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Abstract

Cardiovascular disease is the leading cause of death
in the world. It is estimated there are about 17.3 million
in 2008 due to the deaths related to cardiovascular
disease and stroke, accounting for approximately 30% of
all deaths globally and forecast to 2030 the number of
deaths from heart disease will be approximately 23.3 %
per year, 80% of all deaths are from less developed
countries or developing®. In Vietnam, every year there
are approximately 50,000 cases of heart disease by
without timely detection?. For all these reasons, we wish
to develop a complete system from the measured ECG
(Electrocardio-gram - ECG Fig. 01) to make the
diagnosis and warning based on the strength of
information technology and telecommunications systems
(Figure 02). Such a system requires strict precision, and
real time processing of all. Here we introduce -the
method improves the accuracy of diagnosis, and improve
signal performance. In our laboratory, the entire system
was connected and obtained good results prove this is
the right direction.
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we have built [1], but also can be used in other systems
including ECG machines, stress test system based on the
ECG. Although it has not a perfect QRS detection
algorithm to be developed until now.
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Figure 1. An ECG signal with the QRS complex and the peak
The architecture of most of the QRS detection is divided
into two segments [3] (Figure 02). Preprocessing
segment or segments extracted attributes perform linear
filtering and nonlinear filtering ECG signals and
generates a set of cyclic vectors (vectors periodic)
performance events. Segment taken the decision to
include peak detection and decision logic. Inputs for this
segment is the information that is returned from the
preprocessing step, classifying each event or a QRS is a
signal or noise, and save the position of appearing
different QRS. Normally a decision will be built by many
rules.

Figure 2. Structure of a QRS Detector

The most important task of deciding the segmentation
threshold for determining which view vector to identify
events that represent a QRS or not. Some other
ingredients commonly found in the decision is a clear
part, have ignored the task wvector event occurs
immediately after the QRS complex recently discovered
in a set period of time, looking backward components, be
used to assess the events that were ignored before the
public without a QRS complex is detected in a
significant period of time.
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In experiments, we use the pre-treatment section has
been developed and published in the previous paper [1].
Signals are taken from the machine into a real-time ECG,
signal pre-processing step we will return to the event
vector including the height of the peak and the peak time
when it appeared. The vector is recorded along with a
note to see if it can be performed for a QRS or just a
noise. There are many laws are applied to decide the
event returns to the quantitative evaluation of the
effectiveness of the law of various components.

HTTP

Figure 3. Overall system architecture supportlng the monitoring and
diagnosis of cardiovascular disease based on ECG
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Finding accurate QRS in a real-time conditions have a
decisive role in the quality of cardiac monitoring
systems. Later in the article we are pleased to introduce
methods to optimize the decision rule in the system
(Figure 03). In addition to the data generated from: the
ECG machine, the data sources used were made available
from the MIT/ BHI for arrhythmias.

2. Signal pre-processing

As mentioned above, the phase signal preprocessing
tasks linear filtering and non-linear filters. Figure 04
describes the steps of filtering the signal preprocessing.
In the previous paper [4] we presented the details of this
step.
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Figure 04. Filter stages of the QRS detector
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Low-pass filter (low-pass filter) and high pass filter
(high-pass filter) is applied with the argument can be
used for real-time processing. Following are the steps are
differentiation, squaring, and averaging time.

Low-pass filter (or LPF) allows frequency components
lower than the cut off frequency pass through without
any loss of amplitude, and frequency components higher
cut off frequencies will be suppressed. It is often used to
eliminate interference by jamming environment was
measured during pulse AC, telecommunications waves,
sound waves ... LPF was introduced by Lynn [5], and is
applied by a formula other

#lnl Zvln 1l oyl 2l v xlnl 2xln &l xln
High-pass filter (or HPF) have opposite functions LPF
coal. It will remove the less volatile components of the
ECG wave as the DC component and is used to stabilize
the base line of the signal. The performance of HPL.:
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After HPF, the received signal shows the peaks Q, R, S
appeared relatively clear. But can highlight this point
further with derivative is described by the formula

| %(Exlnl ©n 1 xln 3 Zxln 41} (3)
Received signal amplitude will be positive
simultaneously amplifies the large amplitude, small
amplitude points are suppressed by the square of the
wave amplitude is.

vlnl  ixlwli

Figure 05 describes the transformation of the ECG waves
through the steps of the pre-processing stage.
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Figure 05: The process of transformation of the ECG waves, a-
wave input, b-after the LPF noise reduction, noise reduction
with HPF c-, d-vertices Q, R, S have been made more
prominent, e-amplification peaks Q, R, S and eliminate other
points.

3. Decision stage

3.1 Identify the Peak

Suppose V is vector valued event voltage maximum
nearest. The peak signal is detected by comparing the
voltage value with v. If it falls below the value v/ 2, a
peak is detected. Then the value of v is set equal to the
height of the current peak. Rules of the peak detected as
described in Figure 06.
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Figure 06. Rule of peak detection

The setting of standards is greatest at the peak position of
the signal is filtered in the period from 225ms to 125ms
tian before an event detected peaks. Benchmarking and
height of the peak is placed into a vector using the event
to the decision stage.

3.2 Make Decision

In this step a vector event has been detected will be
determined as a manifestation of the QRS complex or
just a noise. To achieve this, an adaptive threshold is

applied to the wave properties that were extracted from
the filter step. Decision threshold can be calculated as the
content of the article [4]

If v[n] >= Threshold => QRS Complex (4)
If v[n] < Threshold => Noise

In that v[n] denotes a peak was detected and adaptive
threshold is selected. Additionally, Threshold is
constantly updated by

Threshowd  apPEaR | (1 aiThresiold  (5)

In that PEAK is the maximum value and the newly
discovered and & s g |imiting value for the number of

positive elements with © < & =1 Through the formula
5 can see each new value of the threshold is determined
through the implementation of the evaluation of peak
signal properties as well as the previous value and the

current value of the threshold value. ¥ is a weight used to
determine the influence of the peak value to change the
threshold value (Threshold). According to experimental

¥ values in the range of 0.15 to 0.2. A QRS is said to
have been detected if and only if the value exceeds the
threshold. And this threshold is regularly updated each
time a QRS complex is detected.

3.3 Experimentation and Results

In the study, the algorithm has been installed in the C #
language on their performance x86 intel 1.8Ghz clock
and obtained positive results.

Figure 07 shows the level of spend time QRS detection
algorithm. In which data were used to evaluate the
structure created by the record at MIT / BHI from a
meter is that we have designed. Use a measuring ECG
12-lead ECG in the body of the interval is 1s, 10s, 20s,
30s, ..., 80s. This data is used as input for software QRS
detection. Time calculations on data logging software
showed complete algorithms can be put into
implementation in real-time mode.

We have also used the records available in the data bank
MIT / BHI to check the accuracy of the algorithm.
Looking at the Table 01 an be seen the algorithm
accuracy achieved is high.
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4. Algorithms in real-time conditions Table 1: The accuracy of Algorithm

With high accuracy and short response time, QRS
detection algorithm can fully put into the system settings 100 2265 0 100
in real time. In our study, a heart rate monitor program

. . . . . 101 1859 0 100
written in C# works on the PC, this program will receive
the input signal samples are transferred from the device 102 2187 10 99.54
to the heart. The discrete signal is represented in the form 103 2084 0 100
of two-dimensional vector (=1 within T the sampling 104 2229 10 9955
time, and ¥ the voltage values measured at that time. The 105 2572 75 97.08
samples loaded directly as a single signal input to the
algorithm will not make sense, because the QRS must be 106 2131 > 9.7
performed by a sufficiently long period of data. During 107 2135 2 99.91
fieldwork we found with the equivalent input data 108 2124 97 95.43
sampling time is 3 seconds, you can ensure the detection
of even the low heart rate 20 beats / min. The discrete 109 2539 4 99.84
signal is stored in a temporary array and perform batch 110 1795 0 100
processing later. 111 2123 3 99.86
There are two methods to load data were used in the 112 253 16 9937
study: 113 1793 3 99.83
ho t dthe d ) ’ 114 1872 14 99.25
- The first one: Load the data in the window, not an array
of fixed size buffers used for the input signal. The signal 115 1943 L 99.95
is loaded into the buffer and then will be put into the 116 2409 32 98.67
module detects QRS T cycles (about 100ms). When a 117 1532 13 99.15
QRS complex is detected, all the necessary information ”
for it to be saved and zeroed buffer to load new data. 118 8 4 99.82
119 1987 2 99.9
- The second method: load data in static translation 121 1856 0 100
window. In this method, a fixed-size array is used to ” 1479 0 00
contain the sample signal, the signal is loaded into 1 L
continuous and periodic inspection and T. Each time new 123 1520 0 100
data is Ioad_ed into a data equivalent in the beginning of 124 1618 0 100
the array will be removed.
1000 917
Both methods are highly accurate results. In the first a0 809
approach, the cost is the optimal time to figure out a 800 a5
complicated set. While the two methods for time cost is 700 ‘
- = 600 542
constant and stable operation. g = :
= 500
= 353 '
In the boundary of the research project, the research team o 27
has not qualified to verify the accuracy of the solution for 00 w
big data but only small-scale data for each small record is oo %
6s standard MIT / BIH. Table 01 is described in the 0 ¥
statistics of the rate of correct detection program for data 0 oo e s 9

that offered by the original paper [8]. ) LENGT_H oremes ) )
Figure 07. Assessment of the time-consuming algorithms
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4. Conclusions

With the test results on a small scale, we found that
the application of the proposed system is subject
perfectly reasonable and scalable when deployed on
larger data sets.

In fact, the ability to extend applications with larger data
sets and the 12-lead we measured the subjects had
improved following the directions included in the model
by the PCA and ICA algorithm to handle input signals in
order to improve the effectiveness and efficiency of the
system processor. The application and system testing in
pratice will be deployed in the coming time with the
involvement of the 108 hospital cardiology.
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