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The Pan-Tompkins Algorithm: Filter Design
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Abstract

Basically, most of QRS-detection method can detected QRS segment well, for
example, reference [3] proposed a detection method based on derivative, this method
can detected QRS when it was appeared in ECG signal. However, this algorithm do not
detect QRS in an ongoing ECG signal, and the computation complexity of peak
searching was not easy. To deal with the problem, reference [4] proposed the same
algorithm, which was also based on derivative, to reduce the computation complexity
of peak searching. The computation complexity of peak searching proposed by [4] is
easier than peak searching in [3]. However, like [3], [4] do not detect QRS in an ongoing
ECG signal. To approach real-time detection, Pan and Tompkins [ 1] proposed their QRS
detection algorithm called Pan-Tompkins algorithm. This algorithm consisted of
filtering and fiducial mark. This algorithm could detected QRS in an ongoing ECG
signal well, and resolved the above problem well.

This report focuses on the filter design of this algorithm. In [1], the filter sampling
period is 1/200 seconds, if we changed the sampling period, the transfer function of
filter need adjusting. In this report, I will modify the transfer function to deal with that
problem. In this report, all of computer experiments were conducted in MATLAB
(2018b, MathWorks®, Inc., USA).

Keyword : QRS detection, Electrocardiogram (ECG), digital filter design.
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clc;clear;close all;

% load('d100.mat'); Fs=360;ECG=((val(1,:)-1024)/2048)*5;
Fs = 500;

fid = fopen('D:\AvdancedBiomedicalSignalProcessing\e3a.txt','r");
ECG= fscanf(fid, '%f")";

ECG=ECG(.5*500:60*500);

TF=(0:length(ECG)-1)/Fs;

figure,subplot(511);
plot(TF,ECG,'k’,'linewidth',1.5);axis([2 4 -1 2]);grid;
title('Original signal');xlabel('Time(sec.)"),ylabel('Amplitude(mV)');

Ll=round(Fs/(100/3));
al=[1,zeros(1,L1-1),-2,zeros(1,LI-1),1]*(1/120);bl=[1,-2,1];
% figure,zplane(al,bl);

% [h,w]=freqz(al,bl);

% figure,plot(w/(2*pi)*Fs,abs(h));
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ECG_L=filter(al,bl,ECG);
% figure,plot(TF,ECG_L,'k’,'linewidth’,1.5);axis([60 62 -.5 2]);grid;

Lhl=round(Fs/6.25);

ah=[zeros(1,Lhl/2) 1 -1 zeros(1,Lhl/2-1)]-(1/Lhl)*[1 zeros(1,Lhl-1) -1];bh=[1 -1];
% figure,zplane(ah,bh);

% [h,w]=freqz(ah,bh);

% figure,plot(w/(2*pi)*Fs,abs(h));

ECG_LH=filter(ah,bh,ECG_L);
subplot(512);plot(TF,ECG_LH, k', linewidth',1.5);axis([2 4 -.7 2]);grid;%bandpass
title('Banspass signal');xlabel('Time(sec.)'),ylabel('Amplitude(mV)");

ad=[-1-202 1]/8;bd=1;

% figure,zplane(ad,bd);

% [h,w]=freqz(ad,bd);

% figure,plot(w/(2*pi)*Fs,abs(h));

ECG_LHD=filter(ah,bh,ECG_LH);
subplot(513);plot(TF,ECG_LHD, k', linewidth',1.5);axis([2 4 -.7 2]);grid;
title('Differentiator signal');xlabel('Time(sec.)"),ylabel('Amplitude(mV)");

ECG_LHDS=ECG_LHD."2;
subplot(514);plot(TF,ECG_LHDS, k', linewidth',1.5);axis([2 4 -.5 2]);grid;
title('Squaring signal');xlabel('Time(sec.)"),ylabel('Amplitude(mV)");

N=Fs*.15;am= ones (1,N)/N;bm=1;

% figure,zplane(am,bm);

% [h,w]=freqz(am,bm);

% figure,plot(w/(2*pi)*Fs,abs(h));

%------------ filtermoving-window

ECG_LHDSM-=filter(am,bm, ECG_LHDS);
subplot(515);plot(TF,ECG_LHDSM, k', linewidth',1.5);axis([2 4 -.1 .5]);grid;
title('Moving-window integrator signal');xlabel("Time(sec.)'),ylabel('Amplitude(mV)');
fclose(fid);
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