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Lossy ECG Signal Compression Based on RR Intervals Detection with Wavelet
Transform and Optimized Run-Length Encoding
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Abstract: It is expensive to transmit or store significant amounts of electrocardiogram (ECG) records, particularly
when using telecommunications channels that charge according to the volume of transferred data. The advancement of
telemedicine renders compressing ECG signals even more necessary. Compression aims to reduce the size of data while
maintaining the features of ECG signals. This paper presents a novel strategy for compressing ECG signals based on 3D
format conversion. After identifying the RR intervals, we divide the signal into cardiac cycles and proceed with the cut
and align process. A 3D discrete wavelet transform (DWT) is employed to minimize the correlation existing between
two adjacent voxels. Moreover, an optimized run-length encoding (RLE), a novel lossless compression technique, has
been proposed to increase the compression ratio (CR). The proposed strategy is applied to different types of ECG
records of the Arryyhmia database. This algorithm demonstrates improved performance in terms of CR and percentage
root-mean-square difference (PRD) compared to several recently published works.
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Figure 1 Morphology of an ECG Signal
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Figure 2 Discrete Wavelet Decomposition for one Level Of Decomposition; (a) Signal, (b) Image, and (c) Volume
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Figure 3 Compression scheme Using 1D DWT
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Figure 4 Example of the Optimized RLE (a) Initial Sequence and (b) Coded Sequence with the Optimized RLE
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Figure 5 Compression Scheme Using RR Detection with 2D or 3D DWT
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Figure 6 Steps of Detection of R Peaks
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Figure 7 Format Conversion (a) 1D/2D of 117.dat ECG Signal and (b) 1D/3D of a Set of ECG Signals
B 7 ¥, (a) 117.dat 5 ECG 155K —4/ —4EiE4, (b) —41 ECG 185 K —4k/ =4e i

. &R50#%

® 14 7 hrdE RLE. ARG 54 RLE =FEORH) CR 5 PRD #iff. ECG 55 E RGN (—
4 FIE4E, )\AILRH R AW RS 5K (PRD fH4 1.89%) « fift RLE FiL[FH CR N 7.57, ###fE RLE
FIEN 4.60, HARIIN 6.77. AT WASCHE I B TC 1 A 4% S8R i vy, Bl A A SN 3 5

DOI: https://doi.org/10.61784/mea2013 87 WAL S5 R H




TR, BB

Table 1 Comparison of Numerical Results Obtained from Three Lossless Coders

1 =R TCA A & T AR 45 R LA

LF {£4t RLE (A3) CR HARHY CR ¥+ RLE CR PRD (%)
100 8.39 7.70 5.23 221
103 7.67 7.55 4.13 2.86
109 6.30 6.18 3.82 0.81
113 8.95 7.36 4.40 3.18
117 7.26 6.46 4.84 1.49
119 6.36 6.13 3.68 2.70
121 8.20 6.43 5.99 0.55
124 7.44 6.40 4.74 1.37

TEIME 7.57 6.77 4.60 1.89
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Table 2 Compression Results for Different Mother Wavelets
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100 8.39 221 3.79 7.21 2.15 3.35 7.95 2.33 3.41
103 7.67 2.86 2.68 6.69 2.68 2.49 7.17 3.04 2.35
113 8.95 3.18 2.81 8.56 3.00 2.85 8.79 351 2.50
117 7.26 1.49 4.87 5.42 1.34 4.04 6.75 1.47 4.59
121 8.20 0.55 14.90 6.47 0.52 12.44 7.79 0.57 13.66
FH1E 8.09 2.05 5.81 6.87 1.93 5.03 7.69 2.18 5.30
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