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Classification of Cardiac Arrhythmias based on
combination of the results of Neural Networks using
Dempster-Shefer Evidence Theory
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3Faculty of Engineering & Technology, University of Mazandaran, Babolsar, Iran
2Electrical& electronics, Noor unit, Azad University, Noor, Iran
Abstract

Cardiac arrhythmias are one of the most common heart diseases that may cause the death of the patient.
Therefore, it is extremely important to detect cardiac arrhythmias. 3 categories of arrhythmia, namely,
PAC, PVC, and normal are considered in this paper based on classifier fusion using evidence theory.

In this study, at first a sample is carrying out the ECG signal with 250 point. Moreover, in each of the
sampling, the maximum values will be obtained. Then, the average of the calculated values would be
considered as adaptive thresholding and the total signals are multiplied by the inverse adaptive thresholding.
After fixing the adaptive thresholding at number one, total resulting signal is becoming the power of 2. In this
situation, the amounts smaller than one, are weakened and the larger than one amounts are reinforced. The
smaller amount is removed and other amounts are held. Then, the maximum in each of the sampling is
considered.
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In sampling areas that there is no peak, some maximum can be identified with zero value that these
points should be removed from the set maximum. To find the maximum point where the maximum is close to
the borders of sampling, two peaks may be placed in one field. This problem leads to removing one peak and
non-recognition of the smaller peak. Some peaks near the border of sampling, for example the previous or
next point on the border may be identified as the peak which eliminates the major peak and identifies the
unrealistic peak. To solve this problem, the 80-point sampling is performed around each detected peak and
the maximum value is obtained at the sampling areas. In this way, the correct peaks are identified and the
wrong one will be deleted.

In some parts, the peak signal is not quite sharp, and maybe two or more points that are adjacent to

cach other with the same value, will be considered as a peak. In other words, a closed peak is detected
several times, which leads to detection of extra and incorrect peaks. In these circumstances, according to an
amount that only belongs to one peak, just one of them should be considered and the other should be
removed. After these steps, an obtained signal which includes peaks R, is compared with the original signal.
To achieve the correct answer, it changes the number of sampling points and each time the result is
compared with the previous values and with the original signal, too, until finally the major peaks will be
identified.

Then, HRV signal be will calculated. Linear properties contain root mean square of successive
differences between normal intervals (RMSSD) and standard deviation of normal to normal intervals in a row
(SDNN) and also heart rate (HR Mean) are calculated.

Around each peak, 81 points window is inserted. These points for each peak is in one row. So resulting
matrix (X) has 81 columns and its rows are the number of R peaks. SVD of matrix(X) is calculated. The
obtained Matrix S will include the individual values. These singular signal values are non-linear features. If
all used values are single, they can eclipse the linear features which will lead to the lack of features’ effect.
Because of this reason, it is used only from the largest single value as a non-linear feature.

The combination of linear and non-linear characteristics as input is applied to MLP, Cascade Feed
Forward and RBF neural networks and every (single) answer is studied. The answers for each class have a
level of probability that any classifier can independently be taken to the classification of cardiac arrhythmias.
A class that has the greatest probability is allocated to the data. These probabilities show the uncertainty of
the answers.

Each of the classifiers is considered as a witness. All the possibilities for different classes of each witness
uncertainties function are modeled and crime function is defined. In other words, belief structure is formed
for evidence. At this stage, by combined Demster law, the mass functions will combine together. In this
situation, the level of uncertainty is much reduced and the class with the highest crime will be selected as the
answer.

According to the survey results, the combination of linear and non-linear characteristics for training
and testing the neural networks classifiers has increased the accuracy of the answer. In other words, the
extraction of more features leads to better training the neural networks and increases the accuracy of the
classifiers.

It can be noted that the using classifiers uncertainty principle and combining them by using the evidence
theory has increased the accuracy of the final classification. The results of this study show that the proposed
method was able to classify cardiac arrhythmias in the presence of noise and provided an acceptable answer
for the intended issue. In sum, the proposed method has been able to classify 3 categories of cardiac
arrhythmia such as PVC, PAC and NORMAL with high accuracy. This is performed in the best situation
with sensitivity greater than 0/98.

Keywords: ECG signal, Classifier, Neural Networks, Evidence theory
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Classifier PPV% Sensitivity%
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! True positive
2 True negative
3 False positive
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