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Premature Ventricular Contraction Arrhythmia Detection
in ECG Signals via Combined Classifiers

Masoud Rahbaripour & Babak Mohammadzadeh Asl”
Biomedical Engineering Department, Electrical and Computer Engineering Faculty, Tarbiat
Modares University, Tehran, Iran
Abstract

Cardiovascular diseases are the most dangerous diseases and one of the biggest causes of fatality all over the

world. One of the most common cardiac arrhythmias which has been considered by physicians is premature

ventricular contraction (PVC) arrhythmia. Detecting this type of arrhythmia due to its abundance of all ages,

d : is particularly important. ECG signal recording is a non-invasive, popular method for an assessment of heart's
Y
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function. Development of quick, accurate automatic ECG classification methods is essential for the clinical
diagnosis of heart disease. This research analyzes the ECG signal to detect PVC arrhythmia. Different
techniques are provided in order to detect this type of arrhythmia based on ECG signals. As these techniques
use different methods for detection, the reaction of each one will be different to detect this type of arrhythmia.
There is no classifier to give the best results for all matters at any time and combining classifiers improve the
combined system results in comparison with each of the techniques.

In this study, the MIT-BIH arrhythmia database is used as a data source. Two datasets are used for
training; the first contains 2400 samples, as in other studies, and the second contains 600 samples, including
normal and PVC beats. Morphological features and features obtained from wavelet transform used in a
combined classifier were used afterwards, which is the combination of the most common classifiers namely
artificial neural network, SVM and KNN for PVC beat classification. Statistical significance features were
selected using the p-value approach and normalized them. The best results were obtained when combining all
three classifiers and using normalized statistical significance features. The designed hybrid system succeeded
to detect PVC beats with 98.9+0.2% accuracy, 99.0+£0.1% sensitivity, and 98.8+0.2% specificity. Also, the
efficiency of the proposed method was shown when using limited training samples. The results showed the

success of the proposed approach, specifically in comparison with other related research studies.

Keywords: Premature ventricular contraction, ECG, Morphological features, Combined classifiers
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(Figure-1): Block diagram of proposed algorithm for automatic
arrhythmia detection of premature ventricular contractions
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abnormal beats.
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(Figure-6): (a) The ECG signal of record 106 after noise
removal by the Savitzky—Golay filter, (b) Removed noise
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(Figure-9): ECG signal decomposition into 4 signals including 3
details and 1 approximation after 3 stages of discrete wavelet

transformation
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(Figure-10): Fit the grade 9 curve to the A3 approximate signal
and using its coefficients as features
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(Figure-8): Extractable features of time and amplitude of P, R,
and T waves
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(Figure-13): The p-value for each of the 20 features, the
significance level is 0.05
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(Figure-11): Extracted features from the location of P, Rand T
waves for one PVC beat.
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(Figure-12): A3 Approximation signal and fitted Grade 9 curve
for one PVC beat
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(Table-3): Comparison of the results of the classification using 2400 training data and statistical significance features

a0yl geesls oigel gesls
Test data Training data Luaib £gi
Sp Sn Ac Ac Type of classifier
97.3+0.4 98.6+£0.4 97.9+0.3 98.5+0.5 ANN
97.9+0.2 98.810.2 98.3+0.2 99.540.1 SVM
98+0.1 98.4+0.2 98.210.2 98.610.2 KNN
98.3+0.1 98.710.2 98.5+0.2 98.81£0.4 ANN+SVM
97.6+0.1 99.0+0.1 98.3+0.1 99.0+0.3 ANN+KNN
97.5+0.3 99.0£0.3 98.310.2 98.610.4 SVM+KNN
97.9+0.2 99.0+0.2 98.5+0.2 99.240.2 ALL
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(Table-4): Comparison of the results of the classification using 2400 training data and normalized statistical significance features

o903l swoesls Shyeel slaesls
Test data Training data Agdib g4
Sp Sn Ac Ac Type of classifier

97.6%0.2 98.7£0.2 98.2+0.2 99.1+0.3 ANN
98.0£0.2 98.8+0.2 98.4+0.2 99.7+0.1 SVM
98.0+0.2 99.1+0.2 98.5+0.2 99.0+0.1 KNN
97.8£0.4 99.3£0.4 98.6+£0.3 98.7£0.3 ANN+SVM
98.4+0.1 99.0£0.2 98.7£0.2 99.5+0.3 ANN+KNN
97.620.4 99.2+0.4 98.4+0.3 98.9+0.3 SVM+KNN
98.8+0.2 99.0£0.1 98.9+0.2 99.4+0.1 ALL
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(Table-5): Results obtained from the classification using 600 training data and normalized statistical significance features
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Test data Training data Suaib £gi
Sp Sn Ac Ac Type of classifier

94.340.6 95.8+0.4 95.1+£0.5 99.1+0.2 ANN
94.7£0.6 96.0+0.5 95.3+0.6 99.4+0.3 SVM
94.5+0.7 95.5+0.5 94.9+0.5 99.4+0.3 KNN
95.4+0.8 96.910.7 96.2+0.8 99.2+0.4 ANN+SVM
95.6+£0.4 97.2+0.5 96.4+0.5 99.1+0.3 ANN+KNN
95.840.6 97.0£0.6 96.4+0.7 99.3+0.2 SVM+KNN
96.6+0.4 97.9+0.3 97.2+0.4 99.7+0.2 ALL
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(Table-6): Comparison of the results of this research with the results of [14] and [22] in each records of database, the data used for
training is marked with (¥).

22] &= yo [14] & yo o293 () olos Slas OREH IS

sp Se Ac Se e sp Se Ac PVC Non-PVC  Record No.
99.55 100 99.55 100 99.43 | 99.60 100  99.69 1 2270 100
99.73 - 99.73 - 100 | 99.83 - 99.84 0 1865 101

100 65.00  99.94 100 98.81 | 99.77 75.00 99.73 4 2181 102
99.91 - 99.91 - 100 | 99.76 - 99.76 0 2083 103
99.89  40.00  99.84 EEPWHE 99.69 100 99.69 2 2225 104
96.42  98.54  96.45 100 99.30 | 98.50 97.56  98.48 41 2530 105
99.96 100 99.97 100 100 | 99.87  99.04  99.65 520 1506 106
97.35  77.63  96.81 | 96.61 9991 | 9827 81.36 97.80 59 2076 107
99.04 100 99.05 00 drmslna 99.26 100 99.26 16 1745 108
99.68 2842  98.61 100 99.96 | 99.52 7632  99.17 38 2492 109
99.95  40.00  99.93 RRESPURES: 99.86  50.00  99.84 1 2122 111
99.98 - 99.98 - 99.96 | 99.76 - 99.76 0 2537 112
98.95 - 98.95 - 100 | 99.05 - 99.05 0 1794 113
99.66  85.12  99.33 100 99.79 | 99.62 90.70  99.41 43 1834 114
99.76 - 99.76 - 100 | 99.74 - 99.74 0 1952 115
99.61 9835  99.55 | 91.74  99.50 | 99.65 98.17  99.59 109 2302 116
99.70 - 99.70 - 99.93 | 99.74 - 99.74 0 1534 117
96.20 100 96.23 100 100 | 98.10 100  98.11 16 2260 118

100 99.55  99.90 100 100 | 99.87  99.55  99.80 444 1541 119*
99.87 100 99.87 100 9599 | 99.79 100  99.79 1 1861 121
99.99 - 99.99 - 100 100 - 100 0 2474 122
98.35 100 9835 100 100 | 98.74 100  98.75 3 1513 123
99.90  46.81  98.36 PRELPWHEN 99.43 6596  98.45 47 1571 124
9838  96.11  97.66 100 98.88 | 98.87 97.83  98.54 828 1774 200¢
87.66 9273  88.18 | 9596 98.11 | 9632 9444 13.96 198 1764 201
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83.16 62.11 82.97 89.47 9859 | 9149 73.68 9133 19 2116 202
76.11 90.23 78.17 9735 98.19 | 95.10 9236 94.70 432 2532 203*
99.97 78.86 99.41 100 99.81 | 99.54 81.43  99.06 70 2584 205
63.06 89.14 64.26 PG AEVIE N 28.87 9333  87.56 105 2170 207
89.36 99.27 92.69 99.90 9292 | 96.99 96.98  96.99 992 1962 208*
97.11 100 97.11 PREAEVIE Y 97.94 100 97.94 1 3003 209
92.32 77.42 91.23 98.97 98.86 | 95.19 89.18 94.75 194 2454 210
99.93 - 99.93 - 99.82 | 99.82 - 99.82 0 2747 212
96.92 97.00 96.93 9590 96.74 | 97.06 98.18 97.14 220 3029 213
99.20 99.69 99.26 100 100 99.35 99.22 99.34 256 2004 214
99.72 95.24 99.50 88.41 98.93 | 98.87 92.07 98.54 164 3197 215
98.28 9827 9828 | 98.76 96.47 | 98.97 98.77 98.96 162 2044 217
2987  99.38 3193 | 89.06 99.40 | 63.65 98.44 64.68 64 2088 219
96.98 - 96.98 - 98.10 | 97.95 - 97.95 0 2046 220
93.21 94.55 93.43 100 100 96.06 9495 95.88 396 2029 221°
72.16 - 72.16 ERCAEVE 81.73 - 81.73 0 2479 222
9552 70.19  91.04 | 67.97 9577 | 97.68 8499 9544 473 2201 223
99.26 9746  98.94 | 99.45 98.83 | 98.40 98.07 98.34 362 1690 228*
99.72 100 99.72 100 100 99.51 100 99.51 1 2252 230
41.43 70.00 41.47 100 98.92 | 74.68 75.00 74.68 2 1564 231
85.48 - 85.48 EAPWHEN 89.94 - 89.94 0 1779 232
99.62 9475  98.30 100 99.90 | 99.29 9530 98.21 830 2246 233
99.88 80.00 99.86 100 99.38 | 99.60 66.67 99.56 3 2748 234
93.28 85.45 93.22 98.04 99.10 | 96.64 90.66  96.50 7117 102770 o
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(Figure-14): Show the accuracy of the proposed method for records No. 102, 105, 109, 208, 213, 215, 217 and 223
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