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METHOD AND SYSTEM FOR SIGNAL
ANALYZING AND PROCESSING MODULE

BACKGROUND
[0001] 1. Technical Field
[0002] The invention generally relates to a method and a

system for signal analyzing and a processing module of the
system, and more particularly, to a method and a system for
signal analyzing and a processing module of the system
which can filter noise components according to multiple input
signals.

[0003] 2. Description of Related Art

[0004] With the development of biomedical engineering,
doctors can make convincing diagnoses according to all sorts
of medical reports produced by biomedical inspection instru-
ments. Forexample, the instruments may obtain a physiologi-
cal signal, such as an electrocardiogram (ECG) signal,
through electrodes directly attached to a patient’s chest, arm,
orleg. Then, the amplitude of the physiological signals can be
measured and transmitted to other circuitry for processing.
[0005] Typically, the amplitude the ECG signal transmitted
from electrodes is usually measured around millivolts, so that
noise components within the ECG signal may play a signifi-
cant role in affecting the actual waveform of the ECG signal.
Thus, it is meaningless to analyze the ECG signal with the
presence of noise components in the ECG waveforms. In
order to reduce the noise components within the ECG signal,
high pass filters or band pass filters are generally used to
reduce the noise components caused by external factors, such
as power-line interference, ambient electromagnetic activity
or movements of electrodes. Practically, reducing the noise
components of the ECG signal which is caused by physi-
ological processes within the patient is a critical issue nowa-
days, and it is worthy to develop a signal analyzing system
and a signal analyzing method which can filter out the noise
components.

SUMMARY

[0006] According to an embodiment of the invention, a
signal analyzing method including the following steps is dis-
closed. First, a body electrical signal is generated according
to at least one of a plurality of first input signals and at least
oneofa plurality of second input signals. Then, a first filtered
signal corresponding to the plurality of first input signals is
generated. And, a second filtered signal corresponding to the
plurality of second input signals is also generated. Further, a
lead signal is generated according to the body electrical sig-
nal, the first filtered signal and the second filtered signal. To be
noted, the plurality of first input signals are transmitted from
aplurality of first electrodes of a first electrode group, and the
second input signals are transmitted from a plurality of sec-
ond electrodes of a second electrode group.

[0007] According to another embodiment of the invention,
a signal analyzing system is disclosed. The signal analyzing
system includes a first electrode group having a plurality of
first electrodes, a second electrode group having a plurality of
second electrodes, and a processing module. The plurality of
first electrodes is configured to transmit a plurality of first
input signals. The plurality of second electrodes is configured
to transmit a plurality of second input signals. The processing
module includes a first calculating unit, a second calculating
unit, a third calculating unit and a fourth calculating unit. The
first calculating unit is coupled to the first electrode group and
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the second electrode group for receiving at least one of the
plurality of first input signals and at least one of the plurality
of second input signals. The first calculating unit is config-
ured to generate a body electrical signal according to at least
one of the first input signals and at least one of the second
input signals. The second calculating unit is coupled to the
first electrode group for receiving the plurality of first input
signals, and is configured to generate a first filtered signal by
filtering a first difference signal corresponding to the plurality
of first input signals. The third calculating unit is coupled to
the second electrode group for receiving the plurality of sec-
ond input signals, and is configured to generate a second
filtered signal by filtering a second difference signal corre-
sponding to the plurality of second input signals. The fourth
calculating unit is coupled to the first calculating unit, the
second calculating unit and the third calculating unit for
receiving the body electrical signal, the first filtered signal
and the second filtered signal, and is configured to generate a
lead signal according to the body electrical signal, the first
filtered signal and the second filtered signal.

[0008] According to the other embodiment of the inven-
tion, a processing module is disclosed and configured to
generate a lead signal according to a plurality of first input
signals transmitted from a plurality of first electrodes, and
according to a plurality of second input signals transmitted
from a plurality of second electrodes. The processing module
includes a first calculating unit, a second calculating unit, a
third calculating unit, and a fourth calculating unit. The first
calculating unit is coupled to the first electrode group and the
second electrode group for receiving at least one of the plu-
rality of first input signals and at least one of the plurality of
second input signals. The first calculating unit is configured to
generate a body electrical signal according to at least one of
the first input signals and at least one of the second input
signals. The second calculating unit is coupled to the first
electrode group for receiving the plurality of first input sig-
nals, and is configured to generate a first filtered signal by
filtering a first difference signal corresponding to the plurality
of first input signals. The third calculating unit is coupled to
the second electrode group for receiving the plurality of sec-
ond input signals, and is configured to generate a second
filtered signal by filtering a second difference signal corre-
sponding to the plurality of second input signals. The fourth
calculating unit is coupled to the first calculating unit, the
second calculating unit and the third calculating unit for
receiving the body electrical signal, the first filtered signal
and the second filtered signal, and is configured to generate a
lead signal according to the body electrical signal, the first
filtered signal and the second filtered signal.

[0009] 1In order to further the understanding regarding the
invention, the following embodiments are provided along
with illustrations to facilitate the disclosure of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a schematic diagram of a signal ana-
lyzing system according to an embodiment of the invention;

[0011] FIG. 2 shows a schematic diagram of a first elec-
trode group and a second electrode group of FIG. 1 according
to an embodiment of the invention;

[0012] FIG. 3 shows a circuit diagram of a processing mod-
ule of the signal analyzing system according to an embodi-
ment of the invention;
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[0013] FIG. 4 shows a circuit diagram of a portion of a
second calculating unit of the processing module of FIG. 3
according to an embodiment of the invention;

[0014] FIG. 5A shows an oscillogram of a body electrical
signal according to an embodiment of the invention;

[0015] FIG. 5B shows an oscillogram of motion artifacts
within the body electrical signal according to an embodiment
of the invention;

[0016] FIG. 5C shows an oscillogram of a lead signal
according to an embodiment of the invention;

[0017] FIG. 6 shows a schematic diagram of the first elec-
trode group according to another embodiment of the inven-
tion; and

[0018] FIG. 7 shows a flow chart of a signal analyzing
method according to an embodiment of the invention.

DETAILED DESCRIPTION

[0019] The aforementioned illustrations and following
detailed description are exemplary for the purpose of further
explaining the scope of the invention. Some objectives and
advantages related to the invention will be illustrated in the
subsequent description and appended drawings.

[0020] Please refer to FIG. 1, FIG. 2, and FIG. 3. FIG. 1
shows a schematic diagram of a signal analyzing system
according to an embodiment of the invention. FIG. 2 shows a
schematic diagram of a first electrode group and a second
electrode group of FIG. 1 according to an embodiment of the
invention. FIG. 3 shows a circuit diagram of a processing
module of the signal analyzing system according to an
embodiment of the invention. As shown in figures, a signal
analyzing system 1 has a first electrode group 10, a second
electrode group 12, a processing module 14, and a bias elec-
trode 16. The first electrode group 10 has a plurality of elec-
trodes (first electrodes), and those electrodes are attached to a
human body 2. The second electrode group 12 also has a
plurality of electrodes (second electrodes), and those elec-
trodes are also attached to the human body 2.

[0021] In practice, the first electrode group 10 and the sec-
ond electrode group 12 may be attached to different areas of
the human body 2. For example, the first electrode group 10
can, but is not limited to, be attached to the right chest of the
human body 2, and the second electrode group 12 can, but is
not limited to, be attached to the left abdomen of the human
body 2. The present embodiment does not limit how the first
electrode group 10 and the second electrode group 12 are
attached to the human body 2. For example, the first electrode
group 10 can be attached to the skin of the human body 2 with
an electrically conductive gel, so that the first electrode group
10 can obtain signals easily.

[0022] As shown in the FIG. 1, FIG. 2 and the related
description thereof, the first electrode group 10 of this
embodiment has a first electrode 102 and a second electrode
104. The first electrode 102 and the second electrode 104 are
disposed within a first predetermined distance, e.g. 1 cm or
1.5 cm. In other words, the distance d1 depicted in FIG. 2 is
less than or equal to the first predetermined distance. Simi-
larly, the second electrode group 12 of this embodiment can
also have two electrodes, including a third electrode 110 and
a fourth electrode 112, and the electrodes of the second elec-
trode group 12 shall be disposed within a second predeter-
mined distance. In other words, the distance d2 depicted in
FIG. 2 is less than or equal to the second predetermined
distance. The present embodiment does not limit whether the
second predetermined distance is the same as the first prede-
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termined distance. For example, the second predetermined
distance may also be 1 cm or 1.5 em.

[0023] The first electrode 102 is configured to transmit a
first input signal V1 obtained from the human body 2 to the
processing module 14 through a transmission wire L1-1. The
second electrode 104 is configured to transmit a second input
signal V2 obtained from the human body 2 to the processing
module 14 through a transmission wire [.1-2. Specifically, the
transmission wire L1-1 and the transmission wire L1-2 are
collectively called first transmission line pair 1. The wires of
the first transmission line pair .1 may be isolated from each
other to reduce signal interference. Similarly, the third elec-
trode 110 is configured to transmit a third input signal V3
obtained from the human body 2 to the processing module 14
through a transmission wire [.2-1. The fourth electrode 112 is
configured to transmit a fourth input signal V4 obtained from
the human body 2 to the processing module 14 through a
transmission wire [.2-2. Specifically, the transmission wire
L2-1 and the transmission wire [.2-2 are collectively called
second transmission line pair [.2. The wires of the second
transmission line pair L2 may be isolated from each other to
reduce signal interference.

[0024] In practice, every input signal transmitted from the
first electrode group 10 and the second electrode group 12
may not be an ideal signal. And each of the input signals can
be considered to have two major components, such asan ECG
component and a noise component. Because the first elec-
trode 102 and the second electrode 104 of the first electrode
group 10 are attached adjacently, the first electrode 102 and
the second electrode 104 may receive the same first ECG
component ECG__1. However, different electrodes would
transmit different input signals due to the variation of the
noise components. Similarly, because the third electrode 110
and the fourth electrode 112 of the second electrode group 12
are attached adjacently, the third electrode 110 and the fourth
electrode 112 may receive the same third ECG component
BCG_3.

[0025] To be noted, it is beneficial that the signal analyzing
system 1 can further have the bias electrode 16 for providing
DC content within the signals collected by the first electrode
group 10 and/or the second electrode group 12. For example,
the DC content can be considered as an isoelectric point
corresponding to a zero voltage reference. However, those
skilled in the art shall understand that the signal analyzing
system 1 can still have acceptable results without the bias
electrode 16.

[0026] As mentioned above, the first electrode 102 may
detect the first input signal V1 from the human body 2, and the
second electrode 104 may detect the second input signal V2
from the human body 2. The first input signal V1 and the
second input signal V2 can be presented as the formulas listed
below:

V1=ECG_1+M1 O]
V2=ECG_1+M2 @
[0027] ECG__1 represents the ECG component in the first

input signal V1; M1 represents the noise component, espe-
cially motion artifact, in the first input signal V1. In this
embodiment, since the first electrode 102 and the second
electrode 104 are disposed adjacently and are disposed within
the first predetermined distance, the ECG component in the
second input signal V2 is assumed to be the same as that in the
first input signal V1 and hence is also denoted as ECG__1 in
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equation (2). And, M2 represents the noise component, espe-
cially motion artifact, shown in the second input signal V2.
[0028] Similarly, the second electrode group 12 of this
embodiment can also have two electrodes 110 and 112 that
may detect the third input signal V3 and the fourth input
signal V4, respectively. The third input signal V3 and the
fourth input signal V4 can be presented as the formulas listed
below:

V3=ECG_3+M3 )

VA=ECG_3+MA4 A

[0029] ECG_ 3 represents the ECG component in the third
input signal V3; M3 represents the noise component, espe-
cially motion artifact, in the third input signal V3. In this
embodiment, since the two electrodes 110 and 112 of the
second electrode group 12 are disposed adjacently and are
disposed within the second predetermined distance, the ECG
component in the fourth input signal V4 is assumed to be the
same as that in the third input signal V3 and hence is also
denoted as ECG__3 in equation (4). And, M4 represents the
noise component, especially motion artifact, shown in the
fourth input signal V4.

[0030] As shown in the FIG. 1 and the FIG. 3, the process-
ing module 14 is coupled to the first electrode group 10
through the first transmission line pair L1, and is coupled to
the second electrode group 12 through the second transmis-
sion line pair L.2. And the processing module 14 has a first
calculating unit 140, a second calculating unit 142, a third
calculating unit 144, and a fourth calculating unit 146. The
first calculating unit 140 is coupled to the first transmission
line pair L1 and the second transmission line pair L2 for
receiving one of the input signals obtained by the first elec-
trode group 10, such as the firstinput signal V1, and one of the
input signals obtained by the second electrode group 12, such
as the third input signal V3. The second calculating unit 142
is coupled to the first transmission line pair .1, and receives
the first input signal V1 and the second input signal V2
obtained from the first electrode group 10. The third calcu-
lating unit 144 is coupled to the second transmission line pair
[.2, and receives the third input signal V3 and the fourth input
signal V4 obtained from the second electrode group 12. The
fourth calculating unit 146 is coupled to the first calculating
unit 140, the second calculating unit 142, and the third cal-
culating unit 144.

[0031] The first calculating unit 140 is configured to gen-
erate a body electrical signal V1.2 according to the first input
signal V1 and the third input signal V3. For example, the first
calculating unit 140 calculates the difference between the first
input signal V1 and the third input signal V3 to generate the
body electrical signal V1.2 accordingly. For example, the first
calculating unit 140 can be, but is not limited to, a subtractor
circuit or a DSP unit performing a mathematical formula.
Therefore, the body electrical signal VL2 can be presented as
the formula listed below:

VI2=V1-V3 &)
= (ECG_1 —ECG_3) + (M1 - M3)

=ECG_L2+ (M1 - M3)

[0032] ECG_L2 is the difference of the ECG components
between the first input signal V1 and the third input signal V3,
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and can be considered as a lead signal which is not affected by
noise. The noise component M1 and the noise component M2
are relevant to each other since the first electrode 102 and the
second electrode 104 are disposed adjacently. In addition, the
noise component M3 and the noise component M4 shall,
similarly, be relevant to each other since the third electrode
110 and the fourth electrode 112 are disposed adjacently.
Therefore, the relationship of the noise component M1 and
the noise component M2, and the relationship of the noise
component M3 and the noise component M4 may be pre-
sented as the formulas listed below:

M2~aM1 (6)
MA~pM3 @)
[0033] The second calculating unit 142 is configured to

generate a first filtered signal y1 which is corresponding to the
noise component M1 of the first input signal V1, wherein the
noise component M1 represents motion artifact happened
around the first electrode group 10. In one embodiment, the
second calculating unit 142 includes a subtractor 1421, a
variable filter 1422, and a filter coefficient update module
1423. The subtractor 1421 subtracts the second input signal
V2 from the first input signal V1 so as to generate a first
difference signal SM1. The variable filter 1422 has a p-th
order finite impulse response structure with a first set of
coefficients wn(0) town(p). The variable filter 1422 filters the
first difference signal M1 by convolving the first difference
signal M1 with the impulse response so as to generate the
first filtered signal y1. According to formula (1) and (2) listed
above, the first difference signal SM1 can be presented as the
formula listed below:

SM1=V1-V2 (8)
=M1-M2

=(l-a)M1

[0034] Similarly, the third calculating unit 144 is config-
ured to generate a second filtered signal y2 which is corre-
sponding to the noise component M3 of the third input signal
V3, wherein the noise component M3 represents motion arti-
fact happened around the second electrode group 12. In one
embodiment, the third calculating unit 144 includes a sub-
tractor 1441, a variable filter 1442, and a filter coefficient
update module 1443. The subtractor 1441 subtracts the fourth
input signal V4 from the third input signal V3 so as to generate
asecond difference signal SM2. The variable filter 1442 has a
p-th order finite impulse response structure with a second set
of coefficients wn_ 2 (0) to wn__2(p). The variable filter 1442
filters the second difference signal M2 by convolving the
second difference signal M2 with the impulse response so as
to generate the second filtered signal y2. According to for-
mula (3) and (4) listed above, the second difference signal M2
can be presented as the formula listed below:

SM2=V3-V4 )
=M3- M4

=(1-pM3



US 2014/0323890 A1

[0035] The first filtered signal y1 corresponds to the noise
component M1, and the second filtered signal y2 corresponds
to the noise component M3. The fourth calculating unit 146
may include a subtractor for subtracting the first filtered sig-
nal y1 and the second filtered signal y2 from the body elec-
trical signal VL2 generated by the first calculating circuit 140
so as to generate the lead signal ECG_I.2.

[0036] In practice, the lead signal ECG_I.2 can further be
transmitted to the second calculating unit 142 and the third
calculating unit 144, respectively, as a feedback signal. The
filter coefficient update module 1423 of the second calculat-
ing unit 142 receives the lead signal ECG_L2 and the first
difference signal dM1, and generates a first set of update
coeflicients delta_wn(0) to delta_wn(p). The filter coeflicient
update module 1423 then transmits the first set of update
coefficients delta_wn(0) to delta_wn(p) to the variable filter
1422 to update the first set of coefficients wn(0) to wn(p) so as
to generate a more accurate noise component M1 of the first
input signal V1, denoted as y1'. Similarly, the filter coefficient
update module 1443 of the third calculating unit 144 receives
the lead signal ECG_L2 and the second difference signal
dM2, and generates a second set of update coefficients delta_
wn__2(0) to delta_wn_ 2(p). The filter coefficient update
module 1443 then transmits the second set of update coeffi-
cients delta_wn__2(0) to delta_wn_ 2(p) to the variable filter
1442 to update the second set of coefficients wn 2_(0) to
wn__2(p) so as to generate a more accurate noise component
M3 of the third input signal V3, denoted as y2'.

[0037] After receiving a modified filtered signal y1' and a
modified filtered signal y2', the fourth calculating unit 146
can generate a modified lead signal ECG_L2' with higher
accuracy. Of course, the embodiment does not limit whether
to retrieve the lead signal as the feedback signal or not.
[0038] In another embodiment of the invention, the first
calculating unit 140 can further generate another body elec-
trical signal VL.2' which is different from the aforementioned
body electrical signal VL.2. For example, the body electrical
signal V2" can be presented as the formula listed below:

VLY = (VI-V3) + (V2 V4 (10)
= 2(BCG_1 ~ECG_3) + (1 + &)M1 — (1 + HM3
= 2BCG_LY) +(L+ @M1 - (1 + /M3

= AECG_LY) + (1 + &) /@M1 - (1 + B)/ BOM3

[0039] In another embodiment, according to the formula
(10), the first calculating unit 140 is configured to receive the
first input signal V1, the second input signal V2, the third
signal V3 and the fourth input signal V4 so as to generate the
body electrical signal VL.2' accordingly. For example, the first
calculating unit 140 can be, but is not limited to, a subtractor
circuit. The second calculating unit 142 is configured to gen-
erate the first filtered signal y1 which is corresponding to the
noise component M1 of the first input signal V1, wherein the
noise component M1 represents motion artifact happened
around the first electrode group 10. The third calculating unit
144 is configured to generate the second filtered signal y2
which is corresponding to the noise component M3 of the
third input signal V3, wherein the noise component M3 rep-
resents motion artifact happened around the second electrode
group 12. The fourth calculating unit 146 includes a subtrac-
tor for subtracting the first filtered signal y1 and the second
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filtered signal y2 from the body electrical signal VI.2' genet-
ated by the first calculating circuit 140 so as to generate the
lead signal ECG_L2.

[0040] The processing module 14 attempts to eliminate the
noise component of the body electrical signal by iteratively
adjusting the coefficients of the variable filters 1422 and
1442. The process of iteratively adjusting the coefficients of
the variable filters so as to provide more actuate noise com-
ponent of the body electrical signal is known as convergence.
A fast convergence indicates that the processing module 14
takes a short time to figure out the appropriate filter coeffi-
cients. In order to make the processing module 14 to conver-
gence very soon, in one embodiment of the invention, one of
the two input signals obtained from the electrode group is
emphasized so as to make the two input signals obtained from
the electrode group have greater difference. To emphasize the
difference of input signals, the electrodes may have different
size of contact area or different physical properties, e.g. wet
electrode and dry electrode. So that the discrimination of the
input signals, e.g. the first input signal V1 and the second
input signal V2 may be increased.

[0041] Besides, the discrimination of the first input signal
V1 and the second input signal V2 may also be increased by
filtering them under different conditions. Similarly, the dis-
crimination of the third input signal V3 and the fourth input
signal V4 may also be increased by filtering them under
different conditions.

[0042] Please refer to FIG. 3 and FIG. 4. FIG. 4 shows an
alternative implementation of the subtractor 1421 of the sec-
ond calculating unit 142 according to an embodiment of the
invention. As shown in FIG. 4, the subtractor 1421 includes a
first modifying unit A, a second modifying unit B, and an
instrumentation amplifier 1428. The first modifying unit A
includes a low pass filter 1424 and a high pass filter 1425. The
second modifying unit B includes a low pass filter 1426 and a
high pass filter 1427.

[0043] The first modifying unit A is coupled to transmis-
sion wire L1-1 for receiving the first input signal V1, and
generating a first modified signal. The second modifying unit
B is coupled to transmission wire L1-2 for receiving the
second input signal V2, and generating a second modified
signal. The instrumentation amplifier 1428 is coupled to the
first modifying unit A and the second modifying unit B for
receiving the first modified signal and the second modified
signal so as to generate the first difference signal dM1. To be
noted, the subtractor 1441 of the third calculating unit 144
may be implemented using similar circuits as shown in FIG.
4.

[0044] Specifically, the first input signal V1 is filtered by
the low pass filter 1424 and the high pass filter 1425 sequen-
tially, and the second input signal V2 is filtered by the low
pass filter 1426 and the high pass filter 1427 sequentially. To
be noted, the frequency response of the low pass filter 1424
and that of the low pass filter 1426 shall be different. For
example, the cut-off frequencies of the low pass filter 1424
may be 30 Hz, and the cut-off frequencies of the low pass filter
1426 may be 97 kHz. In addition, the frequency response of
the high pass filter 1425 and that of the high pass filter 1427
shall be different. For example, the cut-off frequencies of the
high pass filter 1425 may be 1 Hz, and the cut-off frequencies
of the high pass filter 1427 may be 0.015 Hz. Thus, the first
input signal V1 and second input signal V2 are modified by
different modifying process so as to increase the discrimina-
tion of the first input signal V1 and the second input signal V2.
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Similarly, the third input signal V3 and fourth input signal V4
may be modified by different modifying process so as to
increase the discrimination of the third input signal V3 and the
fourth input signal V4.

[0045] Here is an example about how to filter the motion
artifact from the body electrical signal. Please refer to FIG. 3
and FIG. 5A. FIG. 5A shows an oscillogram of the body
electrical signal according to an embodiment of the invention.
As shown in figures, according to formula (5), the body
electrical signal generated by the first calculating unit 140 is
severely interfered with the noise, such as motion artifacts,
respiration, or electrode noise. Thus, doctors may not be able
to correctly analyze the waveform shape between successive
beats of the body electrical signal, and may misdiagnose the
level of cardiac stability accordingly.

[0046] Please refer to FIG. 3 and FI1G. 5B. FIG. 5B shows
an oscillogram of motion artifacts within the body electrical
signal according to an embodiment of the invention. As
shown in figures, the second calculating unit 142 and the third
calculating unit 144 can estimate the motion artifacts around
the first electrode group 10 and the second electrode group 12.
Please refer to FIG. 3 and FIG. 5C, FIG. 5C shows an oscil-
logram of the lead signal according to an embodiment of the
invention. As shown in figures, the fourth calculating unit 146
eliminates the estimated noise shown in FIG. 5B from the
body electrical signal shown in FIG. 5A to generate the lead
signal shown in FIG. 5C. Clearly, the signal analyzing system
1 can greatly reduce the motion artifacts by utilizing the
disclosed first electrode group 10, the second electrode group
12, and processing module 14.

[0047] To be noted, each electrode group may have more
than two electrodes, and can obtain more than two input
signals correspondingly. Please refer to FIG. 6. FIG. 6 shows
a schematic diagram of the first electrode group according to
another embodiment of the invention. As shownin FIG. 6, the
electrode group 10a can have 4 electrodes, such as an elec-
trode 1024, an electrode 104q, an electrode 106a and an
electrode 108a. The distance between the electrode 102a and
the electrode 104a is denoted as distance d3. The distance
between the electrode 102a and the electrode 1064 is denoted
as distance d4. The distance between the electrode 1024 and
the electrode 108a is denoted as distance d5. In practice, all of
the distance d3, d4, and d5 may be less than the first prede-
termined distance, e.g. 1 cm or 1.5 cm.

[0048] Inorder to explain how the signal analyzing system
1 works, please refer to FIG. 1, FIG. 3 and FIG. 7. FIG. 7
shows an example flow chart of a signal analyzing method
according to an embodiment of the invention. As shown in
figures, in step S30, the first calculating unit 140 generates a
body electrical signal according to one of input signals trans-
mitted through the transmission line L1 and one of input
signals transmitted through the transmission line L.2. In step
S32, the second calculating unit 142 generates a first filtered
signal for estimating the motion artifact around the first elec-
trode group 10 by filtering the difference of the input signals
obtained from the first electrode group 10. In step S34, the
third calculating unit 144 generates a second filtered signal
for estimating the motion artifact around the second electrode
group 12 by filtering the difference of the input signals
obtained from the second electrode group 12. In step S36, the
fourth calculating unit 146 generates the lead signal by sub-
tracting the first filtered signal and the second filtered signal
from the body electrical signal.
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[0049] To sum up, the embodiments of the invention dis-
close a method and a system for signal analyzing with a
processing module which can reduce the noise components,
especially motion artifacts, of the ECG signal. One of the
advantages of the approach is that users can easily and cor-
rectly analyze the waveform shape between successive beats
in the filtered ECG signal, and can avoid misdiagnosing the
level of cardiac stability.

[0050] The descriptions illustrated supra set forth simply
embodiments of the invention; however, the characteristics of
the invention are by no means restricted thereto. All changes,
alternations, or modifications conveniently considered by
those skilled in the art are deemed to be encompassed within
the scope of the invention delineated by the following claims.

What is claimed is:

1. A signal analyzing method, comprising:

generating a body electrical signal according to at least one

of a plurality of first input signals and at least one of a
plurality of second input signals;

generating a first filtered signal by filtering a first difference

signal corresponding to the plurality of first input sig-
nals;

generating a second filtered signal by filtering a second

difference corresponding to the plurality of second input
signals; and

generating a lead signal according to the body electrical

signal, the first filtered signal and the second filtered
signal,

wherein the plurality of first input signals are transmitted

from a plurality of first electrodes of a first electrode
group, and the second input signals are transmitted from
a plurality of second electrodes of a second electrode
group.

2. The signal analyzing method according to claim 1,
wherein the plurality of first electrodes and the plurality of
second electrodes are attached to a human body and config-
ured to detect electrocardiogram (ECG) signals, the plurality
of first electrodes are disposed within a first predetermined
distance, and the plurality of second electrodes are disposed
within a second predetermined distance.

3. The signal analyzing method according to claim 1,
wherein the first filtered signal is generated according to the
lead signal and the first difference signal corresponding to the
plurality of first input signals, and the second filtered signal is
generated according to the lead signal and the second differ-
ence signal of the plurality of second input signals.

4. The signal analyzing method according to claim 1,
wherein the body electrical signal is generated according to
the difference of the sum of the plurality of first input signals
and the sum of the plurality of second input signals.

5. The signal analyzing method according to claim 1,
wherein at least one of the first input signals is filtered with a
first frequency response, at least another one of the first input
signals is filtered with a second frequency response, and the
first difference signal is generated by filtering the difference
of the first input signal filtered with the first frequency
response and the first input signal filtered with the second
frequency response.

6. The signal analyzing method according to claim 1,
wherein at least one of the first input signals is obtained by a
first type of electrode, at least another one of the first input
signals is obtained by a different second type of electrode, and
the first difference signal is generated by filtering the differ-
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ence of the first input signal obtained by the first type of
electrode and the first input signal obtained by the second type
of electrode.

7. The signal analyzing method according to claim 1, fur-
ther comprising:

filtering at least one of the first input signals with a first

modifying unit having a first frequency response; and

filtering at least another one of'the first input signals with a

second modifying unit having a second frequency

response;

wherein the first frequency response and the second fre-

quency response are different.

8. A signal analyzing system, comprising:

afirst electrode group, having a plurality of first electrodes,

configured to transmit a plurality of first input signals;

a second electrode group, having a plurality of second

electrodes, configured to transmit a plurality of second

input signals; and

a processing module, comprising:

a first calculating unit, coupled to the first electrode
group and the second electrode group for receiving at
least one of the plurality of first input signals and at
least one of the plurality of second input signals,
configured to generate a body electrical signal accord-
ing to at least one of the first input signals and at least
one of the second input signals;

a second calculating unit, coupled to the first electrode
group for receiving the plurality of first input signals,
configured to generate a first filtered signal by filter-
ing a first difference signal corresponding to the plu-
rality of first input signals;

a third calculating unit, coupled to the second electrode
group for receiving the plurality of second input sig-
nals, configured to generate a second filtered signal by
filtering a second difference signal corresponding to
the plurality of second input signals; and

a fourth calculating unit, coupled to the first calculating
unit, the second calculating unit and the third calcu-
lating unit for receiving the body electrical signal, the
first filtered signal and the second filtered signal, con-
figured to generate a lead signal according to the body
electrical signal, the first filtered signal and the second
filtered signal.

9. The signal analyzing system according to claim 8,
wherein the plurality of first electrodes and the plurality of
second electrodes are attached to a human body and config-
ured to detect electrocardiogram (ECG) signals, the plurality
of first electrodes are disposed within a first predetermined
distance, and the plurality of second electrodes are disposed
within a second predetermined distance.

10. The signal analyzing system according to claim 8,
wherein the second calculating unit further receives the lead
signal, and the second calculating unit generates the first
filtered signal according to the first difference signal and the
lead signal.

11. The signal analyzing system according to claim 8,
wherein the third calculating unit further receives the lead
signal, and the third calculating unit generates the second
filtered signal according to the second difference signal and
the lead signal.

12. The signal analyzing system according to claim 8,
wherein the first calculating unit receives the plurality of first
input signals and the plurality of second input signals, and
generates the body electrical signal according to the differ-
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ence of the sum of the plurality of first input signals and the
sum of the plurality of second input signals.

13. The signal analyzing system according to claim 8,
wherein the processing module further comprises:

a first modifying unit having a first frequency response for

filtering at least one of the first input signals; and

a second modifying unit having a second frequency
response for filtering at least another one of the first input
signals;

wherein the first frequency response and the second fre-
quency response are different.

14. The signal analyzing system according to claim 8,

wherein the first electrode group further comprises:

a first type of electrodes configured to transmit at least one
of the plurality of first input signals; and

a second type of electrodes configured to transmit at least
another one of the plurality of first input signals;

wherein the first type electrodes and the second type of
electrodes are different.

15. A processing module, comprising:

a first calculating unit, coupled to a plurality of first elec-
trodes and a plurality of second electrodes for receiving
at least one of a plurality of first input signals obtained
from the plurality of first electrodes and at least one of a
plurality of second input signals obtained from the plu-
rality of second electrodes, configured to generate a
body electrical signal according to at least one of the first
input signals and at least one of the second input signals;

a second calculating unit, coupled to the first electrodes for
receiving the plurality of first input signals, configured
to generate a first filtered signal for estimating the
motion artifact corresponding to the first electrodes by
filtering a first difference signal corresponding to the
plurality of first input signals;

a third calculating unit, coupled to the second electrodes
for receiving the plurality of second input signals, con-
figured to generate a second filtered signal for estimating
the motion artifact corresponding to the second elec-
trodes by filtering a second difference signal corre-
sponding to the plurality of second input signals; and

a fourth calculating unit, coupled to the first calculating
unit, the second calculating unit, and the third calculat-
ing unit for receiving the body electrical signal, the first
filtered signal and the second filtered signal respectively,
configured to generate a lead signal according to the
body electrical signal, the first filtered signal and the
second filtered signal.

16. The processing module according to claim 15, wherein
the plurality of first electrodes and the plurality of second
electrodes are attached to a human body and configured to
detect electrocardiogram (ECG) signals, the plurality of first
electrodes are disposed within a first predetermined distance,
and the plurality of second electrodes are disposed within a
second predetermined distance.

17. The processing module according to claim 15, wherein
the second calculating unit further receives the lead signal,
and the second calculating unit generates the first filtered
signal according to the first difference signal and the lead
signal.

18. The processing module according to claim 15, wherein
and the third calculating unit further receives the lead signal,
and the third calculating unit generates the second filtered
according to the second difference signal and the lead signal.



US 2014/0323890 A1

19. The processing module according to claim 15, wherein
the first calculating unit receives the plurality of first input
signals and the plurality of second input signals, and gener-
ates the body electrical signal according to the difference of
the sum of the plurality of first input signals and the sum of the
plurality of second input signals.

20. The processing module according to claim 15, further
comptising:

a first modifying unit having a first frequency response for

filtering at least one of the first input signals; and

a second modifying unit having a second frequency

response for filtering atleast another one of the first input
signals;

wherein the first frequency response and the second fre-

quency response are different.

® 0% % % %
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