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Digital filters [7|-[10]: sophisticated filter banks [7]
were designed to recognize QRS complexes in which they
analyzed the positions and magnitudes of sharp waves
and used a special digital band-pass filter to reduce the
false detection of ECG signals in the MIT-BIH database
[11]. The difference operation method (DOM) [8] scheme
including two stages was proposed: the first stage was
to find the point R by applyving the difference equation
operation to an ECG signal, then the second stage looked
for the points () and S based on the point R to find
the QRS complex. The work [9] used some special digital
filters to detect and classify ECG signal in time or fre-
quency domain. Slope- and peak-sensitive band-pass filters
were emploved for the detection [10]. The morphological
smoothing further improved its performance.

Wavelet transform (WT) [12]-[16]: the transform vields
a time-scale representation similar to the time-frequency
representation of the short-time Fourier transform (STFT)
[12], while the WT uses a set of analyzing functions
that allows a variable time and frequency resolution for
different frequency bands [13]. By the multiscale feature of
WT, the QRS complex can be distinguished from high P
or T waves, noise, and baseline drift. The dyadic discrete
WT (DWT) was usually implemented using a dyadic filter
bank where the filter coefficients were directly derived from
the wavelet function [14]. The WT based on the adaptive
threshold [15] and WT based on multi-lead ECG [16] were
evaluated on the QT database [17].

Adaptive matched filters [18]-[22]: a two-stage succes-
sive cancellation algorithm that sequentially separates
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