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 1  %% Lowpass filter for ECG signals 
 2  % 
 3  function [ y]= PowerlineLowpass ( x, Fs) 
 4   [ B, A] = butter ( 2, 28/( Fs/ 2), 'low' ); 
 5   y=filtfilt ( B, A, x); 
 6  end �

�$4�$4�$4�$4 ��	
���	
���	
���	
�" """������	�9��8��7���
��������	�9��8��7���
��������	�9��8��7���
��������	�9��8��7���
�������
����
��������
����
��������
����
��������
����
���� ���
 1  %% Multi Channel Curve Length Transformation 
 2  % This function calculate the curve length transfor mation 

of a multiple channels signal y using an analyzing window 
wt seconds wide and a sampling frequency of Fs. 

 3  % 
 4  % Use: 
 5  % [L]=mclt(y,wt,Fs) 
 6  % 
 7  % Note: The resulting curve length transformation i s 

zero-padded, keeping the original length of the sig nal. 
 8  function [ L]= mclt ( x, wt , Fs) 
 9   %% Check dimensions of signal (multi channel?) 
10   N = size ( x,1 ); 
11   n = size ( x,2 ); 
12   %% Perform L-transformation 
13   C = ( 1/ Fs)^ 2;% Scaling factor 
14  w = round ( wt * Fs);%  Width of analyzing window in 

samples 
15   L = zeros ( 1, N);%  Zeropad and allocate memory 
16   for ii = 1+w: N 
17    L( ii ) = sqrt ( sum( C+( diff ( x( ii - w: ii , 1: n))).^ 2)); 
18   end 
19  end �

�-4�-4�-4�-4  &	
���
&	
���
&	
���
&	
���
� ���
 1  %% AltDist 
 2  % Use: 
 3  %  [d]=AltDist(pos,s) 
 4  % 
 5  % AltDist calculates the alternate distance from th e 

point, pos, to the curve, s. 
 6  % Input: 
 7  %   pos : 1x2 vector with (x,y) coordinates of the 

reference point 
 8  %   s : n,2 vector with (x,y) coordinates of the cu rve. 
 9  % 
10  % Output: 
11  %   d : Alternate distance from the reference point , pos, 

to each point of the curve the curve, s. 
12  % 
13  % Alternate distance: 
14  %   d = sqrt( (s(:,2)-pos(2)).^2 - (s(:,1)-pos(1)). ^2 ) 
15  function [ d]= AltDist ( pos , s) 
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16   d = ( ( s(:, 2)- pos ( 2)).^ 2 - ( s(:, 1)- pos ( 1)).^ 2 ).^ 0.5 ; 
17  end �

�*4�*4�*4�*4  :�
?=�:�
?=�:�
?=�:�
?=�� ���
 1  %% GetQRS 
 2  % 
 3  % This function detects all heart beats of an ECG s ignal. 
 4  % 
 5  % Use: 
 6  %   [QRS]=GetQRS(x,Fs) 
 7  % 
 8  % Input: 
 9  %   x : ECG signal. Dimensions Nxn, with N = number  of 

samples and n = number of leads. 
10  %   Fs : Sampling frequency 
11  % 
12  % Output: 
13  %   QRS : Sample time for each detected heart beat.  
14  % 
15  function [ QRS]= GetQRS( x, Fs) 
16  %% Filter signal 
17  xf =PowerlineLowpass ( x, Fs); 
18  %% Calculate the length transformation 
19  wt = 0.13 ;% Length of analyzing window for curve 

length transformation is 130 ms 
20  LT = mclt ( xf , wt , Fs);%  Calculate the curve length 

transformation (multi channel supported) 
21  %% Set threshold to 60% of the maximum of LT 
22  T = max( LT)* 0.6 ; 
23  %% Find the major upward slope of the LT 
24  I = find ( diff ( T < LT) == 1)+ 1; 
25  % Set QRS annotation af the maximum of std(x) close  to 

the detection 
26  sx = std ( xf .'); 
27  QRS = zeros ( 1, length ( I ));%  Allocate memory 
28  wt1 = - 50;% -50 ms 
29  wt2 = 100 ;% 100 ms 
30  ws1 = round ( wt1 / Fs* 1000 ); 
31  ws2 = round ( wt2 / Fs* 1000 ); 
32  for ii =1: length ( I ) 
33  I1 = max([ 1 I ( ii )+ ws1]); 
34  I2 = min ([ I ( ii )+ ws2 length ( sx )]); 
35  [~, index ] = max( sx ( I1 : I2 )); 
36  QRS( ii ) = index +I1 - 1; 
37  end 
38  end �

�+4�+4�+4�+4 :�
?��:�
?��:�
?��:�
?��� ���
 1  %% GetQon 
 2  % 
 3  % This function detects Qon for the middle heart be at of 

an ECG signal. 
 4  % 
 5  % Use: 
 6  % [Qon]=GetQon(x,Fs,QRS) 
 7  % 
 8  % Input: 
 9  % x : ECG signal. Dimensions Nxn, with N = number o f 

samples and n = number of leads. 
10  % Fs : Sampling frequency 
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11  % QRS : Vector containing the sample times for each  QRS 
complex. 

12  % 
13  % Output: 
14  % Qon : Sample time of Qon for the middle heart bea t. 
15  % 
16  function [ Qon]= GetQon( x, Fs, QRS) 
17  % Filter 
18  xf = PowerlineLowpass ( x, Fs); 
19  % Calculate SAD 
20  sad = [ 0 sum( abs ( diff ( xf )).')];%  Zero pad to adjust 

time 
21  % Select middle (left) beat 
22  n = round ( length ( QRS)/ 2); 
23 
24  % Initialize search window size 
25  wt = 200 ;% Search window in ms 
26  ws = wt * Fs/ 1000 ;% Search window in samples 
27 
28  % Create time vector and signal vector 
29  t = ( 0: ws)./ ws; 
30  s = sad ( QRS( n)- ws: QRS( n)); 
31  s = s./ max( s); 
32  % Find Qon 
33  d = AltDist ([ 1 1 ],[ t ; s ].'); 
34  [~, I ] = max( d); 
35  Qon = QRS( n) - ws + I - 1; 
36  end �

�,4�,4�,4�,4  :�
F�

:�
F�

:�
F�

:�
F�

� ���
 1  %% GetJoff 
 2  % 
 3  % This function detects Joff for the middle heart b eat of 

an ECG signal (single lead). Joff is J for a normal  QRS 
complex, the end of J-wave for a QRS complex with E R in 
the form of a J-wave and the end of a slur for a QR S 
complex with ER in the form of slurring. 

 4  % 
 5  % Use: 
 6  % [Joff]=GetJoff(x,Fs,QRS) 
 7  % 
 8  % Input: 
 9  % x : ECG signal. Dimensions Nx1, with N = number o f 

samples. 
10  % Fs : Sampling frequency 
11  % QRS : Vector containing the sample times for each  QRS 

complex. 
12  % 
13  % Output: 
14  % Joff : Sample time of Joff for the middle heart b eat 
15  % 
16  function [ Joff ]= GetJoff ( x, Fs, QRS) 
17  % Filter 
18  xf = PowerlineLowpass ( x, Fs); 
19  % Calculate SAD 
20  sad = sum( abs ( diff ( xf )).'); 
21  % Select middle (left) beat 
22  n = round ( length ( QRS)/ 2); 
23 
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24  % Set window start and end (from middle QRS to +300  
ms) 

25  ws = round ( 0.3 * Fs); 
26  w1 = QRS 
27  w2 = QRS+ws 
28 
29  % Create window 
30  z = sad ( w1: w2); 
31  z = z./ max( z); 
32  t = ( 0: ws)./ ws; 
33 
34  % Find end of QRS 
35  d = AltDist ([ 0 1 ],[ t ; z ].'); 
36  [~, I ] = max( d); 
37  Smin = QRS + I - 1; 
38 
39  % Set window to find Smax 
40  wt2 = ( Smin- QRS)* 0.5 ;% 
41  ws2 = round ( wt2 ); 
42 
43  % Set Smax 
44  [~, I ] = max( sad ( Smin- ws2: Smin)); 
45  Smax = Smin- ws2+I - 1; 
46 
47  % Set threshold to 25% of the difference between th e 

max and min points 
48  T = ( sad ( Smax)- sad ( Smin))* 0.25 +sad ( Smin); 
49  I = find ( diff ( sad ( Smax: Smin) > T) == - 1, 1)+ 1; 
50  % Joff is at the sample time where this threshold i s 

exceeded. 
51  Joff = Smax+I - 1; 
52  end �

� 4� 4� 4� 4  :�
��

:�
��

:�
��

:�
��

� ���
 1  %% GetToff 
 2  % 
 3  % This function detects Toff for the middle heart b eat of 

an ECG signal. 
 4  % 
 5  % Use: 
 6  % [Toff]=GetToff(x,Fs,QRS) 
 7  % 
 8  % Input: 
 9  % x : ECG signal. Dimensions Nxn, with N = number o f 

samples and n = number of leads. 
10  % Fs : Sampling frequency 
11  % QRS : Vector containing the sample times for each  QRS 

complex. 
12  % 
13  % Output: 
14  % Toff : Sample time of Toff for the middle heart b eat 
15 % 
16  function [ Toff ]= GetToff ( x, Fs, QRS) 
17   % Filter 
18   xf = PowerlineLowpass ( x, Fs); 
19   % Calculate SAD 
20   sad = sum( abs ( diff ( xf )).'); 
21   % Select middle (left) beat 
22   n = round ( length ( QRS)/ 2); 
23   % Calculate duration between middle beat and next b eat 
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24   RR = QRS( n+1)- QRS( n); 
25 
26   % Set window start and end 
27   w1 = round ( QRS( n)+ 0.2 * RR); 
28   w2 = round ( QRS( n)+ 0.7 * RR); 
29 
30   % Max of SAD inside the window is the maximum slope  of 

the downward T-wave. 
31   [~, I ]= max( sad ( w1: w2)); 
32   maxS = I +w1- 1; 
33 
34   % Create a 200 ms window to the right of maxS 
35   z=sad ( maxS: maxS+round ( 0.2 * Fs)); 
36   t = ( 0: length ( z)- 1)/( length ( z)- 1); 
37  % Normalize 200 ms window to a [0 1] square window and 

find the sample time for the maximum of the alterna te 
distance. 

38   d = AltDist ([ 0 1 ],[ t ; z ./ sad(maxS) ]); 
39   [~, I ] = max( d); 
40   minS = maxS + I - 1; 
41 
42  % Set threshold to 25% of the difference between th e 

max and min points 
43   T = ( sad ( maxS)- sad ( minS))* 0.25 +sad ( minS); 
44   I = find ( diff ( sad ( maxS: minS) > T) == - 1, 1)+ 1; 
45  % Toff is at the sample time where this threshold i s 

exceeded. 
46   Toff = maxS+I - 1; 
47  end 
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