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(57) ABSTRACT

The present disclosure relates to a system for physiological
signal quality assessment, the system includes: a first filter
module for implementing a filter process on an inputted first
physiological signal; a first periodicity detection module for
detecting periodicity of the filtered first physiological signal,
and determining periodic segmentation point of the first
physiological signal; a feature extracting module for extract-
ing corresponding signal features of the first physiological
signal in each heart period; and a fuzzy logic module for
building up a fuzzy logic model according to the extracted
signal features, and calculating a signal quality index for the
first physiological signal in the relative period based on the
built fuzzy logic model, and determining a signal attribute
according to the signal quality index. A method for physi-
ological signal quality assessment is provided as well. The
system and method for physiological signal quality assess-
ment calculate the signal quality index, determine the signal
attribute according to the signal quality index, therefore rec-
ognize the abnormal signal out of the first physiological sig-
nal, and result in high quality physiological signals.

( START )

A\

IMPLEMENT WAVE-FILTER PROCESS ON AN +— S10

INPUTTED FIRST PHYSIOLOGICAL SIGNAL

A

/

IMPLEMENT A PERIODICITY DETECTION ON THE

FILTERED FIRST PHYSIOLOGICAL SIGNAL. DETERMINIZ

PERIOD SEGMENTATION POINT

A

4

EXTRACT RELATIVE SIGNAL FEATURES FROM THE

FIRST PHYSIOLOGICAL

SIGNAL IN ITS PERIOD -1 $30

\

/

BUILD UP A FUZZY LOGIC MODEL ACCORDING TO
THE EXTRACTED SIGNAL FEATURES: AND
CALCULATE A SIGNAL QUALITY INDEX FOR THE 4 S40

FIRST PHYSIOLOGICAL S

IGNAL IN THE RELATIVE

PERIOD BASED ON THE BUILT FUZZY LOGIC MODEL;
AND DETERMINE A SIGNAL ATTRIBUTE ACCORDING
TO THE SIGNAL QUALITY INDEX

END



Patent Application Publication May 9, 2013 Sheet1 of 3 US 2013/0116580 A1

o 10 S 20 . 30 o 40
' FIRST :
FIRST FILTER .| PERIODICITY o E)ffl?j{g’ll“{]%]\] . |FUZZY LOGIC
"1 DETECTION g g
MODULE (P MODULE MODULE
Fig. 1

& S AN oA e A A M e e S A P e A e e PR

B O O O WP AY

|
n P " I i
w2 N s h A a N AT A S \
.. \ s b e AN ML OO
AN T N N M, AN YN NN ey
fead =) ) \)\"M j WS ‘J\"f‘} e ¥
00 60 6o 0 06 10 il wm ss) 00 01 20
Fig. 2
a
l"_———"—._
g . End-
e . b : . .
ABP Sl Disolic
: e ——

Artifact |



Patent Application Publication May 9, 2013 Sheet 2 of 3 US 2013/0116580 A1

10 — 20 30 40
/ /FIRST FE/‘TURE //
3 A
FIRST FILTER PERIODICITY FUZZY LOGIC
. e B EXTRACTION —
xl DETECTION
MODULE MODULE MODULE MODULE
/ 50 . 60
SECOND SECOND
.| PERIODICITY
FILTER |  DETECTION
MODULE MODULE
Fig. 4

( START )

Y
IMPLEMENT WAVE-FILTER PROCESS ON AN }— S10
INPUTTED FIRST PHYSIOLOGICAL SIGNAL

Y

IMPLEMENT A PERIODICITY DETECTION ON THE $20

FILTERED FIRST PHY SIOLOGICAL SIGNAL, DETERMINIY]
PERIOD SEGMENTATION POINT

\

EXTRACT RELATIVE SIGNAL FEATURES FROM THE 330
FIRST PHYSIOLOGICAL SIGNAL INITS PERIOD  ~T~

\
BUILD UP A FUZZY LOGIC MODEL ACCORDING TO
THE EXTRACTED SIGNAL FEATURES; AND
CALCULATE A SIGNAL QUALITY INDEX FOR THE +— 5S40
FIRST PHYSIOLOGICAL SIGNAL IN THE RELATIVE
PERIOD BASED ON THE BUILT FUZZY LOGIC MODEL;
AND DETERMINE A SIGNAL ATTRIBUTE ACCORDING

TO THE SIGNAL QUALITY INDEX




Patent Application Publication

May 9, 2013 Sheet 3 of 3

4

IMPLEMENT WAVE-FILTER ]
PROCESS ON AN INPUTTED FIRST
PHYSIOLOGICAL SIGNAL

A

DETECTION ON THE FILTERED FIRSV]

IMPLEMENT A PERIODICITY

PHYSIOLOGICAL SIGNAL,
DETERMINE PERIOD
SEGMENTATION POINT

\

EXTRACT RELATIVE SIGNAL
FEATURES FROM THE FIRST 1
PHYSIOLOGICAL SIGNAL IN ITS
PERIOD

— S10

\J
IMPLEMENT A WAVE-FILTER PROCESS ON

SIGNAL WHICH IS SYNCHRONOUSLY
SAMPLED WITH THE FIRST
PHYSIOLOGICAL SIGNAL

Y

— 520

US 2013/0116580 A1

AN INPUTTED SECOND PHYSIOLOGICAL ~ S] 1

IMPLEMENT A PERIODICITY DETECTION| S21

ON THE FILTERED SECOND f
PHYSIOLOGICAL SIGNAL, DETERMINE
PERIOD SEGMENTATION POINT OF THE

SECOND PHYSIOLOGICAL SIGNAL

L— S30

A4
EXTRACT SIGNAL FEATURES FROM

IN A SAME PERIOD IN RELATION TO
THE FIRST PHYSIOLOGICAL SIGNAL

y

BUILD UP A FUZZY LOGIC MODEL ACCORDING TO THE EXTRACTED
SIGNAL FEATURES; AND CALCULATE A SIGNAL QUALITY INDEX FOR
THE FIRST PHYSIOLOGICAL SIGNAL IN THI: RELATIVE PERIOD BASED

ON THE BUILT FUZZY L.OGIC MODEL; AND DETERMINE A SIGNAL
ATTRIBUTE ACCORDING TO THE SIGNAL QUALITY INDEX

— S40

THE SECOND PHYSIOLOGICAL SIGNAL4F— S

END

Fig. 6

Fig. 7

31



US 2013/0116580 A1

SYSTEM FOR QUALITY ASSESSMENT OF
PHYSIOLOGICAL SIGNALS AND METHOD
THEREOF

FIELD OF THE INVENTION

[0001] The present disclosure relates generally to the field
of computer-based medical application technology, and more
particularly, to a system for quality assessment of physiologi-
cal signals and a method thereof.

BACKGROUND OF THE INVENTION

[0002] Arterial Blood Pressure (ABP) signal is a common
physiological signal, the continuous measurement and analy-
sis of which is of high significance to the clinical diagnostic of
hypertension and analysis of the automatic adjustment func-
tion of cerebral blood flow. The continuous measurement
includes two kinds: the invasive one and the noninvasive one.
The invasive continuous ABP measurement has high liability
and stability, but it needs to be embedded into the body and
requires aseptic conditions; therefore the usage is limited in
particular situations, such as a surgery room. Comparatively,
the noninvasive continuous ABP measurement has many
advantages such as measurement convenience, operation
simplicity, noninvasive and no requirement for aseptic; there-
fore the noninvasive continuous ABP measurement method is
getting more and more widely used.

[0003] There are a few methods for the noninvasive con-
tinuous ABP measurement; the tension-determination
method and the volume-compensation method are two devel-
oped kinds of noninvasive continuous ABP measurement
method. The measurement position of the method is on the
limb ends (fingertips or radial arteries), thus the measure-
ments tend to be affected by the external, with instability of
the signals increasing; therefore, the ABP signals shall be
carefully used, and it is quite necessary to build up an assess-
ment method for the clinical ABP signal quality.

[0004] Currently, in the noninvasive continuous ABP mea-
surement, two kinds of pseudo-difference signals need to be
solved: 1) abnormality signal calibration caused by the pres-
sure calibration of the measurement instrument; 2) motion
abnormal signal or signal absence produced by the shift or
jitter of the sensor due to the patient’s posture change or
movement. The pseudo-difference signals are generated by
the abnormal signals caused by the instruments (such as poor
contact) instead of the physiological changes of the patient.
The pseudo-difference signals have rather large volatility and
lack useful information, sequentially causing high volatility
and poor repeatability of the follow-up analysis results which
moreover could not be fundamentally recovered through
ordinary wave-filtering and estimation methods.

SUMMARY OF THE INVENTION

[0005] Accordingly, it is necessary to provide a system for
quality assessment of physiological signals, to obtain high
quality physiological signals.

[0006] Besides, it is necessary to provide a method for
quality assessment of physiological signals, to obtain high
quality physiological signals.

[0007] A system for quality assessment of physiological
signals includes:

[0008] a first filter module for implementing a wave-filter
process on an inputted first physiological signal;

May 9, 2013

[0009] a first periodicity detection module for detecting
periodicity of the wave-filtered first physiological signal, and
determining periodic segmentation point of the first physi-
ological signal;

[0010] a feature extraction module for extracting corre-
sponding signal features of the first physiological signal in
each heart period; and

[0011] a fuzzy logic module for building up a fuzzy logic
model according to the extracted signal features, and calcu-
lating a signal quality index for the first physiological signal
in the relative period based on the built fuzzy logic model, and
determining a signal attribute according to the signal quality
index.

[0012] Preferably, the first physiological signal is invasive
continuous arterial blood pressure signal, noninvasive con-
tinuous arterial blood pressure signal, or pulse signal.
[0013] Preferably, the filter process on the first physiologi-
cal signal is to filter noise with frequency higher than 40 Hz
out from the first physiological signal.

[0014] Preferably, the feature extraction module further
sets up a membership function for the extracted signal fea-
tures, the membership function is:

0 x<a
X—ay? a+b
(B9, a<rs
b-a
S(x; 0, b) = x-b\ a+b
I—Z(HJ, <xsb
1 b<x

wherein X is the current feature value; a and b are parameters
determined by experiment.

[0015] Preferably, the signal features include calibration
abnormality signal feature u, and motion abnormality signal
feature u,; x in the membership of the calibration abnormality
signal feature u, is an end-diastolic slope sum; x in the mem-
bership of the motion abnormality signal feature u, is a ratio
of an absolute value of the difference between two successive
diastolic pressures and the less value thereof.

[0016] Preferably, the system for quality assessment of
physiological signal further includes:

[0017] a second filter module for implementing a wave-
filter process on an inputted second physiological signal
which is synchronously sampled with said first physiological
signal;

[0018] a second periodicity detection module for detecting
periodicity of the wave-filtered second physiological signal,
and determining periodical segment points of the second
physiological signal;

[0019] wherein the feature extraction module is further
used for extracting signal features of the second physiological
signal in the same period related to the first physiological
signal.

[0020] Preferably, the second physiological signal is elec-
trocardiogram signal.

[0021] Preferably, the filter process implemented on the
second physiological signal is for filtering noise with fre-
quency lower than 0.05 Hz or higher than 100 Hz, and 50 Hz
power frequency noise.

[0022] Preferably, the extracted signal feature in relation is
period normality signal feature u,; and x in the membership of
the period normality signal feature u; stands for a ratio of a
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delay time from a comprehensive peak value point of the
current period electrocardiogram signal to a starting u point
of the arterial blood pressure signal and a base value of the
delay time.

[0023] Preferably, the fuzzy logic model built up by the
fuzzy logic module according to the extracted signal features
and signal features in relation is: SQI=ug,=1-u,v u,v u,,
wherein SQI is the signal quality index, v means taking a
maximum value.

[0024] Preferably, the signal attribute is normal signal,
abnormal signal or transition signal; the fuzzy logic module is
further used for setting up a threshold value and comparing
the signal quality index with said threshold; the first physi-
ological signal of the relative period is a normal signal if the
signal quality index is larger than the threshold value, the first
physiological signal of the relative period is a transition signal
if the signal quality index equals the threshold value, the first
physiological signal of the relative period is an abnormal
signal if the signal quality index is lower than the threshold
value.

[0025] A method for quality assessment of physiological
signals includes:

[0026] implementing a wave-filter process on an inputted
first physiological signal;

[0027] implementing a periodicity detection on the wave-
filtered first physiological signal, and determining periodic
segmentation points of the first physiological signal;

[0028] extracting corresponding signal features from the
first physiological signal in every period circles;

[0029] building up a fuzzy logic model according to the
extracted signal features; calculating a signal quality index
for the first physiological signal in the relative period based
on the built fuzzy logic model; and determine a signal
attribute according to the signal quality index.

[0030] Preferably, the first physiological signal is invasive
continuous arterial blood pressure signal, noninvasive con-
tinuous arterial blood pressure signal, or pulse signal.
[0031] Preferably, the filter process on the first physiologi-
cal signal is to filter noise with frequency higher than 40 Hz
out from the first physiological signal.

[0032] Preferably, the method further includes: setting up a
membership function for the extracted signal features, the
membership function is:

0, x<a
x—a\? a+b
Z(b—a)’ a<xs=
Sts a, b) = x-bV a+b ’
1—2(m], 3 <x=zb
1, b<x

wherein x is the current feature value; a and b are parameters
determined by experiment.

[0033] Preferably, the signal features include calibration
abnormality signal feature u, and motion abnormality signal
feature u,; x in the membership of the calibration abnormality
signal feature u, is an end-diastolic slope sum; x in the mem-
bership of the motion abnormality signal feature u, is a ratio
of an absolute value of the difference between two successive
diastolic pressures and the less value thereof.
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[0034] Preferably, the method further includes:

[0035] implementing a wave-filter process on an inputted
second physiological signal which is synchronously sampled
with the first physiological signal;

[0036] detecting periodicity of the filtered second physi-
ological signal, and determining periodical segment points of
the second physiological signal;

[0037] extracting signal features of the second physiologi-
cal signal in the same period in relation to the first physiologi-
cal signal.

[0038] Preferably, the second physiological signal is elec-
trocardiogram signal.

[0039] Preferably, the wave-filter process implemented on
the second physiological signal is for filtering noise with
frequency lower than 0.05 Hz or higher than 100 Hz, and 50
Hz power frequency noise.

[0040] Preferably, the extracted signal feature in relation is
period normality signal feature u,; and x in the membership of
the period normality signal feature u, stands for a ratio of a
delay time from a comprehensive peak value point of the
current period electrocardiogram signal to a starting u point
of the arterial blood pressure signal and a base value of the
delay time.

[0041] Preferably, the fuzzy logic model which is built up
according to the extracted signal features and signal features
in relation is: SQI=ug,s=1-u,v u,v u;, wherein SQI is the
signal quality index, v means taking a maximum value.
[0042] Preferably, the signal attribute is normal signal,
abnormal signal or transition signal; the method further
includes: setting up a threshold value and comparing the
signal quality index with the threshold value; the first physi-
ological signal of the relative period is a normal signal if the
signal quality index is larger than the threshold value, the first
physiological signal of the relative period is a transition signal
if the signal quality index equals the threshold value, the first
physiological signal of the relative period is an abnormal
signal if the signal quality index is lower than the threshold
value.

[0043] The above described system for physiological sig-
nal quality assessment and method thereof carry on a filter
process on the inputted first physiological signal and deter-
mine the period segment points, extract the related signal
features in every signal period, and calculate the signal qual-
ity index according to the signal features, and further deter-
mine the signal attributes according to the signal quality
index, and therefore recognize the abnormal signal out of the
first physiological signal, and result in high quality physi-
ological signals.

[0044] Besides, the second physiological signal is used for
reference, which improves the accuracy of the signal quality
index calculation; therefore the recognition rate of the abnor-
mal signal is improved, and further even better physiological
signal quality is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 is a schematic structural diagram showing a
system for quality assessment of physiological signals of one
embodiment.

[0046] FIG. 2 is a signal chart of normal and abnormal
noninvasive continuous ABP signals measured through ten-
sion-determination method.

[0047] FIG. 3 is a schematic diagram of the EDSS feature
principle.



US 2013/0116580 Al

[0048] FIG. 4 is a schematic structural diagram showing a
system for quality assessment of physiological signals of
another embodiment.

[0049] FIG. 5is a flow chart of a method for quality assess-
ment of physiological signals of one embodiment.

[0050] FIG. 6 is a flow chart of a method for quality assess-
ment of physiological signals of another embodiment.
[0051] FIG. 7 is an effect diagram of fuzzy recognition.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0052] Referring to FIG. 1, a system for quality assessment
of physiological signals includes a first filter module 10, a first
periodicity detection module 20, a feature extraction module
30, and a fuzzy logic module 40. Wherein,

[0053] The first filter module 10 wave-filters an inputted
first physiological signal. In the present embodiment, the first
filter module 10 is an ABP (Arterial Blood Pressure) low-pass
filter; the first physiological signal is the ABP signal which is
a kind of noninvasive continuous ABP signal measured
through tension-determination method. An ABP signal typi-
cally includes a pseudo-difference signal and a normal signal,
both of which generally have the same signal features as
periodicity, shrink and expand, with reference to FIG. 2.
Wherein, the pseudo-difference signal is mixed by noise and
anormal signal. The ABP low-pass filter filters out noise with
frequency higher than 40 Hz in the ABP pseudo-difference
signals. Besides, the first physiological signal could be inva-
sive continuous ABP signal, pulse signal, or other physiologi-
cal signals as well.

[0054] The first periodicity detection module 20 detects
periodicity of the post-filtered first physiological signal, and
determines periodic segmentation point of the first physi-
ological signal. In the present embodiment, the first period-
icity detection module 20 is an ABP periodicity detector.
After the ABP low-pass filter filters out the noise with higher
than 40 Hz frequency in the ABP pseudo-difference signals,
the ABP periodicity detector is used for detecting the periodic
segmentation points of the ABP pseudo-difference signals,
and used for segmenting the ABP pseudo-difference signals
into periodical signals one by one.

[0055] The feature extraction module 30 extracts relative
signal features of the first physiological signal in each heart
period. The feature extraction module 30 is an ABP feature
extractor. The ABP feature extractor extracts relative signal
features from the ABP pseudo-difference signals that have
been divided into periodical signals; the signal features
include calibration abnormality signal feature u,, motion
abnormality signal feature u,. In a preferred embodiment, the
feature extraction module 30 also sets up a membership func-
tion for the extracted signal features. The membership func-
tion is:

0, x=<a
xX—ay? a+b
(b—a)’ as<xs
St a,b) = | 2x—b2 a+b< <b’
- [b—l]’ 7 ~FF
1, b<x
[0056] Wherein, x is the current feature value; a and b are

parameters determined by experiment.
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[0057] Calculate the signal feature value of the current
period for the first physiological signal as followings:
[0058] x in the membership of the calibration abnormality
signal feature u, is the End-Diastolic Slope Sum (EDSS), and
the calculation equation is

EDSS = Z Ayi,

iic>d

wherein Ay~=y,~y,.;, ¥; is the value of the ABP pseudo-dif-
ference signal at i time point (sampling point). FIG. 3 illus-
trates the EDSS feature principle.

[0059] x in the membership of the motion abnormality sig-
nal feature u, is the ratio of an absolute value of a difference
between two successive diastolic pressures and a less value
thereof, i.e. x is IADBPI/min(DBP,, DBP, ).

[0060] The fuzzy logic module 40 builds up a fuzzy logic
model according to the extracted signal features; and calcu-
lates a signal quality index for the first physiological signal in
the relative period based on the built fuzzy logic model; and
determines a signal attribute according to the signal quality
index. On the basis of the extracted signal features, which are
the calibration abnormality signal feature u,, and the motion
abnormality signal feature u,, the fuzzy logic module 40 sets
up semantic variables and fuzzy semantic rules; and sequen-
tially builds up the fuzzy logic model to carry out the quality
assessment of the ABP pseudo-difference signal, which
means calculating the signal quality index (SQI) for the ABP
pseudo-difference signal in the corresponding period.
[0061] Structure of the built fuzzy logic model is
SQFugy=1-u,v u,, wherein SQI is the signal quality
index, the larger one between u,and u, is incorporated.
Accordingly, through processing of the ABP pseudo-differ-
ence signal, the recognition rate of normal signals out of the
abnormal signals could be higher than 90%.

[0062] In the present embodiment, the signal attributes are
normal signal, abnormal signal, or transition signal. The
fuzzy logic module 40 sets up a threshold value, and com-
pares the signal quality index with the threshold value. In case
that the signal quality index is higher than the threshold value,
the ABP pseudo-difference signal in the current period is a
normal signal; if the signal quality index equals the threshold
value, the ABP pseudo-difference signal in the current period
is a transition signal; and provided the signal quality index is
lower than the threshold value, the ABP pseudo-difference
signal in the current period is an abnormal signal.

[0063] According to one embodiment, referring to FIG. 4,
the system for quality assessment of physiological signals
further includes a second filter module 50 and a second peri-
odicity detection module 60. The second filter module 50
carries out a filter process on an inputted second physiologi-
cal signal which is synchronously sampled with the first
physiological signal. In the present embodiment, the second
filter module 50 is an electrocardiogram (ECG) filter. The
second physiological signal is an ECG signal. The ECG sig-
nal is synchronously sampled together with the ABP pseudo-
difference signal, and is a reference signal for the ABP
pseudo-difference signal. The ECG filter filters noise with
frequency lower than 0.05 Hz or higher than 100 Hz out from
the ECG signal, as well as the 50 Hz power frequency noise.
The second periodicity detection module 60 detects period-
icity of the post-filtered second physiological signal, and
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determines the periodical segment point of the second physi-
ological signal. That is, the second periodicity detection mod-
ule 60 detects periodicity of the post-filtered ECG signal, and
segments the ECG signals into periodical signals one by one.
[0064] According the present embodiment, the signal fea-
ture of the second physiological signal relative to the first
physiological signal in the same period as well as the calibra-
tion abnormality signal feature u, and the motion abnormality
signal feature u, are extracted by the feature extraction mod-
ule 30. The signal feature in relation is the period normality
signal feature u;. In the membership of the period normality
signal feature us, x stands for the ratio of a delay time from a
comprehensive peak value point of the current period ECG
signal to a starting u point of the ABP signal and a base value
of the delay time, wherein DTa is the base value of DT, and
DTa=w,xDTi+w,xDTa, w, and w, are constants.

[0065] According to the present embodiment, the number
of the samples is 78, the membership functions of the signal
features are respectively:

u,=S(EDSS;-12.0);
#,=S(IADBP|/min(DBP, DBP; ,);1.,3);

u3=S(DT/DTa;0.4,0.9) A (1-S(DT/DTa;1.1,1.6));
wherein A means taking the least value.

[0066] And wherein, DTa=w,xDTi+w,xDTa, w; and w,
are constants, w, is 0.125, and w, is 0.875.

[0067] The fuzzy logic module 40 sets up semantic vari-
ables and fuzzy semantic rules according to the extracted
signal features and the relative signal features; and further
builds up a fuzzy logic model as SQI=uz,=1-u,v u,v us,
wherein SQI is the signal quality index, the largest among v, ,
u, and u; is incorporated. The SQI is calculated through
introducing the calculated calibration abnormality signal fea-
ture u,, motion abnormality signal feature u,, and period
normality signal feature u, into the model. Whereas, the fuzzy
semantic rule is recorded with a form as referred in table 1.

TABLE 1

Fuzzy Semantic Rule Table

Feature u, Feature u, Feature us Type of Signal
Low Low Normal Normal Signal
Large — — Calibration Abnormal and
Loss Signal
— Large — Motion Abnormal Signal
[0068] Referring to FIG. 5, according to one embodiment,

a method for quality assessment of physiological signals
includes the following steps:

[0069] Step S10, implementing a wave-filter process on an
inputted first physiological signal. In the present embodi-
ment, the first filter module is used for implementing the filter
process on the first physiological signal. Wherein, the first
filter module is the ABP (Arterial Blood Pressure) low-pass
filter; the first physiological signal is the ABP signal which is
a kind of noninvasive continuous ABP signal measured
through tension-determination method. The ABP signal
includes a pseudo-difference signal and a normal signal, both
of which have the same signal features as periodicity, shrink
and expand. Wherein, the pseudo-difference signal is mixed
by noise and a normal signal. The ABP low-pass filter filters
out noise with frequency higher than 40 Hz from the ABP
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pseudo-difference signal. Besides, the first physiological sig-
nal could be an invasive continuous ABP signal, pulse signal,
or other physiological signals as well.

[0070] Step S20, implementing a periodicity detection on
the post-filtered first physiological signals. After the ABP
low-pass filter filters out the noise with over 40 Hz frequency
in the ABP pseudo-difference signal, the ABP periodicity
detector is used for detecting the periodic segmentation point
of'the ABP pseudo-difference signal, and for segmenting the
ABP pseudo-difference signal into periodical signals one by
one.

[0071] Step S30, extracting corresponding signal features
from the first physiological signal in each heart period
(cycle). In the present embodiment, an ABP feature extractor
is used for extracting corresponding signal features from the
ABP pseudo-difference signal that have been divided into
periodical signals; the signal features include calibration
abnormality signal feature u,, motion abnormality signal fea-
ture u,. In a preferred embodiment, the method further
includes a step of setting up membership functions for the
extracted signal features. The membership function is:

0, x<a
Z(X_a)z, a<xsﬂ
swaby=] >
1—2(2]2 D esb
b-1)" 2
1, b<x
[0072] wherein x is, the current feature value; a and b are

parameters determined by experiment.

[0073] Calculate the signal feature value of the current
period of the first physiological signal, as followings:
[0074] x in the membership of the calibration abnormality
signal feature u, is end-diastolic slope and (EDSS), the cal-
culation equation is

EDSS = Z Ay,

irc»d

wherein Ay, =y,-y, ;, ¥, is the value of the ABP pseudo-dif-
ference signal at i time point (sampling point). FIG. 3 illus-
trates the EDSS feature principle.

[0075] x in the membership of the motion abnormality sig-
nal feature u, is the ratio of an absolute value of the difference
between two successive diastolic pressures and the less value
thereof, i.e. x is IADBPI/min(DBP,,.DBP, ;).

[0076] Step S40, building up a fuzzy logic model according
to the extracted relative signal features; and calculating a
signal quality index for the first physiological signal in the
relative period based on the built fuzzy logic model; and
determining a signal attribute according to the signal quality
index. On basis of the extracted signal features, which are the
calibration abnormality signal feature u,, and the motion
abnormality signal feature u,, semantic variables and fuzzy
semantic rules are set up; and sequentially a fuzzy logic
model is built to carry out the quality assessment of the ABP
pseudo-difference signal, which means calculating the signal
quality index (SQI) for the ABP pseudo-difference signal in
the corresponding period.
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[0077] Structure of the built fuzzy logic model is
SQI=uspe=1-u,v u,, wherein SQI is the signal quality
index, the larger one between u, and u, is incorporated.
[0078] In the present embodiment, the signal attributes are
normal signal, abnormal signal, or transition signal. The
fuzzy logic module 40 sets up a threshold value, and com-
pares the signal quality index with the threshold value. In case
that the signal quality index is higher than the threshold value,
the ABP pseudo-difference signal in the current period is a
normal signal; if the signal quality index equals the threshold
value, the ABP pseudo-difference signal in the current period
is a transition signal; and provided the signal quality index is
lower than the threshold value, the ABP pseudo-difference
signal in the current period is an abnormal signal.

[0079] According to one embodiment, referring to FIG. 6,
the method for quality assessment of physiological signals
further includes the following steps:

[0080] Step S11, implementing a filter process on an input-
ted second physiological signal which is synchronously
sampled with the first physiological signal. Wherein, the sec-
ond filter module 50 is used for implementing the filter pro-
cess on the second physiological signal which is synchro-
nously sampled with the first physiological signal. In the
present embodiment, the second filter module 50 is an elec-
trocardiogram (ECQ) filter. The second physiological signal
is an ECG signal. The ECG signal is synchronously sampled
together with the ABP pseudo-difference signal, and is a
reference signal for the ABP pseudo-difference signal. The
ECG filter filters noise with frequency lower than 0.05 Hz or
higher than 100 Hz out from the ECG signal, as well as the 50
Hz power frequency noise.

[0081] Step S21, detecting periodicity of the post-filtered
second physiological signal, and segment the periods of the
second physiological signal. The second periodicity detec-
tion module 60 is used for detecting periodicity of the post-
filtered second physiological signal, and determining the
periodical segment point of the second physiological signal.
That is, the second periodicity detection module 60 detects
periodicity of the post-filtered ECG signal, and segments the
ECG signals into periodical signals one by one.

[0082] Step S31, extracting signal features of the second
physiological signal in relation to the first physiological sig-
nal in the same period. According to the present embodiment,
the extracted signal features include the calibration abnor-
mality signal feature u, and the motion abnormality signal
feature u,, as well as the period normality signal feature us. In
the membership of the period normality signal feature u;, x
stands for the ratio of a delay time from a comprehensive peak
value point of the current period ECG signal to a starting u
point of the ABP signal and a base value of the delay time,
wherein DTa is the base value of DT, and DTa=w,xDTi+w,x
DTa, w, and w, are constants.

[0083] Steps S11, S21 and S31 could be executed synchro-
nously with steps S10, S20, and S30, or could be executed
after step S30.

[0084] Therefore, after extracting the signal features such
as the calibration abnormality signal feature u;, and the
motion abnormality signal feature u,, and the period normal-
ity signal feature us, step S40 would be transferred into step
S41: building up a fuzzy logic model according to the
extracted signal features; and calculating a signal quality
index for the first physiological signal in the relative period
based on the built fuzzy logic model; and determining a signal
attribute according to the signal quality index.
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[0085] According to the present embodiment, the number
of the samples is 78, the membership functions of the signal
features are respectively:

u,=S(EDSS;-12,0);
#,=S(IADBP|/min(DBP,,DBP, ,);1,3);

u3=S(DT/DTa;0.4,0.9) A (1-S(DT/DIu;1.1,1.6));
wherein, A means taking the least value.

[0086] And wherein, DTa=w,xDTi+w,xDTa, w, and w,
are constants, w, is 0.125, and w, is 0.875.

[0087] According to the extracted signal features, semantic
variables and fuzzy semantic rules are set up, and further, a
fuzzy logic model is built up as: SQI=us,=1-u,v U,V us,
wherein SQI is the signal quality index, the largest among u,,
u, and u; is incorporated. The SQI is calculated through
introducing the calculated calibration abnormality signal fea-
ture u,, motion abnormality signal feature u,, and period
normality signal feature u, into the model; and further com-
pares the SQI with a threshold value to determine the signal
attributes, which is normal signal or abnormal signal. Effect
of'the fuzzy recognition is illustrated with reference to F1G. 7,
wherein label 1 is a manually marked abnormal signal seg-
ment between the two vertical black lines, black solid line
with label 2 is the normal signal recognized by the algorithm,
and grey solid line with label 3 is the abnormal signal result
recognized by the algorithm.

[0088] The above described system and method for quality
assessment of physiological signals carries on a filter process
on the inputted first physiological signal and determines its
period segment point, extracts the related signal features in
each signal period, and calculated the signal quality index
according to the signal features, further determines the signal
attributes according to the signal quality index, therefore
recognizes the abnormal signal out of the first physiological
signal, results in high quality physiological signals.

[0089] Besides, the second physiological signal is used for
reference, which improves the accuracy of the signal quality
index calculation; therefore the recognition rate of the abnor-
mal signal is improved, further results in better physiological
signal quality.

[0090] The above description of the exemplary embodi-
ments of the invention has been presented only for the pur-
poses of illustration and description and is not intended to be
exhaustive or to limit the invention to the precise forms dis-
closed. Many modifications and variations are possible in
light of the above teaching.

[0091] The above embodiments were described in order to
explain the principles of the present disclosure and their
descriptions were rather specific and detailed, they shall not
be regarded as the limit to the scope of the present disclosure.
It shall be mentioned that, alternative embodiments and
improvements by those skilled in the art to which the present
disclosure pertains without departing from its spirit and scope
would be included in the desired protection of the present
disclosure. Accordingly, the scope of the present disclosure is
defined by the appended claims.
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1. A system for quality assessment of physiological sig-
nals, wherein the system comprises:

a first filter module for implementing a filter process on an
inputted first physiological signal;

a first periodicity detection module for detecting periodic-
ity of the filtered first physiological signal, and deter-
mining periodic segmentation points of the first physi-
ological signal;

a feature extraction module for extracting corresponding
signal features of the first physiological signal in each
heart period; and

a fuzzy logic module for building up a fuzzy logic model
according to the extracted signal features, and calculat-
ing a signal quality index for the first physiological
signal in the relative period based on the built fuzzy logic
model, and determining a signal attribute according to
the signal quality index.

2. The system for quality assessment of physiological sig-
nals according to claim 1, wherein the first physiological
signal is an invasive continuous arterial blood pressure signal,
a noninvasive continuous arterial blood pressure signal, or a
pulse signal.

3. The system for quality assessment of physiological sig-
nals according to claim 2, wherein the filter process on the
first physiological signal is to filter noise with frequencies
higher than 40 Hz out from the first physiological signal.

4. The system for quality assessment of physiological sig-
nals according to claim 2, wherein the feature extraction
module further sets up a membership function for the
extracted signal features, the membership function is:

0, x=<a
z(x—a)Z’ a<xsa+b
b-a 2
St a,0) = x-byY a+b ’
I—Z(HJ, 3 <x=<b
1, b<x

wherein X is the current feature value; a and b are parameters
determined by experiment.

5. The system for quality assessment of physiological sig-
nals according to claim 4, wherein the signal features com-
prise signal feature of calibration abnormality u, and signal
feature of motion abnormality u,; x in the membership func-
tion of the signal feature of calibration abnormality u, is
end-diastolic slope sum; x in the membership function of the
signal feature of motion abnormality u, is a ratio of an abso-
lute value of a difference between two successive diastolic
pressures and a less value thereof.

6. The system for quality assessment of physiological sig-
nals according to claim 5, further comprising:

a second filter module for implementing a filter process on
an inputted second physiological signal which is syn-
chronously sampled with the first physiological signal,

a second periodicity detection module for detecting peri-
odicity of the filtered second physiological signal, and
determining periodical segment points of the second
physiological signal;
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wherein the feature extraction module is further used for
extracting signal features of the second physiological
signal in the same period in relation to the first physi-
ological signal.
7. The system for quality assessment of physiological sig-
nals according to claim 6, wherein the second physiological
signal is electrocardiogram signal.

8. The system for quality assessment of physiological sig-
nals according to claim 7, wherein the filter process imple-
mented on the second physiological signal is for filtering
noise with frequencies lower than 0.05 Hz or higher than 100
Hz, and 50 Hz power frequency noise.

9. The system for quality assessment of physiological sig-
nals according to claim 8, wherein the extracted signal feature
in relation is signal feature of period normality u,; and x in the
membership of the signal feature of period normality u,
stands for a ratio of a delay time from a comprehensive peak
value point of the current period electrocardiogram signal to
a starting u point of the arterial blood pressure signal and a
base value of the delay time.

10. The system for quality assessment of physiological
signals according to claim 9, wherein the fuzzy logic model
built up by the fuzzy logic module according to the extracted
signal features and signal features in relation is:
SQIFugp=1-u,v u,v u,, wherein SQI is the signal quality
index, v means taking a maximum value.

11. The system for quality assessment of physiological
signals according to claim 1, wherein the signal attribute is
normal signal, abnormal signal or transition signal; the fuzzy
logic module is further used for setting up a threshold and
comparing the signal quality index with the threshold; the first
physiological signal of the relative period is the normal signal
if the signal quality index is larger than the threshold, the first
physiological signal of the relative period is the transition
signal if the signal quality index equals the threshold, the first
physiological signal of the relative period is the abnormal
signal if the signal quality index is lower than the threshold.

12. A method for quality assessment of physiological sig-
nals, wherein the method comprises:

implementing a filter process on an inputted first physi-

ological signal;

implementing a periodicity detection on the filtered first

physiological signal, and determine periodic segmenta-
tion points of the first physiological signal;

extracting corresponding signal features from the first

physiological signal in its period circles;

building up a fuzzy logic model according to the extracted

signal features; calculate a signal quality index for the
first physiological signal in the relative period based on
the built fuzzy logic model; and determine a signal
attribute according to the signal quality index.

13. The method for quality assessment of physiological
signals according to claim 12, wherein the first physiological
signal is invasive continuous arterial blood pressure signal,
noninvasive continuous arterial blood pressure signal, or
pulse signal.

14. The method for quality assessment of physiological
signals according to claim 13, wherein the filter process on
the first physiological signal is to filter noise with frequency
higher than 40 Hz out from the first physiological signal.
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15. The method for quality assessment of physiological
signals according to claim 13, wherein the method further
comprises: set up a membership function for the extracted
signal features, the membership function is:

0, x<a
x—ay? a+b
Z(b_a), a<x=
St a,b) = x-bY a+b ’
1—2(m], 3 <x=zb
1, b<x

wherein X is the current feature value; a and b are parameters
determined by experiment.

16. The method for quality assessment of physiological
signals according to claim 15, wherein signal features com-
prise calibration abnormality signal feature u; and motion
abnormality signal feature u,; x in the membership of the
calibration abnormality signal feature u, is end-diastolic
slope sum; x in the membership of the motion abnormality
signal feature u, is a ratio of an absolute value of a difference
between two successive diastolic pressures and a less value
thereof.

17. The method for quality assessment of physiological
signals according to claim 16, wherein the method further
comprises:

implementing a filter process on an inputted second physi-

ological signal which is synchronously sampled with the
first physiological signal;

detecting periodicity of the filtered second physiological

signal, and determine periodical segment points of the
second physiological signal;

extracting signal features of the second physiological sig-

nal in the same period in relation to the first physiologi-
cal signal.
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18. The method for quality assessment of physiological
signals according to claim 17, wherein the second physiologi-
cal signal is an electrocardiogram signal.

19. The method for quality assessment of physiological
signals according to claim 18, wherein the filter process
implemented on the second physiological signal is for filter-
ing noise with frequency lower than 0.05 Hz or higher than
100 Hz, and 50 Hz power frequency noise.

20. The method for quality assessment of physiological
signals according to claim 19, wherein the extracted signal
feature in relation is period normality signal feature u;; and x
in the membership of the period normality signal feature u,
stands for the delay time from a comprehensive peak value
point of the current period electrocardiogram signal to a start-
ing point of the arterial blood pressure signal.

21. The method for quality assessment of physiological
signals according to claim 20, wherein the fuzzy logic model
which is built up according to the extracted signal features
and signal features in relation is:

SQI=usps=1-u, v u,Vv us, wherein SQI is the signal qual-

ity index, v means taking a maximum value.

22. The method for quality assessment of physiological
signals according to claim 12, wherein the signal attribute is
normal signal, abnormal signal or transition signal; the
method further comprises: setting up a threshold value and
comparing the signal quality index with the threshold value;
and the first physiological signal of the relative period is a
normal signal if the signal quality index is larger than the
threshold value, the first physiological signal of the relative
period is a transition signal if the signal quality index equals
the threshold value, the first physiological signal of the rela-
tive period is an abnormal signal if the signal quality index is
lower than the threshold value.

* * & Ed *
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STARYT

IMPLEMENT WAVE-FILTER PROCESS ON AN S10

INPUTTED FIRST PHYSIOLCGGICAL SIGNAL

IMPLEMENT A PERIODICITY DETECTION ON THIE
FIL.TERED FIRST PHYSIOLOGICAL SIGNAL, DETERMINITY
PERIOD SEGMENTATION POINT

EXITRACT RELATIVE SIGNAL FEATURES FROM THE
FIRST PHYSIOLOGICAL SIGNAL IN 118 PERIOL -7

| — S30

'

BUILD LUP A FUZZY LOGIC MODEL ACCORDING TO
THE EXTRACTED SIGNAL FEATURES: AND
CALCULATE A SIGNAL QUALITY INLDEX FOR THE
FIRST PHYSIOLOGICAL SIGN AL IN THE RELATIVE
PERIOD BASED ON THE BUILT FUZZY LOGIC MODEL:
AND DETERMINE A SIGNAL ATTRIBUTE ACCORDING

TO THE SIGNAL QUALITY INDEX
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