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Analysis of QRS—wave Using Wavelet Transform of Electrocardiogram
C.H.Choi Y.J Kim T.H Kim Y.H Ahn D, R, Shin

The electrocardiogram (ECG) measurement system consists of I/O interface to input the ECG signals from two electrodes,
FPGA (Field programmable gate arrays) module to process the signal conditioning, and real time module to control the
system. The algorithms based on wavelet transform were developed to remove the noise of the ECG signals and to deter-
mine the QRS-waves. Triangular wave tests were conducted to determine the optimal factors of the wavelet filter by
analyzing the SNRs (signal to noise ratios) and RMSEs (root mean square errors). The hybrid rule, soft method, and symiets
of order 5 were selected as thresholding rule, thresholding method, and mother wavelet, respectively. The developed wavelet
filter showed good performance to remove the noise of the triangular waves with 10.98 dB of SNR and 0.140 mV of
RMSE.

The ECG signals from a total of 6 subjects were measured at different measuring postures such as lying, sitting, and
standing. The durations of QRS-waves, the amplitudes of R-waves, the intervals of RR-waves were analyzed by using the
finite impulse response (FIR) filter and the developed wavelet filter. The wavelet filter showed good performance to
determine the features of QRS-waves, but the FIR filter had some problems to detect the peaks of Q and S waves. The
measuring postures affected accuracy and precision of the ECG signals. The noises of the ECG signals were increased due
to the movement of the subject during measurement. The results showed that the wavelet filter was a useful tool to remove
the noise of the ECG signals and to determine the features of the QRS-waves.

Keywords : Electrocardiogram, Wavelet, QRS duration, R amplitude, RR interval
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Fig. 1 Typical ECG signal.
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Table 1 Specifications of ECG measurement system

Module Function

- 16 channel, +£10 V input range

VO interface - 250 kS/s sampling rate, 16 bit resolution

FPGA - 8 slot, 3 MS/s gate reconfigurable FPGA
Real time - 400 MHz real time embedded controller
processor - 100 Mbps ethernet, USB/RS232 port
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Fig. 4 A signal for triangular wave test.
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Fig. 3 Mother wavelet. (a): daubechies 1, (b): coiflet 1, (c): symlets 2
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Table 2 Experimental condition of triangular wave tests for wavelet transform
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Table 3 Optimal factors of wavelet filter for ECG signal using triangular wave tests

J. of Biosystems Eng. Vol. 33, No. 5.

(Thresholding method = soft)

Filter Thresholding rule Mother wavelet SNR (dB) RMSE (mV)
daubechies 10 8.97 0.190
minimax coiflet 4 9.01 0.187
symiets 5 9.11 0.191
daubechies 10 10.19 0.170
SURE coiflet 4 10.30 0.167
symlets 5 10.70 0.155
Wavelet daubechies 10 10.21 0.169
hybrid coiflet 4 10.33 0.163
symlets S 10.98 0.140
daubechies 10 10.20 0.170
universal coiflet 4 10.31 0.168
symlets 5 10.65 0.158
Average 10.08 0.170
Raw signal = SNR: 9.08, RMSE: 0.203
FIR filter = SNR: 7.10, RMSE: 0.255
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Fig. 5 Results of triangular wave tests for ECG signals.
(a). triangular wave with noise signal, (b): with FIR filter, (c): with Wavelet filter
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Fig. 6 Results of noise reductions for ECG signals. (a): Raw signal, (b): with FIR filter, (c): with Wavelet filter
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Table 4 QRS durations at different measuring postures with FIR and Wavelet filter

J. of Biosystems Eng. Vol. 33, No. 5.

Posture
Filter Subject Lying Sitting Standing
Mean (ms) CV* (%) Mean (ms) CV (%) Mean (ms) CV (%)
i 58 11.2 54 104 59 12.8
2 64 10.7 63 12.8 63 124
3 56 10.5 53 11.6 56 11.9
FIR 4 55 12.1 66 12.4 54 134
5 60 8.9 59 10.7 61 10.2
6 61 1.4 58 11.1 58 11.8
Average 59 10.8 59 11.5 59 121
1 65 23 66 22 63 3.1
2 68 2.1 70 2.1 67 2.8
3 60 2.0 60 2.1 61 2.7
Wavelet 4 63 2.4 65 24 62 34
5 67 2.5 69 23 65 29
6 68 2.5 68 2.7 70 3.0
Average 65 2.3 66 2.3 65 3.0
CV: Coefficient of variation
$3 340) FF5aR e ¢+ Uk A WAE 4 % 4
AR & AA R ek ApAlellA tha: & W AT ¥
& Bolu gloH, dod AN REAT7t 71 E4 2) Ruje| &E
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veht A= 54 Al dold AAlelM 74 & TS &
Baka Q52 @ & Qv AR dolER HeAZ] dHi:
71E) 2] ol HSE FE HEA IHEY BE Y 4
Al e ARE AlE Bl QRS 71739 REo] Thedhe
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Table 5 Amplitudes of R-waves at different measuring postures by FIR and Wavelet filter

A HE o} e fo)ER FeAA E

ApA, dofad 2pAEE RS

Posture
Filter Subject Lying Sitting Standing
Mean (mV) CV* (%) Mean (mV) CV(%) Mean (mV) CV (%)

1 2.77 7.6 2.79 7.7 2.84 9.2
2 2.79 84 2.81 83 2.88 9.9
o3 2.81 83 2.85 8.5 2.93 10.2
FIR 4 2.99 7.9 3.01 7.8 3.04 11.5
5 2.71 7.8 273 7.6 2.76 9.7
6 2.80 9.5 2.84 9.6 2.94 10.5
Average 2.81 83 2.84 83 2.90 10.2
1 2.78 26 2.79 2.5 2.83 31
2 2.76 2.1 2.80 23 2.86 26
3 2.83 1.9 2.85 2.0 2.90 32
Wavelet 4 3.01 2.8 3.05 24 3.04 2.8
5 2.73 2.5 2.84 2.6 2.89 29
6 2.74 2.4 2.77 2.5 2.85 35
Average 2.81 24 2.85 24 2.90 3.0

CV: Coefficient of variation
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Table 6 RR-waves intervals at different measuring postures by FIR and Wavelet filter

Posture
Filter Subject Lying Sitting Standing
Mean (ms) CV (%) Mean (ms) CV (%) Mean (ms) CV (%)

1 745 6.8 741 6.8 746 7.5
2 961 64 952 6.6 965 7.1
3 855 7.8 845 7.9 848 8.5
FIR 4 764 84 761 8.4 762 9.1
5 913 73 908 7.5 915 82
6 844 7.1 833 7.2 840 7.8
Average 847 7.3 840 74 846 8.0
1 769 1.9 754 2.2 775 2.6
2 963 24 943 2.6 966 3.1
3 856 2.1 844 2.1 859 2.5
Wavelet 4 784 2.4 765 1.9 764 37
5 914 24 899 24 896 34
6 850 23 842 25 846 29
Average 856 23 841 23 851 3.0
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