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M15190 4.1 LAAINAVBINIIWUNYAAD (ANATBUAUN 1)

Case of Identified Result
Classes Owner Stranger FR(%)
Training Process
Type | [1 [ [1 | [1
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0
Testing Process
Type [ [1 I I1 I 11
Sit 5 4 S 1 0 20 0
Stand 5 5 4 0 l 0 20
Lie down 5 3 4 2 1 40 20
morning 5 5 5 0 0 0 0
afternoon 5 3 5 2 0 40 0
evening 3 8 5 0 0 0 0
Stranger 30 2 0 28 30 6.67 0.00
Total 60 27 28 33 32 11.67 3.33




MI519N 4.2 HARINAVBINITIMUNYARD (AnAdeauALT 2)

Case of Identified Result
Classes Owner Stranger FR(%)
Training Process
Type | I1 | [1 I I1
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0
Testing Process
Type I | o | 1 || 1 |mn
Sit 5 5 5 0 0 0 0
Stand 5 5 5 0 0 0 0
Lie down 5 5 5 0 0 0 0
morning 5 5 5 0 0 0 0
afternoon 5 5 5 0 0 0 0
evening 5 3 - 0 1 0 20
Stranger 30 6 0 24 30 20.00 0.00
Total 60 36 29 24 31 10.00 1.67
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M3199 4.3 HAAIWAVOIN ST UUNYAAA (ANATOUALT 3)

Case of Identified Result
Classes Owner Stranger FR(%)
Training Process
Type | I1 I [1 I [
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0
Testing Process
Type I I1 I [1 I [1
Sit 5 5 5 0 0 0 0
Stand 5 5 5 0 0 0 0
Lie down 5 5 5 0 0 0 0
moming 5 5 5 0 0 0 0
afternoon 5 5 3 0 0 0 0
evening 5 5 5 0 0 0 0
Stranger 30 1 I 29 29 3.33 3.33
Total 60 31 31 29 29 1.67 1.67




ﬂ]‘ﬂ»‘l‘ﬁ 4.4 LLﬁﬂJNﬁ‘U@Qﬂﬁ‘ﬁ'lllliﬂ‘ljﬂﬂﬁ (éﬂﬂﬁﬂﬂﬂﬂﬁ 4)

Case of Identified Result
Classes Owner Stranger FR(%)
Training Process
Type I | nm | 1 | 1 [ | 1
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0
Testing Process
Type I | 10| 1 | 1 | 0
Sit 5 5 5 0 0 0 0
Stand 5 5 5 0 0 0 0
Lie down 5 5 5 0 0 0 0
morning S 5 5 0 0 0 0
afternoon 5 5 3 0 0 0 0
evening 5 5 5 0 0 0 0
Stranger 30 1 0 29 30 3.33 0.00
Total 60 31 30 29 30 1.67 0.00




M15197 4.5 LAAIHAVDINTDUUNYANA (ANATOUAUN 5)

Case of Identified Result

Classes Owner Stranger FR(%)

Training Process

Type I I1 [ [ I I
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0

Testing Process

Type I [1 | [1 | I1
Sit 5 5 5 0 0 0 0
Stand 5 5 5 0 0 0 0
Lie down 5 5 3 0 0 0 0
morning 5 5 5 0 0 0 0
afternoon 5 5 5 0 0 0 0
evening 5 5 5 0 0 0 0
Stranger 30 2 2 28 28 6.67 6.67
Total 60 32 32 28 28 3.33 3.33




M1319N 4.6 HAAIHAYDINTTIUNYAAA (éﬂﬂﬂﬂﬂﬂu‘ﬁ 6)

Case of Identified Result

Classes Owner Stranger FR(%)

Training Process

Type I [1 | I1 I [
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0

Testing Process

Type I | o | 1 [ 1 [l
Sit 5 5 5 0 0 0 0
Stand 5 5 4 0 1 0 20
Lie down 5 3 5 0 0 0 0
morning 5 5 5 0 0 0 0
afternoon 5 5 5 0 0 0 0
evening 5 5 4 0 1 0 20
Stranger 30 4 2 26 28 13333 6.67
Total 60 34 30 26 30 6.67 6.67




M990 4.7 LARIWAYDINITDIUNYANA (ANATOUAUT 7)

Case of Identified Result

Classes Owner Stranger FR(%)

Training Process

Type | [1 | I1 | [
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0

Testing Process

Type [ o | 1 | ol 1 | n
Sit 5 5 5 0 0 0 0
Stand 5 5 5 0 0 0 0
Lie down 5 5 4 0 1 0 20
morning 5 5 5 0 0 0 0
afternoon 5 5 5 0 0 0 0
evening 5 4 5 1 0 20 0
Stranger 30 0 0 30 30 0.00 0.00
Total 60 29 29 31 31 1.67 1.67




M3199 4.8 LAAIHAVDINIIWUNYAAD (ANATOUAUN 8)

Case of Identified Result
Classes Owner Stranger FR(%)
Training Process
Type I | o | 1 || 1 |n
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0
Testing Process
Type I o | 1 o1 |1
Sit 5 & B 0 1 0 20
Stand 5 4 5 1 0 20 0
Lie down 5 4 4 1 1 20 20
morning 5 3 4 2 1 40 20
afternoon 5 5 5 0 0 0 0
evening 5 4 4 1 1 20 20
Stranger 30 1 1 29 29 333 3.33
Total 60 26 27 34 33 10.00 8.33

h



M13199 4.9 LAAIHAVDINTTIUNYANES (ANATOVAUTN 9)

Case of Identified Result

Classes Owner Stranger FR(%)

Training Process

Type [ [1 [ I1 I I1
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0

Testing Process

Type [ | o | 1 [ o | 1 |m
Sit 5 5 5 0 0 0 0
Stand 5 5 5 0 0 0 0
Lie down 5 5 5 0 0 0 0
morning 5 5 5 0 0 0 0
afternoon 5 5 5 0 0 0 0
evening 5 - 5 1 0 20 0

Stranger 30 1 0 29 30 3.33 0.00

Total 60 30 30 30 30 3.33 0.00




A1319N 4.10 LAAIHAVDIN S WUNYARA (HNATBUAUN 10)

Case of Identified Result

Classes Owner Stranger FR(%)

Training Process

Type I I1 I I1 I [
Owner 20 20 20 0 0 0 0
Stranger 45 0 0 45 45 0 0
Total 65 20 20 45 45 0 0

Testing Process

Type I o | 1 | ol 1 |n
Sit 5 5 5 0 0 0 0
Stand 5 5 5 0 0 0 0
Lie down 5 5 5 0 0 0 0
morning 5 5 5 0 0 0 0
afternoon 5 5 3 0 0 0 0
evening 5 5 5 0 0 0 0

Stranger 30 2 0 28 30 6.67 0.00

Total 60 32 30 28 30 3.33 0.00
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%%%%"% Input Signal Realtime %%%%%
Me Save=uimenu(figure(1).'Label','Save'.'CallBack’.'fcn="MnuSavc":"):
Me Exit=ummenu(figure(1),'Label'.'Exit".'CallBack".'fcn="MnuExit"");
Al = analoginput('winsound'): %N THUAIRONFDY Soundcard

chan = addchannel(AIl);

duration = 2; %N IHUATZHZIIA)
set(Al'SampleRate’,8000) ; %A1 UA samplerate
ActualRate = get(Al,'SampleRate');
set(Al'SamplesPerTrigger',duration*ActualRate)

preview = duration*ActualRate/800;

subplot(321);

set(gcf,'doublebuffer’,'on’)
p=plot(zeros(preview,1),'r');
axis ([0 1 -2 2]);
grid on
fen=";
while(1)
switch fen
case 'MnuSave'
Runl=0
[newfile,newpath]=uiputfile(['\* wav'],'save file name');
wavwrite(clean2,22050,[newpath newfile]);
[newfile,newpath]=uiputfile(['\*,wav'],'save file name');
wavwrite(clean1,22050,[newpath newfile]);
Runl=1
fen=";
case 'MnuExit’
if stremp(get(Al'Running'),'on’)
stop(Al);
end
delete( Al):

clear Al



close all
break;
fen=":

end

start(Al) vl Tysunsu
while Al.SamplesAcquired < preview
end
while Al.SamplesAcquired < duration*ActualRate
data = peekdata(Alpreview);
set(p,'ydata',data)
drawnow

end

data = getdata(Al);

subplot(322),plot(data,'r');

axis ([0 800 -2 2]);

grid on

title('All Acquired Data')

ps_fft = fft(data); Y%Frequency Domani
ps_abs = abs(ps_fft);

subplot (3,2.3);

plot (ps_abs);

axis ([0 1800 0 500]);

%% %% %% %% % %% %% Filter && & & & & & & & & & &

fs = 2000;
fHz0 = [0 50 70 1000]; % LowPass Filter

ml0=[1100];



f0 = fHz0/(fs/2);

[bl.al] = yulewalk(6 , {0 . ml0);

fHzOh=[0 210 220 1000]; % Highpass Filter
mhO=[0011];
fOh=tHz0h/(fs/2);

[bh,ah] = yulewalk(6 . fOh . mh0):

fHz1 = hnspace(0,fs/2,50);

oml = 2*pi*fHzl;

z = explsqrt(-1)*om1/fs);

ml = abs(polyval(bl,z)./polyval(al,z));

mh = abs(polyval(bh,z)./polyval(ah,z));
%subplot(3,3,4),plot(fHz0,m10,fHz1,ml);
Y%subplot(3,3,5),plot(fHzOh,mh0,fHz1,ml);
yl = filter(bl.,al.data);

y2 = filter(bh,ah,data).

clean2 = wden( y|.'heursure’,'s'one",5,'sym8");

subplot(3,2,5),plot( clean2 );
title(PHONOCARDIOGRAM');
%osubplot(3,3,7),plot(y2);

%title("highpass filter')

20%%%%%%%% %% % % %% % %% % %% %% % Demod %% % % %% % % % % %% % % % %

% X=ademod(y2,1000,2500.'amdsb-sc');

% subplot(3.3.8),plot(X):

y3=abs(y2):

Wp1=200/8000;Ws1=250/8000;
Rp1=3:Rs1=15;
[n1,Wnl]=cheblord(Wpl,Wsl,Rpl.Rsl)
[bl,al]=chebyl(nl,Rpl,Wnl);

69



yl1 = filterbl,al,y3);

%fHz01 = [0 80 100 1000]:
%ml0l = [1100];
%101 = fHz01/(fs/2):
%I[bl1,al1] = yulewalk(6 , f01 , mlO1);
%tHz11 = linspace(0,fs/2,50);
%oml1 = 2*pi*fHzl 1
%zl = exp(sqrt(-1*om1 1/fs);
%mll = abs(polyval(bl1,z1)./polyval(al l.z1)):
%y 11 = filter(bl 1,al1,y3);
cleanl = wden( y11,'heursure','s','one",7,'sym8');
subplot(3,2,6),plot(cleanl);
title(' ELECTROCARDIOGRAM');
px_fft = fft(y3);
px_abs = abs(px_fft);
subplot(3,2,4),plot(y3);

end

2% %% % %% %% %0 %% % %% % % % % % % % % % % % % % % %



% Main Opentfile, Cut to one period, normalize and save
cle

clear all

a=l;

fori=1:15

[x1]=OpenFile(a);

[y1]=Cut to one period(x1);

[z1]= normalize signal(y1);

[OutP]=Save signal(zl);

End



function [sig]=OpenFile(a)
[filename3.pathname]-uigetfile([\*. wav'] 10 Inddyanundudonialaidoanis);
if isequal([filename3.pathname],[0,0])

stopit==0);

clse

[sig.sr,bit]=wavread([pathname filename3]);

end

a=l;



function [OutP]=Cut to one period(InP)
Yosig = sig*(-1);

%A=input('Do you want to use this signal?');

%1t A=="yes'
tigure
plot(InP);grid

% tind the period of the signal and cut it in one period.

[x,y] = ginput(3);% Get the ECG signal

x1 = round(x(1)); %First point of one period.

x2 = round(x(2));% the last point of one period.
x3 = round(x(3));% The First point of the signal.
x4 = abs(x2-x1);% length of one period of the signal.
x = InP(x3:x3+x4);% signal

OutP=x;

% subplot(2,1,1)

% plot(x)

% title('ORIGINAL SIGNAL')

% grid

% subplot(2.1,2)

% plot(y(1:6000));

% title((NORMALIZED SIGNAL')

% xlabel('n")

% grid

~

(]



function[y]= normalize signal(x)

xmax = max(abs(x)):

X = X./Xxmax;

X = ffi(x);

N = length(X);

fs = 8000; Y% fs is recorded sampling rate
T = 1/fs; % sampling time

K =[0:1:N-1]*(fs/N); % digital frequency

% This ECG signal will be normalized to that of at heart rate 80
% times/minute --> 1 time uses 0.75 seconds
% If signal recorded at any rate is sampled at fs Hz --> | second contains fs samples

% then for heart rate 80 times/minute : it contains 0.75*fs samples

ni = 0.75*fs; % 1 period interested data sample at fs = 8000, heart rate = 80
ni = round(ni);
n = ni/N; % determine scale : n > | --> recorded rate < at rate 80

Yo n < 1 --> recorded rate > at rate 80

t = [0:1:16000-1]*T/n; % new step time

Ni = round(N/80): % interested digital frequency (for ECG signal)
y =0:
for1=1:1:Ni

y = y+(abs(X(i)))*cos((2*pi*K(i)*t)+angle(X(1)));
end

maxy = max(abs(y)):

y = y./maxy;
ecg2=y:
ecg_ftt = fft(ecg2): %3AT1EH FFT

ecg_abs = abs(ecg_fft);
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function [OutP]=Save signal(InP)

fs = 8000;

[newfile.newpath]=uiputfile(|"\*,wav'].'save file name'):
wavwrite(InP(1:6000).fs,[newpath newfile]):

OutP=1;
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% Main using one period for identification
clear all
cle
disp('This program is used to do FFT of the ECG signals and save the results into mat file')
disp('Press anykey and then choose ECG signals for the training system [5R and 5W]')
pause;
clear all
R = str2num(input('How many correct ECG signal do you want?','s'))
W = str2num(input('How many incorrect ECG signal do you want?','s"))
% R=20;
% W=45;
Numberofsig=R+W;
=1
=15
for i=1:Numberofsig
[filename3, pathname =uigetfile([\*.wav'] 1ien IWd dyanunaudoaiilefidosns):
if isequal([filename3.pathname],[0,0])
stopit==0;
else
x=wavread([pathname filename3]);
end
g=mean(x);
X=X-q;
% inputFFT=normalize signal(x);
inputFFT=x";
Num_ FFT=50;
[outputFFT K]=FFT one period(inputFFT.Num_FFT);
if i<=R
Rtrain(:,i)=outputFFT";
else
Wtrain(:,j)=outputFFT";
=L

end
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end
save('Rtrain’,Rtrain');
save('Witrain', Wtrain');
%Training the classifier
NoTrain=10000;

[T.Input,Pr,net]=TrainingProcess(Rtrain, Wtrain,NoTrain);

disp('Press anykey to test the training process and collect the result')
pause;
TrainPercentR=0;
TrainPercentW=0;
for 1=1:Numberofsig
if 1<=R
[output, InputTest]=TestingProcess(Rtrain(:.i).net);
CountR(1)=output;
TrainPercentR=TrainPercentR+output;
else
[output]=TestingProcess(Wtrain(: k),net):
CountW(k)=output:
TrainPercentW=TrainPercentW+output;
k=k+1;
end
end
pausc;
cle
disp('Press any key for the accuracy Percentage of R signal’);
pausc:
PCR=100*TrainPercentR/R
disp('Press any key for the accuracy Percentage of W signal’):
pause;

PCW=100-100*TrainPercentW/W



%Testing process of new signal

disp('Press anykey for the next step’)

pausc:

cle

disp('Now! this is the Testing Process’)

disp('Press anykey and then choose ECG signals for the testing process ")

pause;

L=3;

while L~=0

%

x = input('which position of ECG signal do you want to use?','s');
switch x

case 'sit’

Numberoftestsig=str2num(input('How many signals do you want to usc?” IR
TestPercentR=0:
% TestPercentW=0;

for i=1:Numberoftestsig

)
-
=
)]
L)
=
o0
c
Lo
=¢
)
i
(=]
=

[ﬁlenameB,pathname]=uigctﬁle(['\*.wav'],'lﬁﬂﬂ"lﬂﬁ Try
ABINT');

if isequal([filename3,pathname],[0.0])

stopit==0;

else

x=wavread([pathname filename3]):

end

g=mean(x):

X=X-q;

inputFFT=normalize signal(x):
inputFFT=x":
Num FFT=50;

[outputFFT.K]=FFT one_period(inputFFT Num FFT);
it i<=Numbcroftestsig

[output,InputTest]=TestingProcess(outputFFT" net);



%

TCountR(1)=output;
TestPercentR=TestPercentR+output;
else
[output]=TestingProcess(outputFFT' net);
TCountW(i)=output;
TestPercentW=TestPercentW-+output;
end

end

disp('Press any key for the Percentage of R signal');
pause;
PCR=100*TestPercentR/Numberoftestsig
TestPercentR=0;
PCR=0;
case 'stand’
Numberoftestsig=str2num(input('How many signals do you want to use? ''s"));
TestPercentR=0;
Y% TestPercentW=0;
for i=1:Numberoftestsig

[filename3 .pathname]=uigctﬁ]e([‘\*.wav'].'!ﬁﬂﬂ\l'ﬂf{ w’éy uwmﬂﬁuxﬁaaﬁaiﬂﬁ
G!I"ﬂ\ﬂﬂTi');

if isequal([filename3,pathname],[0,0])

stopit==0:

else

x=wavread([pathname filename3]);

end

q=mean(x);

X=X-q:

inputFFT=normalize signal(x);
inputFFT=x"
Num FFT=50;

[outputFFT.K]=FFT one period(inputFFT,Num_FFT);



°
&

Yo

%

80

if i<=Numberoftestsig
[output,InputTest]=TestingProcess(outputFFT".net);
TCountR(i)=output;
TestPercentR=TestPercentR +output;
else
[output]=TestingProcess(outputFFT" net);
TCountW(i)=output;
TestPercentW=TestPercentW+output;
end

end

disp('Press any key for the Percentage of R signal');
pause;
PCR=100*TestPercentR/Numberoftestsig
TestPercentR=0;
PCR=0;
case 'lie down'
Numberoftestsig=str2num(input('How many signals do you want to use”'.'s')):
TestPercentR=0;
% TestPercentW=0;

for i=1:Numberoftestsig
[filename3 ,pathname]=uigetﬁle(['\*.wav'],'!ﬁﬂﬂqﬂﬁ’ wiy umﬂﬁmﬁuaﬁﬂﬂﬁ
ADINIT):
if iscqual([filename3 pathname],[0.0])
stopit==0;
else
x=wavread([pathname filename3]);
end
g=mean(x);

X=X-q;



%

%
%
Y%

%o

inputFF T=normalize signal(x):
inputFFT=x";
Num FFT=50:

[outputFFT.KJ=FFT one_ period(inputFFT Num_ FFT):
if i<=Numberoftestsig

[output,InputTest]=TestingProcess(outputFFT'.net);

TCountR(1)=output;

TestPercentR=TestPercentR+output;

else
[output]=TestingProcess(outputFFT",net);
TCountW(1)=output;
TestPercentW=TestPercentW-+output;

end

end

disp('Press any key for the Percentage of R signal');
pause;
PCR=100*TestPercentR/Numberoftestsig
TestPercentR=0;
PCR=0;
case 'other'
Numberoftestsig=str2num(input('"How many signals do you want to use? '.'s")):
TestPercentR=0;
Y% TestPercentW=0;
for i=1:Numberoftestsig
i = A o A = w q =
[ﬁlename3,pathnamc]=mgett1]e(['\*.wav'],'maﬂllﬂﬁﬂiyiUUWmﬂﬁuLﬁﬂQTﬂﬂﬂﬂ
Y
ADINIT');
if isequal([filename3,pathname],[0,0])
stopit==0;

else

b



x=wavread([pathname filename3]);

end

g=mean(x).

X=X-q:

% inputFF T=normalize signal(x);

inputFFT=x";

Num FFT=50;

[outputFFT ,K]=FFT one period(inputFFT Num_FFT);

if iI<=Numberoftestsig
[output InputTest]=TestingProcess(outputFFT" ,net);
TCountR(i)=output;

TestPercentR=TestPercentR+output;

%o else
% [output]=TestingProcess(outputFFT' ,net):
% TCountW(i)=output;
Y TestPercentW=TestPercentW+output;
end
end

disp('Press any key for the Percentage of R signal');
pause;
PCR=100*TestPercentR/Numberoftestsig
TestPercentR=0;
PCR=0;
otherwise
disp('It is impossible.’)
end
L = str2num(input('Do you want to continue this process? Yes=press | No= press 0','s"));
cle
end
% Numberoftestsig=5;
% TestPercentR=0;
% TestPercentW=0;

% for i=1:Numberoftestsig



o w 4 =l a =
% [filename3,pathname]=uigetfile([\*.wav'],1don IHadmauniumdvaialandoans);

o oa

% if isequal([filename3,pathname].[0,0])
% stopit==0;

% else

% x=wavread([pathname filename3]);
% end

%  g=mean(x);

% x=x-q;

% Y% inputFFT=normalize signal(x);

%  inputFFT=x';

%  Num_FFT=50;

%  [outputFFT,KJ]=FFT one period(inputFFT,Num_FFT);
Yo

%  if i<=Numberoftestsig

(]D

% [output,InputTest]=TestingProcess(outputFFT',net);
P g

% TCountR(i)=output;

% TestPercentR=TestPercentR+output;
% else
Yo [output]=TestingProcess(outputFFT" net);

% TCountW(i)=output:

% TestPercentW=TestPercentW +output;
% end

% end

%

%o

% disp('Press any key for the Percentage of R signal’);
Y% pause:

% PCR=100*TestPercentR/Numberoftestsig

% disp('Press any key for the Percentage of W signal');
Y% pause;

% PCW=100-200*TestPercentW/Numberoftestsig



function[outputFFT.K]=FFT one_period(inputFFT,Num_FFT)

output=abs(fft(inputFFT)):
outputFFT=output(1:Num_FFT);
K=[0:length(inputFFT)-1]*8000/length(inputFFT);



function [T,Input,Prnet]=TrainingProcess(Rtrain,Wtrain NoTrain)

% Rtrain: set of the Input for training neural network for the right person
% Wirain: set of the Input for training neural network for the Wrong person
Recol=length(Rtrain(1.:));

Weol=length(Wtrain(1.:));

coltrain=length(Rtrain(:,1));

B=(01];

Pe={}:

for 1=1:coltrain

Pr=[Pr ;B];
end
net=newp([Pr],1);
%Generate Trainin matrix
Input=[Rtrain Wtrain];
% Generate Target output
T=[ones(1,Rcol) zeros(1,Wcol)];
% Training process.
net.trainParam.epochs = NoTrain;

net=train(net.Input,T);
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function [output,Input Test]=TestingProcess(outputFF T net)
InputTest=[outputFFT]:

output=sim(net,Inputlest)



%Separate to three

clc; % clear the command line
clear all: % clear the workspace
ts=8000;

L=3

while L~=0
[ﬁlename3,pathnamc]=uigctﬁIe(['\*.wav'}_'!ﬁﬂﬂ‘lﬂﬁwi;nginil.lﬂﬁmﬁmﬁﬂnﬁﬁmm?):
if isequal([filename3 pathname],[0,0])
stopit==0;

else
[sig.sr,bit]=wavread([pathname filename3]);
end

sig=sig-mean(sig);
norm=max(sig);

sig=sig/norm;

Yofront

figure,plot(sig);grid

[x.w] = ginput(2);

x1 = round(x(1));

x2 = round(x(2));
P=zeros(6000,1):

QRS=P;

T=P;

P(1:x1)=s1g(1:x1);
QRS(x1:x2)=sig(x1:x2):
T(x2:6000)=sig(x2:6000);
subplot(3,1.1)

plot(P)

title('P-WAVE")

grid

subplot(3,1,2)

plot(QRS)

title("QRS-WAVE")
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grid

subplot(3,1,3)

plot(T)

title('T-WAVE'")

grid

[newfile,newpath]=uiputfile(["\* wav'] 'save file name');
wavwrite(P.fs,[newpath newfile]);

[newfile ,newpath]=uiputfile(["\* ,wav'],'save file name');
wavwrite(QRS, fs,[newpath newfile]);
[newfile.newpath]=uiputfile(["\* ,wav'].'save file name');
wavwrite(T,fs,[newpath newfile]);

%L = str2num(input('How many correct ECG signal do you want? ''s"))

end
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% Main for identification system by using subsequences
clear all
cle

disp('Human Identification System Based on Frequency Domain of The ECG Signal')

disp(’ Sub-Sequences Technique')
disp(’ Press any key for start this program’)
pause;

cle

R = str2num(input('How many correct ECG signal do you want? ''s'))

W = str2num(input('How many incorrect ECG signal do you want?'.'s'))

Pr=R; %Pr is the number of correct P wave

QRSr=R; %QRSr is the number of correct QRS wave
Tr=R; %TTr 1s the number of correct T wave

Pw=W; %Pw 1s the number of incorrect P wave
QRSw=W; %QRSw is the number of incorrect QRS wave
Tw=W; %Tw 1s the number of incorrect T wave

Numberofsig=R+W;

% GET correct signal

Num FFTPr = str2num(input('How many FFT sampling from a correct P wave do you want to
process in Neural Network? ','s"))

disp(' Press any key for choosing correct P waves for this system’)

pause;Pr

[RtrainPr inputFFTPr]=Choosesignal(Pr.Num_ FFTPr);

Num FFTQRSr = str2num(input('How many FFT sampling from a correct QRS wave do you
want to process in Neural Network? ''s'))

disp(’ Press any key for choosing correct QRS waves for this system’)

pause;QRSr

[RtrainQRSr.inputFFTQRSr]=Choosesignal(QRSr,Num FFTQRSr);
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Num FFTTr= str2num(input(How many FFT sampling from a correct T wave do you want to
process in Neural Network? '.'s'})

disp(’ Press any key for choosing correct T waves for this system’)

pause;Tr

[RtrainTr,inputFFTTr]=Choosesignal(Tr,Num FFTTr);

cle

%GET incorrect signals

Num FFTPw = Num_ FFTPr

disp(' Press any key for choosing incorrect P waves for this system')

pause;Pw

[WtrainPw,inputFF TPw]=Choosesignal(Pw,Num FFTPw);

Num_ FFTQRSw = Num_ FFTQRSr

disp(’ Press any key for choosing incorrect QRS waves for this system')
pause;QRSw
[WtrainQRSw,inputFFTQRSw]=Choosesignal(QRSw,Num_FFTQRSw);

Num FFTTw =Num_FFTTr

disp(’ Press any key for choosing incorrect T waves for this system')

pause; Tw

[WtrainTw,inputFFTTw]=Choosesignal(Tw,Num_ FFTTw);

cle

disp(’ Press any key for training the Neural Network using P waves')

pause;

%Training the classifier

NoTrainP=20000:

[TP.InputP, RANGEP netP. TrainPercentRP, TrainPercent WP PCR.PCW ]=TramningProcess(Rirain
Pr,WtrainPw ,NoTrainP Numberofsig,R,W);

disp('Press any key for the accuracy Percentage of R signal’);

pauscs

PCR

disp('Press any key for the accuracy Percentage of W signal');
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pause;

PCW

disp(' Press any key for training the Neural Network using QRS waves')

pause;

NoTrainQRS=20000;

[TORS‘lnpthRS.RANGEQRS.netQRS‘TrainPerceanQRS.'l'rainPcrccmWORS,PCR‘P('W]=Tr
ainingProcess(RtrainQRSr, WtrainQRSw NoTrainQRS Numberofsig,R,W):

disp('Press any key for the accuracy Percentage of R signal');

pause;

PCR

disp(‘Press any key for the accuracy Percentage of W signal');

pause;

PCW

disp(' Press any key for training the Neural Network using T waves')

pause:

NoTrainT=20000:

[TT.InputT.RANGET netT.TrainPercentR T, TrainPercentW T,PCR PCW]=TrainingProcess(Rtrai
nTr,WtrainTw ,NoTrainT,Numberofsig,R,W);

disp('Press any key for the accuracy Percentage of R signal');

pausc]

PCR

disp('Press any key for the accuracy Percentage of W signal');

pause;

PCW

Y% Testing process of new signal
disp('Press anykey for the next step’)
pause:

cle

disp('Now! this is the Testing Process’)

disp('Press anykey and then choose ECG signals for the testing process ')
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pause;
TestPercentR=0:
L=3;
while L~=0

x = input('which test process do you wanna use right or wrong ?''s');

switch x

case 'right’

Numberoftestsigr=str2num(input(How many p wave do you want to use”?"''s'));

Numberoftestsiggrs=str2num(input('How many qrs wave do you want to use?','s"));

Numberoftestsigt=str2num(input('How many t wave do you want to use?'.'s'));

[Buffr]=open fft test(Numberoftestsigr, PCR, TestPercentR netP,Num_FFTPr):
disp('Press any key for the Percentage of R signal’);

pause;

[Buffgrs]=open_fft test(Numberoftestsigqrs,PCR,TestPercentR,netQRS,Num_ FFTQRSr):
disp('Press any key for the Percentage of R signal');

pause;

[Bufft]=open fft test(Numberoftestsigt,PCR, TestPercentR netT,Num_FFTTr);
disp('Press any key for the Percentage of R signal');

pause;

cle

Buff=[Buffr Buffqrs Bufft]

case 'wrong'

Numberoftestsigr=str2num(input('How many p wave do you want to use? '.'s"));
Numberoftestsiggrs=str2num(input('How many qrs wave do you want to usc’ ",'s"));

Numberoftestsigt=str2num(input('How many t wave do you want to use? '.'s'));

[Buffr]=open fft test(Numberoftestsigr,PCR, TestPercentR,netP,Num_FFTPr):
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disp('Press any key for the Percentage of R signal');

pausc:

[Buffgrs]=open fft test(Numberoftestsigqrs,PCR, TestPercentR netQRS Num_FFTQRSr):
disp('Press any key for the Percentage of R signal');

pause;

[Bufft]=open ffi test(Numberoftestsigt,PCR, TestPercentR.netT.Num_FFTTr):
disp('Press any key for the Percentage of R signal');

pause;

cle

Buff=[Buffr Buffqrs Bufft]

otherwise
disp('It is impossible.’)

end

L = str2num(input('Do you want to continue this process? Yes=press 1 ,No= press 0'.'s'));
cle

end
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function [Rtraintest,inputFFT]=Choosesignal(num,Num_FFT)
%choose signal
for i=1:mnum
[filename3,pathname |-uigetfile(['\*.wav] 1900 1Wa wiyﬂgjmﬂﬁ'mﬁmﬁﬂﬂ‘ﬁﬁﬂﬂﬂ15');
if isequal([filename3 pathname],[0,0])
stopit==0;
else
x=wavread([pathname filename3]);
end
q=mean(x);
X=X-q;
inputFFT=x';
%Num_FFT=50;
[outputFFT,K]=FFT one_period(inputFFT,Num FFT);
Rtraintest(:,1)=outputFFT";

End



function [Buft]=open fft test(Numberoftestsig,PCR.TestPercentR net, Num_FFT)
Buff=[];
for i=1:Numberofiestsig
[ﬁlcnamc3.palhname]=uigclﬁle(['\*.wav'].'kﬁElﬂ1ﬂﬁﬁmuty1mﬂﬁ'UL?TUQﬁjﬁlﬂﬁ
ADINS):
if isequal([filename3,pathname].[0,0])
stopit==0:
else
x=wavread(|pathname filename3]);
end

g=mean(x);

X=X-q;

inputFFT=x";

[outputFFT,K]=FFT one_period(inputFFT,Num_FFT);
if i<=Numberoftestsig

[output,InputTest]=TestingProcess(outputFF 1" .net);
TCountR(1)=output;
TestPercentR=TestPercentR+output;
Buff=[Buff; output]
end
end
PCR=100*TestPercentR/Numberoftestsig
function
[T.Input.Pr.net. TrainPercentR. TrainPercentW . PCR.PCW]=TrainingProcess(Rtrain, Wirai
n.NoTrain Numberofsig R, W)
% Rtrain: set of the Input for training neural network for the right person
% Wirain: set of the Input for training neural network for the Wrong person
Reol=length(Rtrain(1,:));

Weol=length(Wtrain(1,:));
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coltrain=length(Rtrain(:.1)):
B=[0 1]
Pr=[]:
for i=1:coltrain
Pr=[Pr :B]:
end
net=newp([Pr].1):
%Generate Trainin matrix
Input=[Rtrain Wtrain|;
% Generate Target output
T=[ones(1,Rcol) zeros(1.Wcol)];
% Training process.
net.trainParam.epochs = NoTrain;
net=train(net,Input.T);
Y%test training
TrainPercentR=0;
TrainPercentW=0:
k=1;
for 1=1:Numberofsig
if i<=R
[output.InputTest]=TestingProcess(Rtrain(:.i).net);
CountR(1)=output;
TrainPercentR=TrainPercentR+output;
else
[output]=TestingProcess(Wtrain(:.k).net);
CountW(k)=output:
TrainPercentW=TramPercentW +output;
k=k+1:
end

end

PCR=100*TrainPercentR/R

PCW=100-100*TrainPercentW/W
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Abstract

A new human identification system based on electrocardiogram
(1:CGY signal is introduced in this work. The human heart is considered
to be a unique system of each person. ECG signal therefore represents
as an impulse response of the system. The frequency response of the
system (Fourier transform of the ECG signal) is employed to be a tool
for feature extraction. In addition, the ECG signals employed in this
paper, which may be derived from different heart rates from different
subjects at the recording time, are normalized 1o a standard heart rate.
Furthermore, not only the whole sequence of | period ECG signal,
confaining P, QRS, and T waves, is processed but also its three
subsequences, each respectively representing P, QRS, and T waves, is
examined. The results of using neural network have demonstrated that

subscquences technique is superior to whole period of ECG signal

method.

Keywords: ECG, Fourier transform, neural network
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Human Identification System Based ECG Signal

Sukkharak Saechia, Jeerasuda Koseeyaporn, and Paramote Wardkein
Telecommunication Department, Faculty of Engineering,
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Abstract—A  new  human identification system based
electrocardiogram (ECG) signal is introduced in this work. The
human heart is considered to be a unique system of each person.
ECG signal therefore represents as an impulse response of the
system. The frequency response of the system (Fourier transform
of the ECG signal) is employed to be a tool for feature extraction.
In addition, the ECG signals employed in this paper, which may
be derived from different heart rates from different subjects at
the recording time, are normalized to a standard heart rate.
Furthermore, not only the whole sequence of 1 period EC signal,
containing P, QRS, and T waves, is processed but also its three
subsequences, each respectively representing P, QRS, and T
waves, is examined. The results of using neural network have
demonstrated that subsequences technique is superior to whole
period of ECG signal method.

Index Terms—ECG, Fourier transform, neural network

l. INTRODUCTION

anmm\'s, human identification has played an important
role in many applications, especially in security systems.

For example, an authorization for building access,
different approaches could be employed. Rather than using a
mother key for conventional bolt lock, code lock may be
employed. But to gain a higher security level, more complex
systems are required. Mostly, many methods involve with the
use of a part of human body. A specific feature must be
extracted from that selected part to recognize a person. A lot of
works have been studied on human face identification [1], [2].
Other techniques include voice recognition [3], [4], palm
recognition [5], retina identification [6], and most common
method fingerprint identification [7] - [9]. Electrocardiogram
(ECG) signal is an alternative method that can be utilized for
this objective.

Generally, ECG signal is employed to observe patient’s
heart function. The shape of ECG signal can indicate whether
or not a heart is in normal condition. Based on the
consideration a human heart as a system of each person, its
ECG signal which represents as an impulse response of the
system, thus has its own feature. A few works have been done
on this particular purpose [10], [11]. These works collected
various features of ECG signals to make a decision of the
identification. However; their techniques are quite complicate
to implement.
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In this paper, a new approach for human identification based
ECG signal is proposed. The Fourier transform is employed to
be a tool to extract feature from ECG signal. One period of
ECG signal, which contains P, QRS, and T waves is taken in
the process. Besides, this one period ECG signal is divided into
three subsequences corresponding to P, QRS, and T waves,
respectively. These subsequences provide an alternative way to
be processed in this work. It is noted that each ECG signal may
be based on different heart rate at the recording time.
Therefore, they are normalized to be signals at a standard heart
rate. The detail of the proposed technique will be given in
section 1I. The classification result of using back propagation
neural network is then provided in section IlI. Finally, the
section 1V devotes to the conclusion.

1. PRINCIPLE

A. Basic ECG signal

The human heart is one of many important parts of body.
Normally, electrocardiogram is a method of observing a heart
function. It measures different electrical potentials of a heart
resulting in an ECG signal. Based on the consideration of a
heart as a system, ECG signal is thus considered to be an
impulse response of the system to an impulse somehow created
by a body. This system is shown in Fig. 1. ECG signal is
generally composed of the following waves: P, QRS and T as
shown in Fig. 2.
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Fig. 1. A system considered as a heart.
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Fig. 2. One period of an ECG signal



Due to the oscillatory in nature of ECG signal, its one period
is therefore employed in the process of this proposed method.
However, it is interesting to note that the ECG signals may be
derived from different heart rates at the recording time. It is
thus important to normalize the ECG signals being processed
into a standard heart rate. Assuming that normal heart rate of a
person is usually 80 times/minute, it is thus selected to be a
standard rate employed in this work. The detail of heart rate
normalization will be given in the following section.

B.  Heart rate normalization

At a normal heart rate 80 times/minute, it implies that it
takes 0.75 seconds per one PQRST period. If the ECG signals
employed in this work are recorded at the sampling rate [ =

8000 Hz, therefore an ECG signal of 80 times/minute heart rate
must contain 6000 samples in | period. However, if at the
recording period the heart is functioned at other rates, lower or
higher than 80 times/minute, one period of its PQRST wave
may be either longer or shorter than that of a standard rate
(assuming that the same sampling rate is used).

Let the length of one period PQRST of an interested ECG

signal h(n) be N, its discrete Fourier components therefore are

H(k) = 3 h(n)exp( 2T/ )

n=1

(M

where £ is frequency index corresponding to digital frequency

which is defined to be ’”% for 0<k<N—1. As

previously described, N may be either larger or less than N
(N,= 6000). depending on its heart rate at the recording

period. Thus the ratio of signal length must be determined to be
a scaled value « for normalization which is obtained by

N

For v > L. it implies that the heart rate of the interested ECG
signal is higher than the standard rate. Contrarily, it is lower
than the standard rate for « < 1. To normalize length of this
signal to N, samples in one PQRST period, a new scale of

sampling time 7, must be obtained which is

(2)

T, =T /o where’ﬂ:%. 3)
With  these scaled parameters, the following signal

reconstruction is used to obtain the normalized heart rate of
one period ECG signal h, (n) which is

h,(n) = i|H(A:)] cos(?vrk%nf, + ZH(K)) (4)

k=n

for 0<n<N —1 where K is the frequency index

corresponding to the highest digital frequency which occupies
the ECG frequency spectrum (normally 0 — 100Hz [12]).

C. Proposed Technique

Once the ECG signals are normalized to be based on the
same heart rate, they are employed in the proposed algorithm.
However, information of signal usually is redundant in spatial
domain. Instead, other methods that can be extracted
information into a concise set of coefficients are thus
preferable such as method of signal transformation. In this
work, Fourier transform is selected to be a tool for this
particular purpose. Moreover, to gain more feature extraction.
this normalized one period PQRST signal A, (n) is divided into
(h,,(n),h,,(n).h, (7)) which
corresponds to P, QRS, and T waves, respectively. Then,
Fourier transform is also taken on these subsequences. From
the resulted Fourier coefficients, only significant elements are
selected and employed in neural network for classification.
Supervised training by using two groups of dominant

three subsequences, each

coefficients, one represents the person X and another

represents other persons, are performed by neural network. The
block diagram of the proposed technique is illustrated in Fig. 3.
Therewith the described proposed algorithm, the results of
computer simulation will be given in the next section.
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Fig. 3. The proposed technique.



1. SIMULATION RESULTS

Firstly. the result of normalized ECG signal is demonstrated.
As seen in Fig. 4., the upper line represents one period ECG

signal of person X. After it is normalized by using the

algorithm described in the last section, the normalized result is
given as the lower plot of Fig. 4. It is noted that the magnitude
of ECG sequence is also normalized so that it is confined in

0< lh”(n)l <1.

Later, the Fourier coefficients of one period normalized
(both heart rate and magnitude) ECG signal is obtained as
demonstrated in Fig 5. In addition, this one period normalized
ECG signal is divided into 3 parts which each part represents
P, QRS, and T waves, respectively (see Fig. 6.) These
subsequences are also taken the Fourier transform where their
Fourier components are given in Fig. 7.

In order to compare the performance of classification, the
significant Fourier coefficients obtained from whole sequence
and subsequences cases are separately trained by neural
network. The results provided by using whole period of
PQRST wave case and subsequences case are given in Table 1.
and 11, respectively. The results imply that by using
subsequences technique, the classification performance is
superior to that of using whole period method.
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Fig. 4. Normalized heart ratc ECG sequence.
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Fig. 5. Normalized heart rate ECG sequence : in spatial domain (upper). in
frequency domain (lower).
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Fig. 6. Subsequences of the normalized heart rate ECG signal . P wave

(upper), QRS wave (middle), T wave (lower).
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Fig. 7. Fourier components of subsequences normalized heart rate 1CG
signal : P wave (upper), QRS wave (middle), T wave (lower).



Table 1. Newral network classification result using whole period of
normalized heart rate ECG signal.

Case of Identified Result
Classes | Owner | Stranger | FR(%)
Training
Owner 5 5 0 0
Stranger 15 0 15 0
Total 20 5 15 0
Test
Owner 5 4 1 20
Stranger 30 5 25 16.67
Total 35 9 25 17.14
Table 11.  Neural nctwork classification result using subsequences of

normalized heart rate ECG signal.

Case of Identified Result
Classes | Owner | Stranger | FR(%)
Training
Owner 5 5 0 0
Stranger 15 0 15 0
Total 20 5 15 0
Test
Owner 5 4 1 20
Stranger 30 0 30 0
Total 35 4 31 2.85

1V. CONCLUSION

In this work, a system for human identification based on
ECG signal is present. The ECG signals employed in this
paper are normalized their heart rates to a standard heart rate.
Fourier transform technique is chosen as a method to extract
ECG features. The significant Fourier components are
employed in classification process by using neural network.
Furthermore, two cases of one period of normalized heart rate
ECG signals : (1) whole period case, (2) subsequences into P,
QRS, and T waves are studied to examine their classification
performance. The neural network classification results show
that the percentage of false rate of using subsequences
technique is superior to that of using whole period.
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