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Abstract:

The R-peak detection in the ECG signal is very crucial as a preliminary step before
subsequent analysis for inexpensive and noninvasive medical applications. The R-peak
detection algorithm is composed of two main steps: preprocessing and beat detection. The
objective of this research project is to develop a computer-based algorithm for automatically
detecting R peaks in the ECG signal. The main focus of this work is the noise removal in
preprocessing operation based on advanced signal processing methods, i.e. the quadratic
filter and the wavelet transform. Results show that the quadratic filter is successful in
improving QRS signal to noise ratio for some challenging situations such as low amplitude
QRS complex corrupted by baseline drift and a variety of abnormal morphologies. Using a
single fixed threshold without additional post-processing techniques in beat detection step,
the QRS detection algorithm can achieve the detection error rate of 0.38% validated with 48
records of ECG signals from the MIT-BIH arrhythmia database. To improve QRS detection
accuracy, we develop the QRS detection algorithm employing the efficient cascade of two
combination steps, i.e., the Mexican hat wavelet function and the maximal filter. Results
show that the Mexican hat wavelet function at scale 3 can significantly enhance QRS signal
to noise ratio in preprocessing step. The subsequent beat detection step based on the
maximal filter at the length of 195 ms is able to significantly reduce FP detections. Using a
single threshold without any additional post-processing techniques, the proposed algorithm
can achieve detection error rate of 0.27%. To obtain better detection accuracy, the use of
separable band and the dual-band wavelet transforms in preprocessing step and/or adaptive
thresholding techniques in beat detection step may allow us for better detection accuracy in

the QRS detection algorithm.

Keywords: Electromyography (ECG), ECG beat detection, Signal processing, QRS detection,

Quadratic filter, Wavelet transform
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