the feature of an abdominal breathing,
capable of extracting the feature of an abdominal breathing,
without the requirement of a standard model of an abdominal
breathing and the execution of a learning process being
executed prior to the method for extracting the feature of an
abdominal breathing.

[0008] It is another object of the present invention is to
provide an abdominal breathing feature extracting system,
capable of extracting the feature of an abdominal breathing,
without the requirement of a standard model of an abdominal
breathing and the execution of a learning process being
executed prior to the method for extracting the feature of an
abdominal breathing.
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[0009] To achieve the object, the method for extracting the
feature of an abdominal breathing of the present invention
comprises the following steps of: receiving an abdominal
breathing signal; executing an empirical mode decomposi-
tion process on the abdominal breathing signal, for comput-
ing a plurality of intrinsic mode functions; basing on the
plurality of intrinsic mode functions and the results obtained
after the execution of a Hilbert transform on the plurality of
intrinsic mode functions, computing an Euler angle function
of each of the plurality of intrinsic mode functions; taking the
partial derivative of the Euler angle function of each of the
plurality of intrinsic mode functions, with respect to time, for
computing an instantaneous frequency function of each of the
plurality of intrinsic mode functions, and extracting a plural-
ity of maximum values of each of the plurality of instanta-
neous frequency functions; and according to a pre-deter-
mined sequence, comparing the plurality of maximum values
of each of the plurality of instantaneous frequency functions
with a zero-point threshold region, respectively, and when a
result that all of the plurality of maximum values of one of the
plurality of instantaneous frequency functions falling into the
zero-point threshold region is obtained, the instantaneous
frequency function having the plurality of maximum values is
defined as an abdominal breathing feature function.

[0010] To achieve the object, the abdominal breathing fea-
ture extracting system of the present invention comprises: a
sensing module, for sensing an abdominal breathing signal; a
computing module, coupled with the sensing module, for
extracting an abdominal breathing feature function; and an
abdominal breathing feature output module, coupled with the
computing module, for outputting the abdominal breathing
feature function; wherein, the computing module extracts the
abdominal breathing feature function from the abdominal
breathing signal by means of executing an abdominal breath-
ing feature extracting method, and the abdominal breathing
feature extracting method comprises the following steps of:
receiving the abdominal breathing signal, executing an
empirical mode decomposition process on the abdominal
breathing signal, for computing a plurality of intrinsic mode
functions; basing on the plurality of intrinsic mode functions
and the results obtained after the execution of a Hilbert trans-
form on the plurality of intrinsic mode functions, computing
an Euler angle function of each of the plurality of intrinsic
mode functions; taking the partial derivative of the Fuler
angle function of each of the plurality of intrinsic mode func-
tions, with respect to time, for computing an instantaneous
frequency function of each of the plurality of intrinsic mode
functions, and extracting a plurality of maximum values of
each of the plurality of instantaneous frequency functions;
and according to a pre-determined sequence, comparing the
plurality of maximum values of each of the plurality of instan-
taneous frequency functions with a zero-point threshold
region, respectively, and when a result that all of the plurality
of maximum values of one of the plurality of instantaneous
frequency functions falling into the zero-point threshold
region is obtained, the instantaneous frequency function hav-
ing the plurality of maximum values is defined as the abdomi-
nal breathing feature function.

[0011] Since the method for extracting the feature of an
abdominal breathing can compute a plurality of intrinsic
mode functions corresponding to an abdominal breathing
signal received, and then compute an Euler angle function of
each of the plurality of intrinsic mode functions. Later, an
instantaneous frequency function of each of the plurality of
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intrinsic mode functions can be compute by taking the partial
derivative of the Euler angle function of each of the plurality
of intrinsic mode functions, with respect to time. Then, a
plurality of maximum values of each of the plurality of instan-
taneous frequency functions can be extracted and compared
with a zero-point threshold region. At final, with respect to the
result of the comparison, an abdominal breathing feature
function corresponding to the abdominal breathing signal
received can be defined. Therefore, the method for extracting
the feature of an abdominal breathing of the present invention
is capable of extracting the feature of an abdominal breathing
directly from the abdominal breathing signal received, with-
out the requirement of a standard model of an abdominal
breathing and the execution of a learning process being
executed prior to the method for extracting the feature of an
abdominal breathing.

[0012] In addition, by including an computing module
executing the method for extracting the feature of an abdomi-
nal breathing, a sensing module used for receiving the
abdominal breathing signal, and an abdominal breathing fea-
ture output module used for outputting the abdominal breath-
ing feature function, the abdominal breathing feature extract-
ing system of the present invention is capable of extracting the
feature of an abdominal breathing, without the requirement of
astandard model ofan abdominal breathing and the execution
of a learning process being executed prior to the method for
extracting the feature of an abdominal breathing.

[0013] Other objects, advantages, and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.1is aflowchart of the method for extracting the
feature of an abdominal breathing according to first embodi-
ment of the present invention.

[0015] FIG. 2 is perspective view of an abdominal breath-
ing feature extracting systemn.

[0016] FIG. 3A displays the thoracic breathing signals
acquired by abelt located on the chest of the person executing
the thoracic breathing.

[0017] FIG. 3B displays one of the plurality of intrinsic
mode functions corresponding to the thoracic breathing sig-
nals displayed in FIG. 3A.

[0018] FIG. 4A displays the abdominal breathing signals
acquired by a belt located on the abdominal of the person
executing the thoracic breathing.

[0019] FIG. 4B displays one of the plurality of intrinsic
mode functions corresponding to the abdominal breathing
signals displayed in FIG. 4A.

[0020] FIG. 5A displays the thoracic breathing signals
acquired by abelt located on the chest of the person executing
the abdominal breathing FIG. 5B displays one of the plurality
of intrinsic mode functions corresponding to the thoracic
breathing signals displayed in FIG. 5A.

[0021] FIG. 6A displays the abdominal breathing signals
acquired by a belt located on the abdominal of the person
executing the abdominal breathing.

[0022] FIG. 6B displays one of the plurality of intrinsic
mode functions corresponding to the abdominal breathing
signals displayed in FIG. 6A.
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[0023] FIG. 7A to FIG. 7E display 5 instantaneous fre-
quency functions, of 5 of the plurality of intrinsic mode func-
tions corresponding to the abdominal breathing signals dis-
played in FIG. 6A.

[0024] FIG. 8 is a perspective view of the abdominal
breathing feature extracting system according to second
embodiment of the present invention.

[0025] FIG.9is a flowchart of the method for extracting the
feature of an abdominal breathing executed by the computing
module of the abdominal breathing feature extracting system
according to second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] As shown in FIG. 1, which is a flowchart of the
method for extracting the feature of an abdominal breathing
according to first embodiment of the present invention, the
method for extracting the feature of an abdominal breathing
comprises the following steps of:

[0027] (A) receiving an abdominal breathing signal;
[0028] (B) executing an empirical mode decomposition
process on the abdominal breathing signal, for computing a
plurality of intrinsic mode functions;

[0029] (C) basing on the plurality of intrinsic mode func-
tions and the results obtained after the execution of a Hilbert
transform on the plurality of intrinsic mode functions, com-
puting an Euler angle function of each of the plurality of
intrinsic mode functions;

[0030] (D) taking the partial derivative of the Euler angle
function of each of the plurality of intrinsic mode functions,
with respect to time, for computing an instantaneous fre-
quency function of each of the plurality of intrinsic mode
functions, and extracting a plurality of maximum values of
each of the plurality of instantaneous frequency functions;
and

[0031] (E) according to a pre-determined sequence, com-
paring the plurality of maximum values of each of the plural-
ity of instantaneous frequency functions with a zero-point
threshold region, respectively, and when a result that all of the
plurality of maximum values of one of the plurality of instan-
taneous frequency functions falling into the zero-point
threshold region is obtained, the instantaneous frequency
function having the plurality of maximum values is defined as
an abdominal breathing feature function.

[0032] Inthe following, the operation of each of the above
steps of the method for extracting the feature of an abdominal
breathing will be described in detail, in accompanied with
figures.

[0033] Pleaserefer to FIG. 2, which is a perspective view of
an abdominal breathing feature extracting system. A person,
whose abdominal breathing features are going to be
extracted, wears two belts 21, 22, around his/her chest and
abdominal, respectively. Then, the person executes abdomi-
nal breathing and/or thoracic breathing on his/her will, until
be further instructed.

[0034] Inthe period oftime when the method for extracting
the feature of an abdominal breathing is executed, both of the
displacement of the chest and the displacement of the
abdominal of the person are acquired by the two belts 21, 22,
respectively and simultaneously. The two belts 21,22 convert
the displacements into corresponding electronic signals, by
means of using a PZT element. Once the electronic signals are
obtained, which will be called as the abdominal breathing
signals, are transmitted to a computer and/or portable devices



US 2014/0142453 Al

23, through any kind of possible signal transmission means,
such as wire connection, for example, cables, or wireless
connection. The computer and/or portable devices 23 store a
program corresponding to the method for extracting the fea-
ture of an abdominal breathing according to first embodiment
of the present invention, in the storage unit thereof.

[0035] Once the computer and/or portable devices 23 of the
abdominal breathing feature extracting system receives the
abdominal breathing signals, which is the step (A) of the
method for extracting the feature of an abdominal breathing
according to first embodiment of the present invention, the
step (B) will be executed immediately. As shown in FIG. 1, in
the step (B), an empirical mode decomposition process is
executed on the acquired abdominal breathing signals, for
computing a plurality of intrinsic mode functions of each of
the abdominal breathing signals.

[0036] In the present embodiment, there are 2 breathing
signals being acquired by the two belts 21, 22, while the
person executing either of the thoracic breathing and the
abdominal breathing. Then, all of these breathing signals are
processed with the empirical mode decomposition process,
which is shorten as the EMD process, for computing a plu-
rality of intrinsic mode functions corresponding to each of
these breathing signals, in the present embodiment, 2 of them.
[0037] Forexample, as shown in FIG. 2, once the breathing
signals acquired by the belt 21 having been received by the
computer and/or portable devices 23, the computer and/or
portable devices 23 execute the EMD process on the breath-
ing signals, such as the one displayed in FIG. 3A, in order to
obtain a plurality of intrinsic mode functions, so-called IMFs,
corresponding to the thoracic breathing signals. In the case
shown in FIG. 3A, there are 16 IMFs obtained, or “decom-
posed” from the thoracic breathing signals displayed in FIG.
3A.

[0038] After all of the IMFs corresponding to the thoracic
breathing signals displayed in FIG. 3A is obtained, only the
117 of these IMFs is displayed in FIG. 3B, as an example. It
should be noticed that, the selection of which of these IMFs to
be displayed in F1G. 3B is arbitrary, and the selection of these
IMFs should not limit the scope of the present invention.
[0039] In the following 8 figures, i.e. through FIG. 3A to
FIG. 6B, the 4 breathing signals and the 4 IMFs obtained after
the execution of the EMD process and the selection are
respectively displayed. As described above, the thoracic
breathing signals acquired by the belt 21 located on the chest
of the person executing the thoracic breathing is displayed in
FIG. 3A. The IMF obtained after the execution of the EMD
process on the breathing signals displayed in FIG. 3A and the
selection is displayed in FIG. 3B.

[0040] In same manner, the abdominal breathing signals
acquired by the belt 22 located on the abdominal of the person
executing the thoracic breathing is displayed in FIG. 4A,
while the IMF obtained after the execution of the EMD pro-
cess on the breathing signals displayed in FIG. 4A and the
selection is displayed in FIG. 4B. Besides, the thoracic
breathing signals acquired by the belt 21 located on the chest
of the person executing the abdominal breathing is displayed
in F1G. 5A, while the IMF obtained after the execution of the
EMD process on the breathing signals displayed in FIG. 5A
and the selection is displayed in FIG. 5B.

[0041] In addition, the abdominal breathing signals
extracted by the belt 22 located on the abdominal of the
person executing the abdominal breathing is displayed in
FIG. 6A, while the IMF obtained after the execution of the
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EMD process on the breathing signals displayed in FIG. 6A
and the selection is displayed in FIG. 6B.

[0042] Since the execution of the EMD process on a signal,
such as the breathing signal of the present invention, is well-
known in the field, for example, the non-linear and non-
stationary data processing field, detailed description regard-
ing the execution of the EMD process will be omitted
hereinafter.

[0043] After the plurality of IMFs of an abdominal breath-
ing signal, such as the one displayed in FIG. 6A, being
obtained, the step (C) of the method for extracting the feature
of an abdominal breathing according to first embodiment of
the present invention is executed. In the present embodiment,
there are 16 IMFs corresponding to the abdominal breathing
signals displayed in FIG. 6A. However, the number of the
plurality of IMFss is not limited, there could be 1 to 16 IMFs
corresponding to the abdominal breathing signals, depending
on the characteristic of the IMFs. In addition, each of the
plurality of IMFs has a characteristic frequency. and the val-
ues of the characteristic frequency of different IMFs are dif-
ferent from each other.

[0044] As shown in FIG. 1, in the step (C), an Euler angle
function of each of the plurality of IMFs is computed basing
on the plurality of IMFs and the results obtained after the
execution of a Hilbert transform on the plurality of IMFs. In
the present embodiment, since there are 16 IMFs, 16 results
will be obtained after the execution of a Hilbert transform on
these 16 IMFs, respectively. Therefore, 16 Euler angle func-
tions will be obtained after the execution of the step (C).

[0045] Since the execution of the Hilbert transform on a
function is well-known in the field, such as the signal pro-
cessing field, detailed description regarding the execution of
the Hilbert transform will be omitted hereinafter.

[0046] After executing the Hilbert transform onall ofthe 16
IMFs, 16 Euler angle functions will be obtained. In the
present embodiment, the Fuler angle function is a function
describing the functional relation between the FEuler angle
and time in an Buler formula. The Euler formula can be
represented as:

re®=r(cos 04/ sin 0) Formula (1)
[0047] where, r represents the magnitude, and 0 represents
the Euler angle.

[0048] Therefore, since the Euler angle function is com-
puted basing on an intrinsic mode function and the result
obtained after the execution of a Hilbert transform on the
IMFs, the Euler angle functions can be represented as:

7,€/%=IMFs +/H(IMFs,) Formula (2)
[0049] where, r, represents the magnitude of a” intrinsic
mode function, 0, represents the Euler angle of a™ intrinsic
mode function, and H represents the Hilbert transform.

[0050] As described above, 16 Euler angle functions are
obtained after the execution of the step (C). Then, in the step
(D) of the method for extracting the feature of an abdominal
breathing according to first embodiment of the present inven-
tion, an instantaneous frequency function of each of the plu-
rality of intrinsic mode function is computed, by taking the
partial derivative of the Euler angle function of each of the
plurality of intrinsic mode functions, with respect to time. The
instantaneous frequency functions can be represented as:
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de, Formula (3)

[0051] where, w, represents the instantaneous frequency
functions of a™ intrinsic mode function, and 0, represents the
Euler angle of a” intrinsic mode function.

[0052] As described above, since there are 16 IMF's corre-
sponding to the breathing signals acquired by the belt 22
located on the abdominal of the person executing the abdomi-
nal breathing is displayed in FIG. 6A, 16 instantaneous fre-
quency functions will be obtained after taking the partial
derivative of the 16 Euler angle functions, with respect to
time. Please refer to FIG. 7A to FIG. 7E, § of the 16 instan-
taneous frequency functions are displayed. It should be
noticed that, the selection of these 5 instantaneous frequency
functions to be displayed in these 5 figures is arbitrary, and the
selection of these instantaneous frequency functions should
not limit the scope of the present invention.

[0053]  After all of these instantaneous frequency functions
have been obtained, a plurality of maximum values of each of
these instantaneous frequency functions, in the present
embodiment, 16 of them, is extracted. Besides, as can be seen
in these 5 figures, the plurality of maximum values of each of
these 5 instantaneous frequency functions is local maximum
values.

[0054] At last, in the step (E) of the method for extracting
the feature of an abdominal breathing according to first
embodiment of the present invention, the plurality of maxi-
mum values of each of the plurality of instantaneous fre-
quency functions is compared with a zero-point threshold
region, respectively, according to a pre-determined sequence.
Besides, in the present embodiment, the pre-determined
sequence is a sequence staring from the IMFs having a higher
characteristic frequency value thereof, and terminating with
the IMFs having a lower characteristic frequency value. In
other words, the plurality of instantaneous frequency func-
tions is sequenced, according to the characteristic frequency
value of the IMFs corresponding thereto.

[0055]  As aresult, in the present embodiment, the plurality
of maximum values of the instantaneous frequency function,
corresponding to the IMFs having a highest characteristic
frequency value, is compared with a zero-point threshold
region first, i.e. the instantaneous frequency function dis-
played in FIG. 7A.

[0056] As shown in FIG. 7A, the zero-point threshold
region 71 is a region where the value of the instantaneous
frequency function is between -0.5and 0.5. Inaddition, as the
zero-point threshold region 71 is between —0.5 and 0.5, the
zero-point threshold region 71 is also called as the zero-point
threshold +0.5 region. As clearly shown in FIG. 7A, most of
the plurality of maximum values of the instantaneous fre-
quency function is higher than the top-limit of the zero-point
threshold region 71. That is, the result that all of the plurality
of maximum values of the instantaneous frequency function
falling into the zero-point threshold region cannot be
obtained.

[0057] Then, turning to the next instantaneous frequency
function in the pre-determined sequence, such as the one
displayed in FIG. 7B. As clearly shown in the figure, some of
the plurality of maximum values of the instantaneous fre-
quency function is higher than the top-limit of the zero-point
threshold region 71. That is, the result that all of the plurality
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of maximum values of the instantaneous frequency function
falling into the zero-point threshold region cannot be
obtained.

[0058] Next, in the same manner, turn to the next instanta-
neous frequency function in the pre-determined sequence,
such as the one displayed in FIG. 7C. As clearly shown in the
figure, the highest one of the plurality of maximum values of
the instantaneous frequency function, i.e. the global maxi-
mum value, is higher than the top-limit of the zero-point
threshold region 71. That is, the result that all of the plurality
of maximum values of the instantaneous frequency function
falling into the zero-point threshold region cannot be
obtained.

[0059] Next, in the same manner, turn to the next instanta-
neous frequency function in the pre-determined sequence,
such as the one displayed in FIG. 7D. As clearly shown in the
figure, the highest one of the plurality of maximum values of
the instantaneous frequency function, i.e. the global maxi-
mum value raised around 93 seconds, is higher than the top-
limit of the zero-point threshold region 71. That is, the result
that all of the plurality of maximum values of the instanta-
neous frequency function falling into the zero-point threshold
region cannot be obtained.

[0060] However, in the next instantaneous frequency func-
tion in the pre-determined sequence, such as the one dis-
played in FIG. 7E, the highest one of the plurality of maxi-
mum values of the instantaneous frequency function is lower
than the top-limit of the zero-point threshold region 71, and
the lowest of the plurality of maximum values of the instan-
taneous frequency function is higher than the bottom-limit of
the zero-point threshold region 71. That is, the result that all
of the plurality of maximum values of the instantaneous fre-
quency function falling into the zero-point threshold region is
obtained.

[0061] Atthistime, i.e. when a result that all of the plurality
of maximum values of one of the plurality of instantaneous
frequency functions falling into the zero-point threshold
region is obtained, the instantaneous frequency function hav-
ing the plurality of maximum values is defined as an abdomi-
nal breathing feature function. In this embodiment, the
instantaneous frequency function displayed in FIG. 7E is
defined as an abdominal breathing feature function, corre-
sponding to the abdominal breathing signals displayed in
FIG. 6 A. Moreover, in the present embodiment, the distribu-
tion of the plurality of minimum values of the abdominal
breathing feature function in the time dimension is the fre-
quency of the abdominal breathing.

[0062] It should be noticed that, by executing the method
for extracting the feature of an abdominal breathing accord-
ing to first embodiment of the present invention, all of the
abdominal breathing feature functions corresponding to other
abdominal breathing signals can be respectively obtained,
suich as the abdominal breathing signal displayed in FIG. 5A,
the abdominal breathing signal displayed in FIG. 6A.

[0063] Pleasereferto FIG. 8, which is a perspective view of
the abdominal breathing feature extracting system according
to second embodiment of the present invention. As shown in
the figure, the abdominal breathing feature extracting system
according to second embodiment of the present invention
comprises: a sensing module 81, a computing module 82
coupled with the sensing module 81, and an abdominal
breathing feature output module 83 coupled with the comput-
ing module 82. Wherein, the sensing module 81 is used for
sensing an abdominal breathing signal, while the computing
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module 82 is used for extracting an abdominal breathing
feature function. In addition, the abdominal breathing feature
output module 83 is used for outputting the abdominal breath-
ing feature function.

[0064] In addition, the computing module 82 extracts the
abdominal breathing feature function from the abdominal
breathing signal, by means of executing an abdominal breath-
ing feature extracting method. As shown in FIG. 9, the
abdominal breathing feature extracting method comprises the
following steps of:

[0065] (A) receiving the abdominal breathing signal,
[0066] (B) executing an empirical mode decomposition
process on the abdominal breathing signal, for computing a
plurality of intrinsic mode functions;

[0067] (C) basing on the plurality of intrinsic mode func-
tions and the results obtained after the execution of a Hilbert
transform on the plurality of intrinsic mode functions, com-
puting an Euler angle function of each of the plurality of
intrinsic mode functions;

[0068] (D) taking the partial derivative of the Euler angle
function of each of the plurality of intrinsic mode functions,
with respect to time, for computing an instantaneous fre-
quency function of each of the plurality of intrinsic mode
functions, and extracting a plurality of maximum values of
each of the plurality of instantaneous frequency functions;
and

[0069] (E) according to a pre-determined sequence, com-
paring the plurality of maximum values of each of the plural-
ity of instantaneous frequency functions with a zero-point
threshold region, respectively, and when a result that all of the
plurality of maximum values of one of the plurality of instan-
taneous frequency functions falling into the zero-point
threshold region is obtained, the instantaneous frequency
function having the plurality of maximum values is defined as
the abdominal breathing feature function.

[0070] In the present embodiment, the sensing module 81
of the abdominal breathing feature extracting system accord-
ing to second embodiment of the present invention is inte-
grated to a belt. For example, a belt for a person to wear on
his/her body, preferably around the abdominal. In addition, as
shown in FIG. 8, the sensing modules 81 includes a piezo-
electric unit 811 for extracting the displacement of the per-
son’s body, and an analog-to-digital converting unit 812 elec-
trically connected with the piezoelectric unit, in order to
convert the analog signal output from the piezoelectric unit
into a corresponding digital signal. Besides, for minimizing
the size and weight of the sensing module, the sensing module
is a system on chip (SoC).

[0071] In addition, as shown in FIG. 8, the abdominal
breathing feature output module 83 includes a wireless trans-
mission unit 831, for outputting the abdominal breathing
feature function to a remote server (not shown in the figure)
through a wireless connection, such as the 3G or the WiFi
technology.

[0072] Since the abdominal breathing feature extracting
method executed by the computing module 82 of the abdomi-
nal breathing feature extracting system according to second
embodiment of the present invention is the same abdominal
breathing feature extracting method described in the first
embodiment of the present invention, detailed description
regarding the operation of the abdominal breathing feature
extracting method is omitted hereinafter, for simplify the
description of the present embodiment.
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[0073] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A method for extracting the feature of an abdominal
breathing, comprising the following steps of:

receiving an abdominal breathing signal;

executing an empirical mode decomposition process on the

abdominal breathing signal, for computing a plurality of
intrinsic mode functions;

basing on the plurality of intrinsic mode functions and the

results obtained after the execution of a Hilbert trans-
form on the plurality of intrinsic mode functions, com-
puting an Euler angle function of each of the plurality of
intrinsic mode functions;

taking the partial derivative of the Euler angle function of

each of the plurality of intrinsic mode functions, with
respect to time, for computing an instantaneous fre-
quency function of each of the plurality of intrinsic mode
functions, and extracting a plurality of maximum values
of each of the plurality of instantaneous frequency func-
tions; and

according to a pre-determined sequence, comparing the

plurality of maximum values of each of the plurality of
instantaneous frequency functions with a zero-point
threshold region, respectively, and when a result that all
of the plurality of maximum values of one of the plural-
ity of instantaneous frequency functions falling into the
zero-point threshold region is obtained, the instanta-
neous frequency function having the plurality of maxi-
mum values is defined as an abdominal breathing feature
function.

2. The method as claimed in claim 1, wherein the Euler
angle function is a function describing the functional relation
between the Euler angle and time in an Euler formula, and the
Euler formula is represented as:

re®=r(cos 047 sin 0)

where, r represents the magnitude, and 6 represents the
Euler angle.

3. The method as claimed in claim 1, wherein the plurality
of maximum values of each of the plurality of instantaneous
frequency functions is local maximum values.

4. The method as claimed in claim 1, wherein the number
of the plurality of intrinsic mode functions is between 1 and
16, and each of the plurality of intrinsic mode functions has a
characteristic frequency, and the values of the characteristic
frequency of different intrinsic mode functions are different
from each other.

5. The method as claimed in claim 4, wherein the pre-
determined sequence is a sequence staring from the intrinsic
mode function having a higher characteristic frequency value
thereof, and terminating with the intrinsic mode function
having a lower characteristic frequency value.

6. The method as claimed in claim 1, wherein the zero-
point threshold region is a region where the value of the
instantaneous frequency function is between -0.5 and 0.5.

7. The method as claimed in claim 1, wherein the distribu-
tion of the plurality of minimum values of the abdominal
breathing feature function in the time dimension is the fre-
quency of the abdominal breathing.
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8. An abdominal breathing feature extracting system, com-
prising:

a sensing module, for sensing an abdominal breathing sig-
nal;

a computing module, coupled with the sensing module, for
extracting an abdominal breathing feature function; and

an abdominal breathing feature output module, coupled
with the computing module, for outputting the abdomi-
nal breathing feature function;

wherein, the computing module extracts the abdominal
breathing feature function from the abdominal breathing
signal by means of executing an abdominal breathing
feature extracting method, and the abdominal breathing
feature extracting method comprises the following steps
of:

receiving the abdominal breathing signal,

executing an empirical mode decomposition process on the
abdominal breathing signal, for computing a plurality of
intrinsic mode functions;

basing on the plurality of intrinsic mode functions and the
results obtained after the execution of a Hilbert trans-
form on the plurality of intrinsic mode functions, com-
puting an Euler angle function of each of the plurality of
intrinsic mode functions;

taking the partial derivative of the Euler angle function of
each of the plurality of intrinsic mode functions, with
respect to time, for computing an instantaneous fre-
quency function of each of the plurality of intrinsic mode
functions, and extracting a plurality of maximum values
of each of the plurality of instantaneous frequency func-
tions; and

according to a pre-determined sequence, comparing the
plurality of maximum values of each of the plurality of
instantaneous frequency functions with a zero-point
threshold region, respectively, and when a result that all
of the plurality of maximum values of one of the plural-
ity of instantaneous frequency functions falling into the
zero-point threshold region is obtained, the instanta-
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neous frequency function having the plurality of maxi-
mum values is defined as the abdominal breathing fea-
ture function.

9. The system as claimed in claim 8, wherein the sensing
module is integrated to a belt, and the sensing module
includes a piezoelectric unit and an analog-to-digital convert-
ing unit.

10. The system as claimed in claim 8, wherein the sensing
module is a system on chip.

11. The system as claimed in claim 8, wherein the abdomi-
nal breathing feature output module includes a wireless trans-
mission unit.

12. The system as claimed in claim 8, wherein the Euler
angle function is a function describing the functional relation
between the Euler angle and time in an Euler formula, and the
Euler formula is represented as:

re’®=r(cos 0+ sin 0)

where, r represents the magnitude, and 0 represents the
Euler angle.

13. The system as claimed in claim 8, wherein the number
of the plurality of intrinsic mode functions is between 1 and
16, and each of the plurality of intrinsic mode functions has a
characteristic frequency, and the values of the characteristic
frequency of different intrinsic mode functions are different
from each other.

14. The system as claimed in claim 8, wherein the pre-
determined sequence is a sequence staring from the intrinsic
mode function having a higher characteristic frequency value
thereof, and terminating with the intrinsic mode function
having a lower characteristic frequency value.

15. The system as claimed in claim 8, wherein the zero-
point threshold region is a region where the value of the
instantaneous frequency function is between -0.5 and 0.5.

16. The system as claimed in claim 8, wherein the distri-
bution of the plurality of minimum values of the abdominal
breathing feature function in the time dimension is the fre-
quency of the abdominal breathing.
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