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Detection of Premature Ventricular Contraction Using Discrete
Wavelet Transform and Fuzzy Neural Network

Hyoung Jong Jang*, Joon Shik Lim"

ABSTRACT

This paper presents an approach to detect premature ventricular contraction(PVC) using discrete
wavelet transform and fuzzy neural network. As the input of the algorithm, we use 14 coefficients of
d3, d4, and d5, which are transformed by a discrete wavelet transform(DWT). This paper uses a neural
network with weighted fuzzy membership functionsINEWFM) to diagnose PVC. The NEWFM discussed
in this paper classifies a normal beat and a PVC beat. The size of the window of DWT is —31/360~ +32/360
second(64 samples) whose center is the R wave. Using the seven records of the MIT-BIH arrhythmia
database used in Shyu’s paper, the classification performance of the proposed algorithm is 99.91%, which
outperforms the 97.04% of Shyu’s analysis. Using the forty records of the MIT-BIH arrhythmia database
used in Inan’s paper, the classification performance of the proposed algorithm is 98.01%, which outper-
forms 96.85% of Inan’s one. The SI and SP of the proposed algorithm are 84.67% and 99.39%, which
outperforms the 82.57% and 98.33%, respectively, of Inan’s study.
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2.1 ojat sllolE3! Bi#H Discrete Wavelet Transform)
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Step 1 : Read Data X; // Data Input
Step 2 : Detect QRS; // [15](16]
if(DetectQRS(X;))
Case Detect QRS :t = i;
Go to Step 3;

Case Not Detect QRS :
Repeat Step 1;
Step 3 : Set Windows
Y; = {Xiay, Xeso, =, X, o, Xiear, Xes2)s
Step 4 : Calculate Discrete Wavelet Transform
// Using Haar
Output : Level 3. detail - 8 coefficients
Level 4. detail - 4 coefficients
Level 5. detail ~ 2 coefficients
Step 5 : Test NEWEFM // see 2.2 NEWFM
// using BSWEM (see fig 8)
Input : 14 coefficients
Output : ‘Normal’ or ‘PVC’// classifier
Step 6 : Repeat Step 1.
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EZ 1. Shyu &3F (MIT-BIH R cfo|e{H|o|~)

#lZ=| NOR | PVC |LBBB|RBBB| APC | 3
111 - 1 2123 | - - | 2124
15 | 1953 | - - - - 1953
116 | 2302 | 109 - - 1 2412
119 | 1543 | 444 - - - 1987
221 | 2031 | 396 - - - | 2427
230 | 2255 | 1 - - - | 2256
231 | 314 2 - 1254 1 1571
A 110398 | 953 | 2123 | 1254 2 | 14730

A TP TN EP FN
111 2122 0 1 1
115 1953 0 0 0
116 2303 106 3 0
119 1543 444 0 0
221 2031 389 7 0
230 2255 0 1 0
231 1569 2 0 0
) 13776 941 12 1

¥ 3. Shyulle] ERMs H|T

SE(%) SP(%) Accuracy(%)

Pgi=
Shyu [NEWFM| Shyu [NEWFM| Shyu [NEWFM

111 | 100 0 80.55] 99.95 |80.56| 99.91

115 | - - 99.90| 100 99.9 100

116 |9541| 9725 |99.69| 100 199.49| 99.88

119 | 100 100 100 100 100 100

221 19874 9823 (9960 100 |99.38| 99.71

230 | 100 0 9996 100 |99.96| 99.96

231 | 100 100 100 100 100 100

A1 199.02| 9874 |96.67| 99.99 [97.04| 9991
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B 4. Z7RMsE FHoh g3eglFE el 4nied nanziel EHAME HIT
I Beat NEWEFM SE(9) SP(%) Accuracy(%)
Normal | PVC TP TN FP FN Inan INEWFM| Inan NEWFM| Inan [NEWFM

100 2,239 1 2239 i 0 0 100 0 100 100 100 100
101 1,860 - 1860 0 0 0 - 99.84 100 99.84 100
102 99 4 99 4 0 0 ) 100 2027 100 29.12 100
103 | 2,082 - 2082 0 0 0 - - 100 100 100 100 )
104 163 z2 161 1 1 2 50 50.00 76.69 98.77 76.37 98.18
105 | 2576 41 2482 © 35 44 4.88 1463 94.69 98.26 93.26 96.92
106 1,507 520 1506 295 225 ] 89.81 56.73 9927 | 99.93 96.84 | 8885
107 - 59 0 59 0 4] 94.92 100 - - 94.92 160
109 - 38 0 35 3 0 6579 | 92.11 - 6579 1 92.11
112 2,537 - 2534 0 0 3 - 99.64 96.88 99.64 99.88
113 1,789 1789 0 0 0 - - 98.26 100 98.26 100
114 1,820 43 1814 43 0 6 100 100 93.56 99.67 93.71 99.68
115 1,953 - 1953 0 0 0 - 100 100 100 100
116 2,302 109 2301 106 3 1 7798 97.25 99.30 99.96 98.34 99.83
118 - 16 0 10 6 0 43775 | 62.50 - - 4375 | 62.50
119 1,543 444 1543 444 0 0 100 100 100 100 100 100
121 1,861 1 1860 1 i 100 100 99.35 99.95 99.35 99.95
122 | 2476 2466 0 10 - - 100 99.60 100 99.60
123 1,515 3 1515 2 0 33.33 66.67 100 100 99.87 99.93
200 1,743 326 1711 791 35 32 93.94 95.76 99.20 93.16 9751 97.39
201 1,625 198 1625 1 197 0 87.88 051 99.69 100 98.41 89.19
202 | 2,061 19 2061 0 19 0 89.47 0 99.76 100 9967 | 99.09
203 2,529 444 2270 424 20 259 91.89 95.50 86.34 838.76 87.17 90.62
206 | 2,571 71 2571 69 2 0 100 97.18 99.84 100 99.84 99.92
208 1,586 992 1583 975 17 3 99.09 98.29 98.86 99.81 98.95 99.22
210 2,423 194 2417 158 36 6 85.05 81.44 97.73 99.75 96.79 98.40
212 923 - 923 0 0 0 - 99.02 100 99.02 100
213 2,641 220 2639 217 3 2 43.18 98.64 100 99.92 §5.63 99.83
214 - 256 0 233 23 Q 4766 | 91.02 - - 4766 ¢ 91.02
215 3,196 164 3187 132 32 9 3.05 80.49 99.66 99.72 94.94 98.78
217 244 162 244 149 13 0 91.98 91.98 96.31 100 94.58 96.80
219 2,082 64 2081 56 8 1 75.00 87.50 99.71 99.95 98.97 99.58
220 1,954 - 1953 0 0 1 - 100 99.95 100 99.95
221 2,031 396 2031 356 40 0 99.49 89.90 100 100 99.92 98.35
223 2,028 473 2023 187 286 6 40.38 39.53 99.85 99.70 38.6 88.33
228 1,688 362 1673 306 56 15 37.85 84.53 97.92 99.11 96.14 96.54
230 2,255 1 2263 1 0 2 100 100 97.69 99.91 97.69 99.91
231 314 2 314 2 0 0 100 100 100 100 100 100
233 2,230 831 2224 826 5 6 82.77 99.40 95.42 99.73 91.99 99.64
234 2,700 3 2700 2 1 0 100 66.67 99.96 100 99.96 99.96
A | 67097 | 6959 | 66687 | 5892 1067 410 8257 | 8467 19833 | 9939 | 9685 | 98.01
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