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Denoising of diaphragmatic electromyogram signals using dual-threshold filtering algorithm
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Department, the First Affiliated Hospital of Guangzhou Medical University, Guangzhou 520120, China

Abstract: Given that the traditional algorithms for elimination of electrocardiogram (ECG) contamination have a poor
performance on abnormal ECG signals, a denoising algorithm for diaphragmatic electromyogram (EMGdi) signals based on
wavelet dual-threshold filtering is presented. The method constructs the detection threshold of R peak in QRS group wave
based on wavelet coefficient for accurately locating the position of the R peak, and takes the average energy on both sides of
one interference range as the threshold of this interference range for eliminating ECG contamination. Experimental results of
eliminating ECG contamination from clinical EMGdi signals show that the proposed algorithm surpasses the traditional
algorithms in interference removal, especially for weak EMGdi signals.
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Table 1 Healthy subject information

ZIRE RS /S RFE/kg HBEi/em BMIKkgem?
H1 27 73.0 177.0 233
H2 24 70.0 181.0 21.4
H3 25 65.0 172.0 22.0
H4 25 70.0 172.0 23.7
H5 25 63.0 170.0 21.8
Ho6 22 61.0 179.0 19.0
H7 20 63.0 171.0 21.6
H8 25 70.0 170.0 242
H9 26 48.0 159.0 19.0
H10 26 67.5 176.0 21.8

PPBbREYE  24.50£2.07 65.05+7.14 172.70£6.18  21.77+1.74

#2 BHREAERER

Table 2 Patient information

ZARE G5 EWS/% (RFiit/kg BFi/em BMIkgrm?
P1 48 62.3 167.4 223
P2 50 62.3 167.8 22.3
P3 61 66.4 159.3 26.3
P4 55 70.5 1723 23.8
P5 45 68.4 170.8 23.7
P6 57 65.5 162.6 25.0
P7 58 59.7 158.6 23.9
P8 63 65.3 160.4 25.5
P9 65 74.2 164.0 27.6
P10 42 63.2 166.9 229
PIRpriE 2 54.40+7.83 65784433  165.01£4.78  24.33+1.75
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Figure 1 Clinical classification of diaphragmatic electromyogram (EMGdi) signals
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Figure 2 QRS detection results of various algorithms for high SNR ECG signals
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Figure 3 QRS detection results of various algorithms for low SNR ECG signals
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Table 3 Detection rates of QRS wave under different SNR (%)

{51 He/dB MMD %3 SWT #i32: AR
50 92.48 90.52 98.82
40 90.65 89.04 98.44
30 85.24 87.39 96.42
20 78.77 84.94 96.70
10 69.94 80.12 95.91
0 65.78 70.24 95.49
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P S 56 25 L (5% 4) A A1 XFF Normal_Data {55,
] —REAR 280 4 P TR AL LS 155 A0 5000 A 2R 34
BARTE . Horp AR SO S A5 AR TR A S
SRR T e o W . FRSEEREE IR (R 5) W]
41 : X} T Abnormal_Data {55, A [ J7 1 &b B J5 1
155 I O MR A $E T, BAS SCR L Y S50 45 1
Lt WAF FIl SWT 5.3 1) S 45 5 /&, SR IAA SCHL TR
EMGdi {55 5 85515 0 A AR O/ B EMGdi {5
SRR . AR T A AR SO T X ]
FHAF- 5 e ot g (i 3 A 24, % v T B 1 /N D e o R
BOH TP X (a0 9 -2 R AR R, X fH A3 5 ECG
G5 EA M EMG 5 5528, H LA BLS 15
SR A R AT

4 7 it

AR R — B T RS E DS 1Y EMGdi {575 P
D7 AR —ABIE” TR QRS I, il ECGfF5 1)
ARSI B, LIS AR A O AR 55 55 A
(5" XTI A T AL PR . A8 SC LA IR A
SRR MR 55 T 453" Normal_Data
1 Abnormal_Data 2 , - FH TR A 4T 4 B 11

%4 Normal_Data SbI2 /5 AU R /D SAZR (Hz)
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processing (Hz)
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