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57 ABSTRACT

A system and method for evaluating cardiovascular perfor-
mance in real time and characterized by conversion of a
surface potential into multi-channels are introduced. The sys-
tem includes an electrocardiographic signal measuring unit, a
reconstruction unit, and a parameter computation and assess-
ment unit. The reconstruction unit reconstructs electrocardio-
graphic signals (ECG signals) recorded by the electrocardio-
graphic signal measuring unit, such that the ECG signals are
reconstructed as ones located at different spatial positions but
actually not having a channel. The method includes calculat-
ing a variation manifested spatially during an interval
between a Q wave and a T wave of an ECG signal against time
with a parameter computation and assessment algorithm, to
evaluate its discreteness degree and thereby diagnose cardio-
vascular diseases (CVD) and locate lesions thereof.

14 Claims, 6 Drawing Sheets
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measure ECG signals at different spatial

S602 — positions of channels

calculate eigenvectors and eigenvalues of
the ECG signals by performing principal
S604 — component analysis (PCA) thereon with a
reconstruction algorithm, so as to calculate
reconstructed ECG signals

calculate a degree of discreteness of a QT
of the ECG signals with a parameter
S606 — computation and assessment algorithm to
determine whether a patient has a
cardiovascular disease

FIG. 6
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1
SYSTEM AND METHOD FOR EVALUATING
CARDIOVASCULAR PERFORMANCE IN
REAL TIME AND CHARACTERIZED BY
CONVERSION OF SURFACE POTENTIAL
INTO MULTI-CHANNELS

FIELD OF TECHNOLOGY

The present invention relates to a system and method for
evaluating cardiovascular performance in real time and char-
acterized by the conversion of a surface potential into multi-
channels, the reconstruction of electrocardiographic signals
(ECG signals) with a reconstruction algorithm, and the cal-
culation of the degree of discreteness of the ECG signals with
a parameter computation and assessment algorithm.

BACKGROUND

Among cardiovascular diseases (CVD), coronary artery
disease (CAD) is regarded as the main cause of a sudden
death. The pathological changes caused by coronary artery
disease (CAD) include stenosis and even occlusion of coro-
nary arteries for supplying oxygen and nutrients to the heart,
thereby damaging cardiac tissues. Depending on the degree
of' severity, coronary artery disease (CAD) has different mani-
festations, namely angina, myocardial infarction, and sudden
cardiac death. Angina is chest pain due to ischemia (a lack of
blood, thus a lack of oxygen supply) of the heart muscle and
typically occurs when the weather is cold or when the patient
is mentally or physically overburdened or has an over-
stretched stomach. Myocardial infarction is worse than
angina, because the underlying pathological change typical
of myocardial infarction is irreversible damage of the heart
muscle. Myocardial infarction ends up in a heart failure, when
it is severe. In a worst-case scenario, the consequence of
myocardial infarction is a sudden cardiac death, wherein the
victim goes into shock and dies as soon as arrhythmia halts
the heart and decreases the cardiac output greatly. Hence,
coronary artery disease (CAD) is dubbed an invisible killer
because of'its symptomless insidious course. Coronary artery
disease (CAD) is seldom diagnosed with a static electrocar-
diogram (static ECG), as it starts to alert a patient only when
cardiac hypoxia happens to the patient.

At present, diagnosis tools in wide use for diagnosing
coronary artery disease (CAD) include treadmill ECG, Thal-
lium scan, and CT-angio. However, the application of the
aforesaid diagnosis tools is limited by size, costs, and meth-
odology of measurement, regardless of whether the diagnosis
tools are used at hospital or at home. In this regard, the
prognosis of coronary artery disease (CAD) is often evaluated
by means of conventional ECG signals, albeit with a draw-
back—providing just 12 channels which are restricted to
longitudinal cross-sections and transverse cross-sections of
the heart. Although the equipment required for providing the
12-channel ECG signals is simple and easy to operate, its
spatial resolution is inadequate, not to mention that it pro-
vides a limited amount of information pertaining to the analy-
sis and identification of related symptoms, thereby restricting
its application and analysis. Furthermore, although high-
resolution magnetocardiography (MCGQG) provides sufficient
spatial information, it is not in wide use because of its high
prices and large size.

SUMMARY

It is an objective of the present invention to increase spatial
resolution of ECG signals, cut device-related costs, and
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downsize related devices by measuring multi-channel elec-
trocardiographic signals (ECG signals) and reconstructing
multi-dimensional mapping and by making reference to the
results of research on the application of magnetocardio-
graphy (MCG) in coronary artery disease (CAD).

Another objective of the present invention is to develop a
system for evaluating cardiovascular performance in real
time and characterized by conversion of a surface potential
into multi-channels, wherein the system operates in conjunc-
tion with an algorithm that proves effective in performing
MCG-based verification.

Yet another objective of the present invention is to develop
a system for evaluating cardiovascular performance in real
time and characterized by conversion of a surface potential
into multi-channels, wherein the system is not only portable
and free of radioactivity, but also enables real-time analysis
and early prediction.

In order to achieve the above and other objectives, the first
aspect of the present invention provides a system for evalu-
ating cardiovascular performance in real time and character-
ized by conversion of a surface potential into multi-channels.
The system comprises: an electrocardiographic signal mea-
suring unit comprising at least one channel located at differ-
ent spatial positions, the electrocardiographic signal measur-
ing unit recording electrocardiographic signals (ECG signals)
measured with the channels, the ECG signals each compris-
ing a P wave, a Q wave, a R wave, a S wave, and a T wave; a
reconstruction unit electrically connected to the electrocar-
diographic signal measuring unit, the reconstruction unit hav-
ing a reconstruction algorithm for calculating eigenvectors of
the ECG signals and using the eigenvectors as a base for
calculating an eigenvalue matrix, the reconstruction unit cal-
culating at least one reconstructed ECG signal at other differ-
ent spatial positions with the eigenvalue matrix and the ECG
signals of the channels, the at least one reconstructed ECG
signal comprising a reconstructed P wave, a reconstructed Q
wave, a reconstructed R wave, a reconstructed S wave, and a
reconstructed T wave; and a parameter computation and
assessment unit electrically connected to the reconstruction
unit and having a parameter computation and assessment
algorithm, wherein the parameter computation and assess-
ment unit receives the ECG signals and the at least one recon-
structed ECG signal, calculates an interval from a starting
point of the Q wave to an ending point of the T wave of the
ECG signals, calculates variation in a reconstruction interval
from a starting point of the reconstructed Q wave to an ending
point of the reconstructed T wave of the at least one recon-
structed ECG signal against time at different spatial positions,
and evaluates the degree of discreteness of the ECG signals
and the at least one reconstructed ECG signal with the param-
eter computation and assessment algorithm.

The second aspect of the present invention provides a
method for evaluating cardiovascular performance in real
time and characterized by conversion of a surface potential
into multi-channels. The method comprising the steps of:
measuring, by the electrocardiographic signal measuring
unit, electrocardiographic signals (ECG signals) at different
spatial positions with at least one channel, the ECG signals
each comprising a P wave, a Q wave, a R wave, a S wave, and
a T wave; calculating, by a reconstruction unit, eigenvectors
of'the ECG signals with a reconstruction algorithm, an eigen-
value matrix with the eigenvectors being used as a base, and
atleast one reconstructed ECG signal at other different spatial
positions with the eigenvalue matrix and the ECG signals of
the channels, the at least one reconstructed ECG signal com-
prising a reconstructed P wave, a reconstructed Q wave, a
reconstructed R wave, a reconstructed S wave, and a recon-
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structed T wave; and receiving the ECG signals and the at
least one reconstructed ECG signal by a parameter computa-
tion and assessment unit, calculating an interval from a start-
ing point of the Q wave to an ending point of the T wave ofthe
ECG signals, calculating variation in a reconstruction interval
from a starting point of a reconstructed Q wave to an ending
point of a reconstructed T wave of the at least one recon-
structed ECG signal against time at different spatial positions,
and evaluating a degree of discreteness of the at least one
reconstructed ECG signal and the ECG signals with the
parameter computation and assessment algorithm.

BRIEF DESCRIPTION

FIG. 1 is a block diagram of a system according to an
embodiment of the present invention;

FIG. 2 is a schematic view of the positions of multi-channel
electrodes according to an embodiment of the present inven-
tion;

FIG. 3A s anelectrocardiogram (ECG) at a spatial position
and with a full cycle according to an embodiment of the
present invention;

FIG. 3B is an electrocardiogram (ECG) at multiple spatial
positions with a full cycle according to an embodiment of the
present invention;

FIG. 4 is a schematic view of a process flow of a recon-
struction algorithm according to an embodiment of the
present invention;

FIG. 5A is a schematic view of distribution of QTc at a
spatial position under normal condition according to an
embodiment of the present invention;

FIG. 5B is a schematic view of distribution of QTc at a
spatial position under abnormal condition according to an
embodiment of the present invention; and

FIG. 6 is a flow chart of a method according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

Referring to FIG. 1, there is shown a block diagram of a
system 100 for evaluating cardiovascular performance in real
time according to the first aspect of the present invention. As
shown in FIG. 1, the system 100 for evaluating cardiovascular
performance in real time comprises an electrocardiographic
signal measuring unit 110, a reconstruction unit 120, and a
parameter computation and assessment unit 130. As shown in
FIG. 1, for an illustrative purpose, the electrocardiographic
signal measuring unit 110 comprises three channels 1182,
1184, 1186. The quantity of the channels is subject to
changes. For example, the electrocardiographic signal mea-
suring unit 110 can comprise 12 channels.

Referring to FIG. 2, there is shown a schematic view of the
positions of multi-channel electrodes according to an
embodiment of the present invention. As shown in the dia-
gram, electrodes VR, VL, and VF measure electrocardio-
graphic signals (ECG signals) which originates from a plu-
rality of spatial positions on the surface of a human body 200.
Hence, the electrodes VR, VL, and VF are located at different
spatial positions, respectively. The channels 1182, 1184,
1186 capture ECG signals S|, S, and S; from different spatial
positions on the surface of the human body 200 by means of
the electrodes VR, VL, and VF, respectively.

Referring to FIG. 1, FIG. 2, FIG. 3A and FIG. 3B, an
electrocardiogram (ECG) at a spatial position and with a full
cycle according to an embodiment of the present invention is
shown in FIG. 3A, and an electrocardiogram (ECG) at mul-
tiple spatial positions with a full cycle according to an
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embodiment of the present invention is shown in FIG. 3B. As
shown in the diagrams, the electrocardiographic signal mea-
suring unit 110 retrieves and records the ECG signals S;, S,
and S; measured by channels 1182, 1184, 1186. As shown in
the diagrams, the ECG signals each comprise P wave, Q
wave, R wave, S wave, and T wave. The reconstruction unit
120 is electrically connected between the electrocardio-
graphic signal measuring unit 110 and the parameter compu-
tation and assessment unit 130. The electrocardiographic sig-
nal measuring unit 110 comprises a signal buffer 112, an
amplifier 113, and a filter 114. The amplifier 113 is electri-
cally connected between the signal buffer 112 and the filter
114. The signal buffer 112 is electrically connected to the
channels 1182, 1184, 1186 for receiving the ECG signals S,
S, and S; retrieved by the electrodes VR, VL and VF (as
shown in FIG. 2) at different spatial positions, respectively.
The signal buffer 112 protects the electrocardiographic
signal measuring unit 110 against electrical surges. The sig-
nal buffer 112 provides an input impedance that is high
enough to forward weak ECG signals measured on the human
body surface to the amplifier 113. After receiving the ECG
signals, the amplifier 113 amplifies them. The filter 114 elimi-
nates protects the ECG signals by preventing baseline shift,
reducing high-frequency noise, and blocking interference
from power signals. The filter 114 operates at a band-pass
frequency of 0.5 Hz~150 Hz and a band-stop frequency of 60
Hz. The electrocardiographic signal measuring unit 110 fur-
ther comprises an analog-to-digital converter 115. The ana-
log-to-digital converter 115 is electrically connected to the
filter 114. The ECG signals are filtered by the filter 114 and
then sent to the analog-to-digital converter 115 for conversion
into digital signals for use in analysis and computation per-
formed by the reconstruction unit 120 subsequently.
Referring to FIG. 1 and FIG. 4, a schematic view of a
process flow of a reconstruction algorithm according to an
embodiment of the present invention is shown in FIG. 4. As
shown in the diagrams, the reconstruction unit 120 comprises
a reconstruction algorithm for calculating orthogonal eigen-
vectors ¢ of measured multi-channel ECG signals by princi-
pal component analysis (PCA), as shown in FIG. 4(a). With
PCA, the ECG signals measured are expressed linearly in
terms of variables independent of each other as follows:

X=k @ +hobothsdat . . . +k,0,

where X denotes an original signal, ¢ denotes variables
independent of each other, and k denote a variable weight
coefficient for combining the variables linearly so as to
express the original signal.

All the eigenvectors in a related matrix can be treated as a
base to form matrix ®, where column vector ¢, is known as
eigenvector.

[ |
O=|e1 ¢ - QL
[ |
@i[0]
@ill]
[ .
eilL-1]
i=1,2... ,L
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-continued

Afterward, eigenvector 1, is treated as a base for calculat-
ing an eigenvalue matrix k corresponding to channels at other
different spatial positions, as shown in FIG. 4(b). Hence, k
denotes a matrix that consists of related coefficients. Multi-
channel ECG signals are treated as input signals and then
decomposed by PCA into a polynomial, where every term is
created by multiplying a PCA-enabled base with a coefficient
related thereto. Then, with PCA, eigenvector significance is
determined by the eigenvalue to select the most important
eigenvector to function as the reconstruction base for recon-
structing multi-channel ECG signals.

Sg=ST xk,
[ |
S=|8 8 ... S|
[ |
Si € ¢

Finally, the reconstruction unit 120 calculates a recon-
structed ECG signal Sy, at the other different spatial positions
with the eigenvalue matrix k and the ECG signals S|, S, and
S; of channels 1182, 1184, 1186 as shown in FIG. 4(c). The
reconstructed ECG signal S; comprises a reconstructed P
wave, a reconstructed Q wave, a reconstructed R wave, a
reconstructed S wave, and a reconstructed T wave. The
parameter computation and assessment unit 130 comprises a
parameter computation and assessment algorithm. Due to
differences in transmission direction and intrinsic impedance
of the human body, different vector projections take place at
the spatial positions of the channels in the course of the
measurement of the ECG signals; as a result, periodic signals
of different waveforms are captured. For example, a conven-
tional 12-channel ECG is performed with six limb channels
and six thoracic channels for providing signals specific to
longitudinal cross-sections and transverse cross-sections of
the heart.

The reconstruction algorithm of the reconstruction unit
120 is for use in calculating the eigenvalue matrix and the
eigenvalues by means of the ECG signals measured with the
electrodes VR, VL and VF. The product of the multiplication
of the amplitude of the ECG signals of the channels and the
eigenvalue matrix is used by the reconstruction algorithm of
the reconstruction unit 120 to calculate indirectly a recon-
structed ECG signal at the other different spatial positions, so
as to overcome spatial resolution inadequacy and the lack of
information required for analyzing and identifying signs and
symptoms of diseases.

The parameter computation and assessment unit 130 com-
prises a parameter computation and assessment algorithm.
Given an evaluation parameter SI;;,., the parameter compu-
tation and assessment algorithm for the parameter S, .. is:
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Slore = (1/S>Z {(1/n>2 QT = QT
N

where Sl . denotes the degree of discreteness of the ECG
signals S,, S, and S; and the reconstructed ECG signal Sz, S
denotes the total number of points of measurement of the
ECG signals and the reconstructed ECG signals, k denotes a
fixed spatial position, n denotes the number of points of
measurement at the fixed spatial positions, and QTc denotes
the interval of the ECG signals at the different spatial posi-
tions and a multi-dimension space defined by the reconstruc-
tion interval of the reconstructed ECG signals. The multi-
dimension space QTc is defined by an interval QT from the Q
wave to the T wave of the ECG signals and an interval QT
from a reconstructed Q wave to a reconstructed T wave of the
reconstructed ECG signals, and is calculated by the following
equation:

where QT denotes the interval from the Q wave to the T wave
of the ECG signals or the interval from the Q wave to the T
wave of a reconstructed ECG signal, and RR denotes the
interval between two adjacent R waves or the interval
between two adjacent reconstructed R waves.

Referring to FIG. 5A and FIG. 5B, a schematic view of
distribution of QTc at a spatial position under normal condi-
tion according to an embodiment of the present invention is
shown in FIG. 5A, and a schematic view of distribution of
QTc ata spatial position under abnormal condition according
to an embodiment of the present invention is shown in FIG.
5B. As shown in the diagrams, the parameter computation and
assessment unit 130 receives the ECG signals S|, S, and S;
measured with the channels 1182, 1184, 1186 of the electro-
cardiographic signal measuring unit 110, receives the at least
one reconstructed ECG signal S, calculated by the recon-
struction unit 120, calculates the starting point of the Q wave
to the ending point of the T wave of the ECG signals, calcu-
lates the variation in the reconstruction interval from the
starting point of the reconstructed QQ wave to the ending point
of the reconstructed T wave of the at least one reconstructed
ECG signal against time at different spatial positions, and
evaluates the degree of discreteness (i.e., Sl,y,.) of the BCG
signals S;, S, and S; and the at least one reconstructed ECG
signal S, with the parameter computation and assessment
algorithm. The parameter computation and assessment unit
130 identifies an eigenvalue larger than a normal value
according to SI,,, so as to determine whether the patient
generating the ECG signals has a cardiovascular disease by
making reference to the degree of discreteness SI,;... The
parameter computation and assessment unit 130 calculates
the variations of the T wave at different spatial positions with
a T-wave propagation algorithm, so as to locate the lesion(s)
of the cardiovascular disease.

In another embodiment, the electrocardiographic signal
measuring unit 110 further comprises a communication unit
140 electrically connected to the electrocardiographic signal
measuring unit 110, the reconstruction unit 120, and the
parameter computation and assessment unit 130. The com-
munication unit 140 is connected to a service platform 180 at
a remote end through a network 170 by wireless or wired
communication so as to send the ECG signals, reconstructed
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ECG signals, and data related to the degree of discreteness
(i.e., Sly,z.) synchronously to the service platform 180 foruse
in medical services and distance diagnosis.

The reconstruction algorithm and the parameter computa-
tion and assessment algorithm of the present invention can be
implemented by a physical circuit or software.

The second aspect of the present invention provides a
method for evaluating cardiovascular performance in real
time and characterized by conversion of a surface potential
into multi-channels. Referring to FIG. 1 through FIG. 6, a
flow chart of a method according to an embodiment of the
present invention is shown in FIG. 6. The method is appli-
cable to the system 100 for evaluating cardiovascular perfor-
mance in real time as described above. Hence, the elements,
structures, and circuits of the system 100 for evaluating car-
diovascular performance in real time are not described again
below for the sake of brevity. The method for evaluating
cardiovascular performance in real time comprises the steps
as follows:

Step S602: measuring the ECG signals S, S, and S; at
different spatial positions with channels 1182, 1184 and 1186
by the electrocardiographic signal measuring unit 110,
wherein the ECG signals each comprise P wave, Q wave, R
wave, S wave, and T wave.

Step S604: calculating orthogonal eigenvectors of mea-
sured multi-channel ECG signals by performing principal
component analysis (PCA) thereon with a reconstruction
algorithm by the reconstruction unit 120, and calculating an
eigenvalue matrix by using the eigenvectors as a base.

The reconstruction unit 120 calculates and reconstructs at
least one reconstructed ECG signal Sy at the other different
spatial positions with the eigenvalue matrix and the ECG
signals S,, S, and S; of the channels 1182, 1184 and 1186.
The reconstructed ECG signal Sz comprises a reconstructed P
wave, a reconstructed Q wave, a reconstructed R wave, a
reconstructed S wave, and a reconstructed T wave.

Step S606: receiving, by the parameter computation and
assessment unit 130, the ECG signals S|, S, and S; measured
by the electrocardiographic signal measuring unit 110 and the
reconstructed ECG signal Sy calculated by the reconstruction
unit 120, calculating the interval from the starting point of the
Q wave to the ending point of the T wave of the ECG signals
S, S, and S;, calculating variation in the reconstruction inter-
val from the starting point of a reconstructed Q wave to the
ending point of a reconstructed T wave of the reconstructed
ECG signal S, against time at different spatial positions, and
evaluating the degree of discreteness of the ECG signals S,
S, and S; and the at least one reconstructed ECG signal Sy
with a parameter computation and assessment algorithm to
determine whether the patient has a cardiovascular disease.

The present invention uses a reconstruction algorithm in
enhancing spatial resolution of ECG signals by means of
multi-channel ECG signals measured at different spatial posi-
tions, and uses a parameter computation and assessment algo-
rithm to evaluate cardiovascular performance, so as to locate
the lesions of cardiovascular diseases and evaluate cardiovas-
cular performance in real time.

The present invention is disclosed above by preferred
embodiments. However, persons skilled in the art should
understand that the preferred embodiments are illustrative of
the present invention only, but should not be interpreted as
restrictive of the scope of the present invention. Hence, all
simple equivalent variations and modifications made to the
aforesaid embodiments should fall within the scope of the
present invention. Accordingly, the legal protection for the
present invention should be defined by the appended claims.
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The claims are as follows:

1. A system for evaluating cardiovascular performance in
real time and characterized by conversion of a surface poten-
tial into multi-channels, the system comprising:

an electrocardiographic signal measuring unit comprising
at least one channel located at different spatial positions,
the electrocardiographic signal measuring unit record-
ing electrocardiographic signals (ECG signals) mea-
sured with the channels, the ECG signals each compris-
ing a P wave, a Q wave, a R wave, a S wave, and a T
wave;

a reconstruction unit electrically connected to the electro-
cardiographic signal measuring unit, the reconstruction
unit having a reconstruction algorithm for calculating
eigenvectors of the ECG signals and using the eigenvec-
tors as a base for calculating an eigenvalue matrix, the
reconstruction unit calculating at least one reconstructed
ECG signal at other different spatial positions with the
eigenvalue matrix and the ECG signals of the channels,
the at least one reconstructed ECG signal comprising a
reconstructed P wave, a reconstructed Q wave, a recon-
structed R wave, a reconstructed S wave, and a recon-
structed T wave; and

a parameter computation and assessment unit electrically
connected to the reconstruction unit and having a param-
eter computation and assessment algorithm,

wherein the parameter computation and assessment unit
receives the ECG signals and the at least one recon-
structed ECG signal, calculates an interval from a start-
ing point of the Q wave to an ending point of the T wave
of the ECG signals, calculates variation in a reconstruc-
tion interval from a starting point of the reconstructed Q
wave to an ending point of the reconstructed T wave of
the at least one reconstructed ECG signal against time at
different spatial positions, and evaluates the degree of
discreteness of the ECG signals and the at least one
reconstructed ECG signal with the parameter computa-
tion and assessment algorithm;

wherein the parameter computation and assessment algo-
rithm is: 81, =(1/S)

Slore = (l/S)Z {(1/@2 [(QT,), - (QTC)nI}’
8 P

wherein SI, . denotes the degree of discreteness of the
ECG signals and the at least one reconstructed ECG
signal, S denotes a total number of points of measure-
ment of the ECG signals and the at least one recon-
structed ECG signal, k denotes a fixed spatial position, n
denotes a number of points of measurement most proxi-
mate to the fixed spatial position, and QT denotes a
multi-dimension space defined by the interval of the
ECG signals and the reconstruction interval of the at
least one reconstructed ECG signal.

2. The system for evaluating cardiovascular performance
in real time of claim 1, wherein a multi-dimension space
defined by an interval ofthe ECG signals and a reconstruction
interval of the at least one reconstructed ECG signal is cal-
culated by equation:
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wherein QT denotes the interval or the reconstruction inter-
val, and RR denotes the interval between two adjacent R
waves or the interval between two adjacent reconstructed R
waves.
3. The system for evaluating cardiovascular performance
in real time of claim 1, wherein the electrocardiographic
signal measuring unit further comprises a signal buffer, an
amplifier, and a filter, the signal buffer being electrically
connected to the channels for receiving the ECG signals
measured with the channels and protecting the electrocardio-
graphic signal measuring unit, the amplifier being electrically
connected between the signal bufter and the filter for receiv-
ing and amplifying the ECG signals, and the filter filtering out
interference noise of the ECG signals.
4. The system for evaluating cardiovascular performance
in real time of claim 1, further comprising a communication
unit electrically connected to the electrocardiographic signal
measuring unit, the reconstruction unit, and the parameter
computation and assessment unit, the communication unit
being connected to a service platform at a remote end by
means of wireless or wired communication for transmitting
the ECG signals, the at least one reconstructed ECG signal,
and data related to the degree of discreteness thereof synchro-
nously.
5. The system for evaluating cardiovascular performance
in real time of claim 1, wherein the reconstruction algorithm
is implemented by a physical circuit.
6. The system for evaluating cardiovascular performance
in real time of claim 1, wherein the parameter computation
and assessment algorithm is implemented by a physical cir-
cuit.
7. The system for evaluating cardiovascular performance
in real time of claim 1, wherein the parameter computation
and assessment unit determines whether the ECG signals are
attributable to a cardiovascular disease based on the degree of
discreteness.
8. A method for evaluating cardiovascular performance in
real time and characterized by conversion of a surface poten-
tial into multi-channels, the method comprising the steps of:
measuring, by the electrocardiographic signal measuring
unit, electrocardiographic signals (ECG signals) at dif-
ferent spatial positions with at least one channel, the
ECG signals each comprising a P wave, a Q wave, aR
wave, a S wave, and a T wave;
calculating, by a reconstruction unit, eigenvectors of the
ECG signals with a reconstruction algorithm, an eigen-
value matrix with the eigenvectors being used as a base,
and at least one reconstructed ECG signal at other dif-
ferent spatial positions with the eigenvalue matrix and
the ECG signals of the channels, the at least one recon-
structed ECG signal comprising a reconstructed P wave,
a reconstructed Q wave, a reconstructed R wave, a
reconstructed S wave, and a reconstructed T wave; and

receiving the ECG signals and the at least one recon-
structed ECG signal by a parameter computation and
assessment unit, calculating an interval from a starting
point of the Q wave to an ending point of the T wave of
the ECG signals, calculating variation in a reconstruc-
tion interval from a starting point of a reconstructed Q
wave to an ending point of a reconstructed T wave of the
at least one reconstructed ECG signal against time at
different spatial positions, and evaluating a degree of
discreteness of the at least one reconstructed ECG signal
and the ECG signals with the parameter computation
and assessment algorithms;
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wherein the parameter computation and assessment algo-
rithm is: 81, =(1/S)

Slor, = (1/S>Z {@w W) (T, - 71,1}
S

wherein SI, . denotes the degree of discreteness of the
ECU signals and the at least one reconstructed ECG
signal, S denotes a total number of points of measure-
ment of the ECG signals and the at least one recon-
structed ECG signal, k denotes a fixed spatial position, n
denotes a number of points of measurement most proxi-
mate to the fixed spatial position, and QT denotes a
multi-dimension space defined by the interval of the
ECG signals and the reconstruction interval of the at
least one reconstructed ECG signal.

9. The method for evaluating cardiovascular performance
in real time of claim 8, wherein a multi-dimension space
defined by the interval of the ECG signals and the reconstruc-
tion interval of the at least one reconstructed ECG signal is
calculated by equation:

o1, = or
‘" VRR’

wherein QT denotes the interval or the reconstruction inter-
val, and RR denotes the interval between two adjacent R
waves or the interval between two adjacent reconstructed R
waves.

10. The method for evaluating cardiovascular performance
in real time of claim 8, wherein the electrocardiographic
signal measuring unit further comprises a signal buffer, an
amplifier, and a filter, the signal buffer being electrically
connected to the channels for receiving the ECG signals
measured with the channels and protecting the electrocardio-
graphic signal measuring unit, the amplifier being electrically
connected between the signal bufter and the filter for receiv-
ing and amplifying the ECG signals, and the filter filtering out
interference noise of the ECG signals.

11. The method for evaluating cardiovascular performance
in real time of claim 8, wherein a communication unit is
electrically connected to the electrocardiographic signal mea-
suring unit, the reconstruction unit, and the parameter com-
putation and assessment unit, the communication unit being
connected to a service platform at a remote end by means of
wireless or wired communication for transmitting the ECG
signals, the at least one reconstructed ECG signal, and data
related to the degree of discreteness thereof synchronously.

12. The method for evaluating cardiovascular performance
in real time of claim 8, wherein the reconstruction algorithm
is implemented by a physical circuit.

13. The method for evaluating cardiovascular performance
in real time of claim 8, wherein the parameter computation
and assessment algorithm is implemented by a physical cir-
cuit.

14. The method for evaluating cardiovascular performance
in real time of claim 8, wherein the parameter computation
and assessment unit determines whether the ECG signals are
attributable to a cardiovascular disease based on the degree of
discreteness.



