
















































































































































lines(ttv3,type='l') 

# Plot the electrocardiogram data of patients 

windows() 
par(mfrow<-c(3,1)) 
ystand<-seq(-0.7,1.8,2.5/10000) 
plot(ystand,ylab='patient 1',col='white') 
lines(ttp1,type='l') 
plot(ystand,ylab='patient 2' ,col='white') 
lines(ttp2,type='l') 
plot(ystand,ylab='patient 3' ,col='white') 
lines(ttp3,type='l') 

A.2 Segment and extracting statistics from the electrocardiogram 
data for volunteers and patients 

# Function of finding the position of the minimum of a vector 

minpos i tion<-function(y) 
{ 

} 

l<-length(y) 
minpos<-1 
minvalue<-y[1] 
for(i in 2:1) 

{ 

if((y[i]<minvalue)==TRUE) 
{ 

} 

minvalue<-y[i] 
minpos<-i 

} 

minpos 

# Function of finding the position of the maximum of a vector 

maxposition<-function(y) 
{ 

l<-length(y) 
maxpos<-1 
maxvalue<-y [1] 
for(i in 2 :1) 
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} 

{ 

} 

if((y[i]>maxvalue)==TRUE) 
{ 

} 

maxvalue<-y [i] 
maxpos<-i 

maxpos 

# Segment and statistics of the electrocardiogram data for patient! 
# Read the original data of patient 1 

tangp1<-read.table('p1 . txt') 
ttv1<-tangp1$V2 
n<-length(tv1) 
ta<-0.3 

# Get the segment position vector for patient 1 

tpos<-array(O,n) 
i<-1 
flagb<-0 
flagn<-0 
for (j in 2:n) 

{ 

} 

if ((ttv1[j]>ta)==TRUE) 
{ 

flagb<-flagn 
flagn<-1 

} 

if((ttv1[j]<ta)==TRUE) 
{ 

} 

flagb<-flagn 
flagn<-0 

if(f l agb 6= flagn) 
{ 

} 

t pos[i]<-j 
i <-i+1 

m<-1 
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for (j in 1:n) 
{ 

if((tpos[j]==O)==FALSE) 
{ 

m<-m+1 
} 

} 

tposfinal<-array(O,m-1) 
i<-1 
for (j in 1:n) 

{ 

if((tpos[j]==O)==FALSE) 
{ 

} 

tposfinal[i]<-tpos[j] 
i<-i+1 

} 

l<-length(tposfinal) 
tposmax<-array(O,l/2) 
tposfinall<-array(O,l) 
j<-1 for (i in 1:1) 

{ 

if (i%%2==1) 
{ 

tempv<-ttv1[(tposfinal[i]-50):tposfinal[i]] 
minpos<-minposition(tempv) 
tposfinall[i]<-tposfinal[i]-50+minpos 

} 

} 

if (i%%2==0) 
{ 

} 

tempv<-ttv1[tposfinal[i] :(tposfinal[i]+50)] 
k<-i-1 
tempv1<-ttv1[tposfinal[k] :tposfinal[i]] 
minpos<-minposition(tempv) 
maxpos<-maxposition(tempv1) 
tposfinall[i]<-tposfinal[i]+minpos 
tposmax[j]<-tposfinal[k]+maxpos-1 
j <-j+1 

# Plot the segment of electrocardiogram data for patient 1 
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plot(ttv1[1:3500] ,ylab='value of Patient 1',xlab='Time' ,type='l') 
points(tposfinall[1] ,ttv1[tposfinall[1]] ,pch=23) 
text(tposfinall[1] ,ttv1[tposfinall[1]],label='cp' ,pos=2) 
points(tposmax[1] ,ttv1[tposmax[1]],pch=23,col='red') 
text(tposmax[1] ,ttv1[tposmax[1]] ,label= ' maxp',pos=4) 
points(tposfinall[2] ,ttv1[tposfinall[2]] ,pch=23) 
text(tposfinall[2] ,ttv1[tposfinall[2]] ,label='cp' ,pos=4) 
points(tposfinall[3],ttv1[tposfinall[3]] ,pch=23) 
text(tposfinall[3],ttv1[tposfinall[3]] ,label='cp' ,pos=2) 
points(tposmax[2] ,ttv1[tposmax[2]] ,pch=23,col='red') 
text(tposmax[2] ,ttv1[tposmax[2]] ,label='maxp',pos=4) 
points(tposfinall[4],ttv1[tposfinall[4]] ,pch=23) 
text(tposfinall[4] ,ttv1[tposfinall[4]] ,label='cp' ,pos=4) 
points(tposfinall[5],ttv1[tposfinall[5]] ,pch=23) 
text(tposfinall[5] ,ttv1[tposfinall[5]],label='cp' ,pos=2) 
points(tposmax[3] ,ttv1[tposmax[3]],pch=23,col='red') 
text(tposmax[3],ttv1[tposmax[3]] ,label='maxp',pos=4) 
points(tposfinall[6] ,ttv1[tposfinall[6]] ,pch=23) 
text(tposfinall[6] ,ttv1[tposfinall[6]] ,label='cp' ,pos=4) 
points(tposfinall[7] ,ttv1[tposfinall[7]],pch=23) 
text(tposfinall[7],ttv1[tposfinall[7]] ,label='cp' ,pos=2) 
points(tposmax[4],ttv1[tposmax[4]] ,pch=23,col='red') 
text(tposmax[4] ,ttv1[tposmax[4]] ,label='maxp' ,pos=4) 
points(tposfinall[8],ttv1[tposfinall[8]] ,pch=23) 
text(tposfinall[8] ,ttv1[tposfinall[8]] ,label='cp' ,pos=4) 

# Plot the higher peak and lower peak of electrocardiogram data 
patient 1, separately 

window() par(mfrow<-c(1,2)) 
plot(ttv1[tposfinall[1] :tposfinall[2]], 
xlab='Time' ,type='l') 
plot(ttv1[tposfinall[2] :tposfinall[3]j, 
xlab='Time' ,type='l') 

# Get the variation vector of the position of maximum of patient 1 

1<-length(tposmax) 
tposmaxa<-tposmax[i : (l-1)] 
tposmaxb<-tposmax[2:1] 
tposmaxv<-array(O,(l-1)) 
tposmaxv<-tposmaxb-tposmaxa 
tposmaxvp1<-tposmaxv 
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# Get the mean of position interval, maximum, range, mean of 
interval for patient 1 

tposfinal<-tposfinall 
leng<-length(tposfinal) 
posinterval<-array(O,leng/2) 
posintervalL<-array(O,leng/2-1) 

for(j in 1:(leng/2)) 
{ 

posinterval[j]<-tposfinal[j*2]-tposfinal[j*2-1] 
} 

for(j in 1:(leng/2-1)) 
{ 

posintervalL[j]<-tposfinal[j*2+1]-tposfinal[j*2] 
} 

maximum<-array(O,leng/2) meaninterval<-array(O,leng/2-1) 
minimum<-array(O,leng/2-1) maximumLow<-array(O,leng/2-1) 

for (j in 1:(leng/2)) 
{ 

} 

a<-tposfinal[2*j-1] 
b<-tposfinal[2*j] 
maximum[j]<-max(ttv1[a:b]) 

for (j in 1:(leng/2-1)) 
{ 

} 

test<-j 
minimum[j]<-min(ttv1[tposfinal[2*test] :tposfinal[2*test+1]]) 
st<-tposfinal[2*test]+10 
en<-tposfinal[2*test+1]-10 
maximumLow[j]<-max(ttv1[st:en]) 
meaninterval[j]<-mean(ttv1[tposfinal[2*test] :tposfinal[2*test+1]]) 

meanmaximum<-mean(maximum) 
meanminimum<-mean(minimum) 
meanmaximumLow<-mean(maximumLow) 
rangeHigh<-meanmaximum-meanminimum 
rangeLow<-meanmaximumLow-meanminimum 
meanposinterval<-mean(posinterval)/1000 

66 



meanposintervalL<-mean(posintervalL)/1000 
meanlowinterval<-mean(meaninterval) 
mrangeH<-maximum[1:(length(maximum)-1)]-minimum 
mrangeL<-maximumLow[i:(length(maximum)-1)]-minimum 

# Get the feature vector for the electrocardiogram data for patient 
1 

result<-c(meanmaximum,rangeHigh,meanmaximumLow,rangeLow,meanposinterval, 
meanposintervalL,meanlowinterval) 

# Get the vectors of maximum value of higher peak, range of higher 
peak, maximum value of lower peak, range of lower peak, width of 
higher peak, width of lower peak and average value of lower peak for 
the electrocardiogram data 

maximump1<-maximum 
mrangeHp1<-mrangeH 
maximumLowp1<-maximumLow 
mrangeLp1<-mrangeL 
posintervalp1<-posinterval 
posintervalLp1<-posintervalL 
meanintervalp1<-meaninterval 

A.3 Comparing Boxplots, densities of the electrocardiogram data for 
group of patients and group of volunteers 

# Comparing boxplots and densities of maximum value of higher peak 
of volunteers and patients 

n1<-length(maximumv1) 
n2<-length(maximumv2) 
n3<-length(maximumv3) 
n4<-length(maximump1) 
n5<-length(maximump2) 
n6<-length(maximump3) 
boxf<-c(maximumv1,maximump1,maximumv2,maximump2,maximumv3,maximump3) 
c1<-array('v1',n1) 
c2<-array('v2' ,n2) 
c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array('p2' ,n5) 
c6<-array('p3' ,n6) 
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cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) 
boxplot(boxf_cf) 
plot(density(maximumv1),xlim<-c(0,2.5),ylim<-c(0,15),type='l' ,lty=2) 
lines(density(maximumv2),type='l',lty=2,col='blue') 
lines(density(maximumv3),type='l' ,lty=2,ol='red') 
lines(density(maximumpl),type='l') 
lines(density(maximump2),type='l' ,col='blue') 
lines(density(maximump3),type='l' ,col='red') 

# Comparing boxplots and densities of range of higher peak of 
volunteers and patients 

n1<-length(mrangeHv1) 
n2<-length(mrangeHv2) 
n3<-length(mrangeHv3) 
n4<-length(mrangeHp1) 
n5<-length(mrangeHp2) 
n6<-length(mrangeHp3) 
boxf<-c(mrangeHv1,mrangeHv2,mrangeHv3,mrangeHp1,mrangeHp2,mrangeHp3) 
c1<-array('v1',n1) 
c2<-array('v2' ,n2) 
c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array('p2',n5) 
c6<-array('p3' ,n6) 
cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) 
boxplot(boxf_cf) 
plot(density(mrangeHv1),xlim<-c(0,2.5),ylim=c(0,18),type='l' ,lty=2) 
lines(density(mrangeHv2),type='l' ,lty=2,col='blue') 
lines(density(mrangeHv3),type='l' ,lty=2,col='red') 
lines(density(mrangeHpl),type='l') 
lines(density(mrangeHp2),type='l' ,col='blue') 
lines(density(mrangeHp3),type='l' ,col='red') 

# Comparing boxplots and densities of maximum value of lower peak of 
volunteers and patients 

n1<-length(maximumLowv1) 
n2<-length(maximumLowv2) 
n3<-length(maximumLowv3) 
n4<-length(maximumLowp1) 

68 



n5<-length(maximumLowp2) 
n6<-length(maximumLowp3) 
boxf<-c(maximumLowv1,maximumLowv2,maximumLowv3,maximumLowp1, 
maximumLowp2,maximumLowp3) 
c1<-array('v1' ,n1) 
c2<-array('v2' ,n2) 
c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array('p2' ,n5) 
c6<-array('p3' ,n6) 
cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) 
boxplot(boxf_cf) 
plot(density(maximumLowv1),xlim=c(-0.15,0 .85),ylim=c(0,18),type='l' ,lty=2) 
lines(density(maximumLowv2),type='l' ,lty=2,col='blue') 
lines(density(maximumLowv3),type='l',lty=2,col='red') 
lines(density(maximumLowpl),type='l') 
lines(density(maximumLowp2),type='l' ,col='blue') 
lines(density(maximumLowp3),type='l' ,col='red') 

# Comparing boxplots and densities of range of lower peak of 
volunteers and patients 

n1<-length(mrangeLv1) 
n2<-length(mrangeLv2) 
n3<-length(mrangeLv3) 
n4<-length(mrangeLp1) 
n5<-length(mrangeLp2) 
n6<-length(mrangeLp3) 
boxf<-c(mrangeLv1,mrangeLv2,mrangeLv3,mrangeLp1,mrangeLp2,mrangeLp3) 
c1<-array('v1' ,n1) 
c2<-array('v2' ,n2) 
c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array( ' p2' ,n5) 
c6<-array('p3' ,n6) 
cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) 
boxplot(boxf_cf) 
plot(density(mrangeLv1),xlim=c(0,0 .85), ylim=c(0,22),type= ' l' , lty=2) 
lines(density(mrangeLv2),type='l',lty=2 , col='blue') 
lines(density(mrangeLv3),type='l',lty=2,col='red') 
lines(density(mrangeLpl),type='l') 
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lines(density(mrangeLp2),type='l' ,col='blue') 
lines(density(mrangeLp3),type='l' ,col='red') 

# Comparing boxplots and densities of width of higher peak of 
volunteers and patients 

n1<-length(posintervalv1) 
n2<-length(posintervalv2) 
n3<-length(posintervalv3) 
n4<-length(posintervalp1) 
n5<-length(posintervalp2) 
n6<-length(posintervalp3) 
boxf<-c(posintervalv1,posintervalv2,posintervalv3,posintervalp1, 
posintervalp2,posintervalp3) 
c1<-array('v1' ,n1) 
c2<-array('v2' ,n2) 
c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array('p2' ,n5) 
c6<-array('p3' ,n6) 
cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) 
boxplot(boxf_cf) 
plot(density(posintervalv1),xlim=c(0,100),ylim=c(0,0.4),type='l',lty=2) 
lines(density(posintervalv2),type='l' ,lty=2,col='blue') 
lines(density(posintervalv3),type='l' ,lty=2,col='red') 
lines(density(posintervalp1),type='l') 
lines(density(posintervalp2),type='l' ,col='blue') 
lines(density(posintervalp3),type='l' ,col='red') 

# Comparing boxplots and densities of width of lower peak of 
volunteers and patients 

n1<-length(posinterva1Lv1) 
n2<-length(posinterva1Lv2) 
n3<-length(posinterva1Lv3) 
n4<-length(posinterva1Lp1) 
n5<-length(posinterva1Lp2) 
n6<-length(posinterva1Lp3) 
boxf<-c(posinterva1Lv1,posinterva1Lv2,posinterva1Lv3,posinterva1Lp1, 
posinterva1Lp2,posinterva1Lp3) 
c1<-array('v1' ,n1) 
c2<-array('v2' ,n2) 
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c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array('p2',n5) 
c6<-array('p3',n6) 
cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) 
boxplot(boxf_cf) 
plot(density(posinterva1Lv1),xlim=c(0,1500),ylim=c(0,0.03),type='l',lty=2) 
lines(density(posinterva1Lv2),type='l' ,lty=2,col='blue') 
lines(density(posinterva1Lv3),type='l' ,lty=2,col='red') 
lines(density(posinterva1Lp1),type='l') 
lines(density(posinterva1Lp2),type='l' ,col='blue') 
lines(density(posinterva1Lp3),type='l' ,col='red') 

# Comparing boxplots and densities of average value of lower 
peak of volunteers and patients 

n1<-length(meanintervalv1) 
n2<-length(meanintervalv2) 
n3<-length(meanintervalv3) 
n4<-length(meanintervalp1) 
n5<-length(meanintervalp2) 
n6<-length(meanintervalp3) 
boxf<-c(meanintervalv1,meanintervalv2,meanintervalv3,meanintervalp1, 
meanintervalp2,meanintervalp3) 
c1<-array('v1',n1) 
c2<-array('v2',n2) 
c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array('p2' ,n5) 
c6<-array('p3',n6) 
cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) 
boxplot(boxf_cf) 
plot(density(meanintervalv1),xlim=c(-0.4,0.6),ylim=c(0,120),type='l' ,lty=2) 
lines(density(meanintervalv2),type='l' ,lty=2,col='blue') 
lines(density(meanintervalv3),type='l' ,lty=2,col='red') 
lines(density(meanintervalp1),type='l') 
lines(density(meanintervalp2),type='l' ,col='blue') 
lines(density(meanintervalp3),type='l' ,col='red') 

# Comparing boxplots and densities of position variation vector of 
maximum of volunteers and patients 

71 



n1<-length(tposmaxvv1) 
n2<-length(tposmaxvv2) 
n3<-length(tposmaxvv3) 
n4<-length(tposmaxvp1) 
n5<-length(tposmaxvp2) 
n6<-length(tposmaxvp3) 
boxf<-c(tposmaxvv1,tposmaxvv2,tposmaxvv3,tposmaxvp1,tposmaxvp2,tposmaxvp3) 
c1<-array('v1' ,n1) 
c2<-array('v2' ,n2) 
c3<-array('v3' ,n3) 
c4<-array('p1' ,n4) 
c5<-array('p2' ,n5) 
c6<-array('p3' ,n6) 
cf<-c(c1,c2,c3,c4,c5,c6) 
cf<-factor(cf) boxplot(boxf_cf) 
plot(density(tposmaxvv1),xlim=c(0,1200),ylim=c(0,0.03),type='l',lty=2) 
lines(density(tposmaxvv2),type='l',lty=2,col='blue') 
lines(density(tposmaxvv3),type='l' ,lty=2,col='red') 
lines(density(tposmaxvp1),type='l') 
lines(density(tposmaxvp2),type='l',col='blue') 
lines(density(tposmaxvp3),type='l',col='red') 

A.4 Comparing single statistics of the electrocardiogram data for 
group of patients and group of volunteers 

# Read the file of feature vectors for the electrocardiogram data 

ttresult1<-read.table('result.txt') 
ttmaximumH<-ttresult1$V1 
ttrangeH<-ttresult1$V2 
ttmaximumL<-ttresult1$V3 
ttrangeL<-ttresult1$V4 
ttintervalH<-ttresult1$V5 
ttintervalL<-ttresult1$V6 
ttvalueintervalL<-ttresult1$V7 

# Compare maximum of higher peak and lower peak of volunteers and 
patients 

windows() par(mfrow<-c(1,2)) y<-c(0,1,2) plot(y,type='l' ,ylab='mean 
maximum of higher peak') lines(ttmaximumH[1 :3] ,type='l') 
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points(1,ttmaximumH[1],pch=24,cex=1) 
text(1 , ttmaximumH[1] ,labels='V1' ,pos=3,cex=0.7) 
points(2,ttmaximumH[2] ,pch=24,cex=1) 
text(2,ttmaximumH[2] ,labels='V2',pos=3,cex=0.7) 
points(3,ttmaximumH[3],pch=24,cex=1) 
text(3,ttmaximumH[3] ,labels='V3',pos=3,cex=0.7) 
lines(ttmaximumH[4:6] ,type='l' ,col='red') 
points(1,ttmaximumH[4],cex=1,col='red') 
text(1,ttmaximumH[4],labels='P1' ,pos=1,cex=0.7) 
points(2,ttmaximumH[5],cex=1,col='red') 
text(2,ttmaximumH[5] ,labels='P2' ,pos=1,cex=0.7) 
points(3,ttmaximumH[6],cex=1,col='red') 
text(3,ttmaximumH[6] ,labels='P3' ,pos=1,cex=0.7) 
y<-c(-1,0,1) 
plot(y,type='l' ,ylab='mean maximum of lower peak',col='white') 
points(2,ttmaximumL[1],pch=24,cex=1) 
text(2,ttmaximumL[1],labels='V1',pos=1,cex=0.7) 
points(1,ttmaximumL[2] ,pch=24,cex=1) 
text(1,ttmaximumL[2] ,labels='V2',pos=1,cex=0.7) 
points(3,ttmaximumL[3] ,pch=24,cex=1) 
text(3,ttmaximumL[3],labels='V3' ,pos=1,cex=0.7) 
lines(c(ttmaximumL[2] ,ttmaximumL[1],ttmaximumL[3]),type='l') 
lines(ttmaximumL[4:6] ,type='l' ,col='red') 
points(1,ttmaximumL[4],cex=1,col='red ; ) 
text(1,ttmaximumL[4] ,labels='P1' ,pos=3,cex=0.7) 
points(2,ttmaximumL[5],cex=1,col='red') 
text(2,ttmaximumL[5] ,labels='P2' ,pos=3,cex=0 . 7) 
points(3,ttmaximumL[6] ,cex=1,col='red') 
text(3,ttmaximumL[6] ,labels='P3' ,pos=3,cex=0 .7) 

# Compare range of higher peak and lower peak, and the ratio of them 
for volunteers and patients 

windows() 
par(mfrow<-c(1,3)) 
y<-c(0, 1,2) 
plot(y,type='l' ,ylab='mean 
range of higher peak ',col='white') 
lines(ttrangeH[1:3] ,type='l') 
points(1,ttrangeH[1] ,pch=24,cex=1) 
text(1,ttrangeH[1] ,labels='V1' ,cex=0.7,pos=3) 
poi nts(2,ttrangeH[2] ,pch=24,cex=1) 
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text(2,ttrangeH[2] ,labels='V2' ,cex=0.7,pos=3) 
points(3,ttrangeH[3],pch=24,cex=1) 
text(3,ttrangeH[3] ,labels='V3',cex=0 .7,pos=3) 
lines(ttrangeH[4:6] ,type='l',col='red') 
points(1,ttrangeH[4] ,cex=1,col='red') 
text(1 , ttrangeH[4] ,labels='P1',cex=0.7,pos=1) 
points(2,ttrangeH[5] ,cex=1,col='red') 
text(2,ttrangeH[5] ,labels='P2' ,cex=0 .7,pos=1) 
points(3,ttrangeH[6] ,cex=1,col='red') 
text(3,ttrangeH[6] ,labels='P3' ,cex=0.7,pos=1) 
plot(y,type='l' ,ylab='mean range of lower peak' ,col='white') 
lines(ttrangeL[1:3],type='l') 
points(1,ttrangeL[1],pch=24,cex=1) 
text(1,ttrangeL[1] ,labels='V1' ,cex=0.7,pos=3) 
points(2,ttrangeL[2] ,pch=24,cex=1) 
text(2,ttrangeL[2] ,labels='V1',cex=0.7,pos=3) 
points(3,ttrangeL[3],pch=24,cex=1) 
text(3,ttrangeL[3] ,labels='V3' ,cex=0.7,pos=1) 
lines(ttrangeL[4:6] ,type='l',col='red') 
points(1,ttrangeL[4],cex=1,col='red') 
text(1,ttrangeL[4] ,labels='P1' ,cex=0.7,pos=1) 
points(2,ttrangeL[5] ,cex=1,col='red') 
text(2,ttrangeL[5] ,labels='P2' ,cex=0.7,pos=1) 
points(3,ttrangeL[6],cex=1,col='red') 
text(3,ttrangeL[6] ,labels='P3' ,cex=0.7,pos=3) y<-c(1,2,3,4) 
rangeratio<-array(0,6) 
for(j in 1:6) 
{ 
rangeratio[j]<-ttrangeH[j]/ttrangeL[j] 

} 
plot(y,type='l' ,ylab='mean 
Rangeratio:RangeHihgerpeak/RangLowerpeak' ,col='white') 
lines(rangeratio[1:3] ,type='l') 
points(1,rangeratio[1],pch=24,cex=1) 
text(1,rangeratio[1] ,labels='V1' ,cex=0 .7,pos=3) 
points(2,rangeratio[2] ,pch=24,cex=1) 
text(2,rangeratio[2],labels='V2' ,cex=0 .7,pos=3) 
points(3,rangeratio[3] ,pch=24,cex=1) 
text(3,rangeratio[3] ,labels='V3' ,cex=0.7,pos=3) 
lines(rangeratio[4:6],type='l' ,col='red ' ) 
po i nts(1,rangeratio[4] ,cex=1,col='red') 
text(1,rangeratio[4] ,labels='P1' ,cex=0 .7,pos=1) 
points(2,rangeratio[5] ,cex=1,col='red ' ) 
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text(2,rangeratio[5] ,labels='P2',cex=0.7,pos=1) 
points(3,rangeratio[6] ,cex=l,col='red') 
text(3,rangeratio[6] ,labels='P3' ,cex=0.7,pos=1) 

# Compare width of higher peak and lower peak, and sum of them for 
volunteers and patients 

windows() 
par(mfrow<-c(1,3)) 
y<-c(0,0.1,0.2) 
plot(y,type='l' ,ylab='mean width of higher peak' ,col='white') 
lines(ttintervalH[1:3],type='l') 
points(1,ttintervalH[1],pch=24,cex=1) 
text(1,ttintervalH[1] ,labels='V1',cex=0.7,pos=1) 
points(2,ttintervalH[2],pch=24,cex=1) 
text(2,ttintervalH[2] ,labels='V2' ,cex=0.7,pos=3) 
points(3,ttintervalH[3] ,pch=24,cex=1) 
text(3,ttintervalH[3],labels='V3',cex=0.7,pos=3) 
lines(ttintervalH[4:6] ,type='l',col='red') 
points(1,ttintervalH[4],cex=1,col='red') 
text(1,ttintervalH[4] ,labels='P1' ,cex=0 .7,pos=3) 
points(2,ttintervalH[5] ,cex=l,col='red') 
text(2,ttintervalH[5] ,labels='P2' ,cex=0.7,pos=1) 
points(3,ttintervalH[6] ,cex=l,col='red') 
text(3,ttintervalH[6],labels='P3',cex=0.7,pos=1) y<-c(0,0.5,1) 
plot(y,type='l',ylab='mean width of lower peak',col='white') 
lines(ttintervalL[1:3],type='l') 
points(1,ttintervalL[1] ,pch=24,cex=1) 
text(1,ttintervalL[1],labels='V1',cex=0.7,pos=1) 
points(2,ttintervalL[2],pch=24,cex=1) , 
text(2,ttintervalL[2] ,labels='V2' ,cex~0.7,pos=3) 
points(3,ttintervalL[3] ,pch=24,cex=1) 
text(3,ttintervalL[3] ,labels='V3' ,cex=0 .7,pos=3) 
lines(ttintervalL[4:6] ,type='l' ,col='red') 
points(1,ttintervalL[4] ,cex=l,col='red') 
text(1,ttintervalL[4],labels='P1' ,cex=0.7,pos=3) 
points(2,ttintervalL[5] ,cex=l,col='red') 
text(2,ttintervalL[5] ,labels='P2' ,cex=0.7,pos=1) 
points(3,ttintervalL[6] ,cex=l,col='red') 
text(3,ttintervalL[6],labels='P3' ,cex=0.7,pos=1) 
RRinterval<-array(0,6) for(j in 1:6) 
{ 

RRinterval[j]<-ttintervalH[j]+ttintervalL[j] 
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} 
y<-c(0,1,2) 
plot(y,type='l' ,ylab='mean width of higer and lower 
peak' ,col='white') 
lines(RRinterval[1:3] ,type='l') 
points(1,RRinterval[1] ,pch=24,cex=1) 
text(1,RRinterval[1] ,labels='V1' ,cex=0.7,pos=1) 
points(2,RRinterval[2],pch=24,cex=1) 
text(2,RRinterval[2] ,labels='V2' ,cex=0.7,pos=3) 
points(3,RRinterval[3] ,pch=24,cex=1) 
text(3,RRinterval[3] ,labels='V3' ,cex=0 .7,pos=3) 
lines(RRinterval[4:6] ,type='l' ,col='red') 
points(1,RRinterval[4],cex=1,col='red') 
text(1,RRinterval[4] ,labels='P1' ,cex=0.7,pos=3) 
points(2,RRinterval[5] ,cex=1,col='red') 
text(2,RRinterval[5] ,labels='P2' ,cex=0.7,pos=1) 
points(3,RRinterval[6] ,cex=1,col='red') 
text(3,RRinterval[6] ,labels='P3' ,cex=0.7,pos=1) 

# Compare the average value of lower peak for volunteers and 
patients 

y<-c(0,0.25,0.5) 
absttvalueintervalL<-abs(ttvalueintervalL) 
plot(y,type='l',ylab='mean value of lower peak' ,col='white') 
points(2,absttvalueintervalL[1],pch=24,cex=1) 
text(2,absttvalueintervalL[1],labels='V1' ,cex=0.7,pos=3) 
points(1,absttvalueintervalL[2],pch=24,cex=1) 
text(1,absttvalueintervalL[2] ,labels='V2' ,cex=0.7,pos=3) 
points(3,absttvalueintervalL[3] ,pch=24,cex=1) 
text(3,absttvalueintervalL[3] ,labels='V3',cex=0.7,pos=3) 
lines(c(absttvalueintervalL[2] ,absttvalueintervalL[1], 
absttvalueintervalL[3]),type='l') 
lines(absttvalueintervalL[4:6] ,type='l' ,col='red') 
points(1,absttvalueintervalL[4] ,cex=1,col='red') 
text(1,absttvalueintervalL[4] ,labels='P1' ,cex=0.7,pos=1) 
points(2,absttvalueintervalL[5] ,cex=1,col='red') 
text(2,absttvalueintervalL[5],labels='P2' ,cex=0.7,pos=1) 
points(3,absttvalueintervalL[6] ,cex=1,col='red') 
text(3,absttvalueintervalL[6] ,labels='P3' ,cex=0.7,pos=1) 

A.5 Clustering analysis of the feature vectors for the 
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electrocardiogram data for group of patients and group of volunteers 

# Distance function for two vectors 

distance<-function(y1,y2) 
{ 

n<-length(y1) 
sum<-0 
for(i in 1:n) 
{ 

sum<-sum+(y1[i]-y2[i])*(y1[i]-y2[i]) 

} 

} 
dis<-sqrt(sum) 
dis 

# K-means clustering analysis for the electrocardiogram data of 
volunteers and patients # Read the file of the feature vectors for 
volunteers and patients 

ttresult1<-read.table('result.txt') 
ttmaximumH<-ttresult1$V1 
ttrangeH<-ttresult1$V2 
ttmaximumL<-ttresult1$V3 
ttrangeL<-ttresult1$V4 
ttintervalH<-ttresult1$V5 
ttintervalL<-ttresult1$V6 
ttvalueintervalL<-ttresult1$V7 
v1<-c(ttmaximumH[1],ttrangeH[1],ttmaximumL[1] ,ttrangeL[1] ,ttintervalH[1], 
ttintervalL[1],ttvalueintervalL[1]) 
v2<-c(ttmaximumH[2] ,ttrangeH[2],ttmaximumL[2] ,ttrangeL[2] ,ttintervalH[2], 
ttintervalL[2] ,ttvalueintervalL[2]) 
v3<-c(ttmaximumH[3],ttrangeH[3],ttmaximumL[3] ,ttrangeL[3],ttintervalH[3], 
ttintervalL[3] ,ttvalueintervalL[3]) 
p1<-c(ttmaximumH[4],ttrangeH[4],ttmaximumL[4],ttrangeL[4] ,ttintervalH[4], 
ttintervalL[4] ,ttvalueintervalL[4]) 
p2<-c(ttmaximumH[5] ,ttrangeH[5],ttmaximumL[5] ,ttrangeL[5] ,ttintervalH[5], 
ttintervalL[5] ,ttvalueintervalL[5]) 
p3<-c(ttmaximumH[6],ttrangeH[6],ttmaximumL[6],ttrangeL[6],ttintervalH[6], 
ttintervalL[6] ,ttvalueintervalL[6]) 
tvp<-c(v1,v2,v3,p1,p2,p3) 
center1<-c(0.5,0.9,0 . 1,0.6,0.03,0.7,-0 . 1) 
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center2<-c(0.2,0.6,0.2,0.5,0.01,0.9,0) 
clusterpos<-c(O,O,O,O,O,O) 
resultclusterpos<-clusterpos 
resultcenter1<-center1 
resultcenter2<-center2 
stopdistance<-0.01 
tempdistance<-1 

while(tempdistance>stopdistance) 
{ 

# new clustering 
for (i in 1:6) 
{ 

} 

s<-7*(i-1)+1 
tempv<-tvp[s:(s+6)] 
d1<-distance(tempv,center1) 
d2<-distance(tempv,center2) 
if((d1<-d2)==TRUE) 

{ 

clusterpos[i]<-1 
} 

if((d1>d2)==TRUE) 
{ 

clusterpos[i]<-2 
} 

# new centers and tempdistance 
c1num<-O 
c2num<-O 
c1new<-c(O,O,O,O,O,O,O) 
c2new<-c(O,O,O,O,O,O,O) 
for(i in 1:6) 

{ 

s<-7*(i-1)+1 
tempv<-tvp[s: (s+6)] 
if((clusterpos[i]==1)==TRUE) 

{ 

c1num<-c1num+1 
c1new<-c1new+tempv 

} 

if((clusterpos[i]==2)==TRUE) 
{ 

c2num<-c2num+1 

78 



} 

c2new<-c2new+tempv 
} 

} 
c1new<-c1new/c1num 
c2new<-c2new/c2num 
tempdistance<-distance(center1,c1new)+distance(center2,c2new) 
resultcenter1<-c(resultcenter1,'#',c1new) 
resultcenter2<-c(resultcenter2,'#',c2new) 
resultclusterpos<-c(resultclusterpos,'#' ,clusterpos) 
center1<-c1new 
center2<-c2new 

# Plot the result of K-means clustering method of volunteers and 
patients 

center<-c(0,2) 
index<-c(0,1) 
plot(center,index,ylab='Mean value of 
range of higher peak' ,col='white',xlab='Mean value of range of lower 
peak') 
points(ttrangeH[1],ttrangeL[1] ,pch=24) 
text(x=ttrangeH[1],y=ttrangeL[1] ,labels='V1' ,pos=4) 
points(ttrangeH[2],ttrangeL[2] ,pch=24) 
text(x=ttrangeH[2] ,y=ttrangeL[2],labels='V2' ,pos=4) 
points(ttrangeH[3] ,ttrangeL[3],pch=24) 
text(x=ttrangeH[3] ,y=ttrangeL[3] ,labels='V3' ,pos=4) 
points(ttrangeH[4],ttrangeL[4],col='red') 
text(x=ttrangeH[4],y=ttrangeL[4] ,labels='P1' ,pos=2) 
points(ttrangeH[5],ttrangeL[5],col='red') 
text(x=ttrangeH[5] ,y=ttrangeL[5],labels='P2' ,pos=2) 
points(ttrangeH[6] ,ttrangeL[6],col='red') 
text(x=ttrangeH[6] ,y=ttrangeL[6] ,labels='P3' ,pos=2) 
points(0.9,0.6,pch=23) text(0.9,0.6,labels='C10',pos=1,cex=0.7) 
points(1.4712,0.6147,pch=23) 
text(1.4712,0 . 6147,labels='C11' ,pos=1,cex=0.7) 
points(1.6086,0.6185,pch=23) 
text(1.6086,0.6185,labels='C12' ,pos=1,cex=0.7) 
points(0.6,0 .5,pch=22,col='red') 
text(0.6,0.5,labels='C20' ,pos=1,cex=0.7) 
points(0.6675,0.5313,pch=22,col='red') 
text(0.6675,0.5313,labels='C21',pos=1,cex=0 . 7) 
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points(0.7945,0.5653,pch=22,col='red') 
text(0.7945,0.5653,labels='C22',pos=1,cex=0.7) 
arrows(0.9,0.6,1.4712,0.6147,type='l') 
arrows(1.4712,0.6147,1.6086,0.6185,type='l') 
arrows(0.6,0.5,0.6675,0.5313,tpye='l',col='red') 
arrows(0.6675,0.5313,0.7945,0.5653,tpye='l',col='red') 
arrows(1.3,0,0.9,1.1,type='l') 
text(x=1.2,y=0.3,labels='Final 
Boundary' ,pos=4) 

# Hierarchical clustering analysis for the electrocardiogram data of 
volunteers and patients # Read the file of the feature vectors for 
volunteers and patients 

ttresult1<-read.table('result.txt') 
ttmaximumH<-ttresult1$V1 
ttrangeH<-ttresult1$V2 
ttmaximumL<-ttresult1$V3 
ttrangeL<-ttresult1$V4 
ttintervalH<-ttresult1$V5 
ttintervalL<-ttresult1$V6 
ttvalueintervalL<-ttresult1$V7 
v1<-c(ttmaximumH[1],ttrangeH[1] ,ttmaximumL[1] ,ttrangeL[1],ttintervalH[1], 
ttintervalL[1] ,ttvalueintervalL[1]) 
v2<-c(ttmaximumH[2],ttrangeH[2] ,ttmaximumL[2] ,ttrangeL[2],ttintervalH[2], 
ttintervalL[2],ttvalueintervalL[2]) 
v3<-c(ttmaximumH[3],ttrangeH[3] ,ttmaximumL[3] ,ttrangeL[3] ,ttintervalH[3], 
ttintervalL[3] ,ttvalueintervalL[3]) 
p1<-c(ttmaximumH[4] ,ttrangeH[4],ttmaximumL[4] ,ttrangeL[4],ttintervalH[4], 
ttintervalL[4] ,ttvalueintervalL[4]) 
p2<-c(ttmaximumH[5],ttrangeH[5] ,ttmaximumL[S] ,ttrangeL[S] ,ttintervalH[5], 
ttintervalL[5],ttvalueintervalL[5]) 
p3<-c(ttmaximumH[6] ,ttrangeH[6] ,ttmaximumL[6] ,ttrangeL[6] ,ttintervalH[6], 
ttintervalL[6] ,ttvalueintervalL[6]) 
tvp<-c(v1,v2,v3,p1,p2,p3) 
resultmergeorder<-c(O,O) 
resultcenter<-tvp 

for(i in 1:4) 
{ 

com<-(7-i)*(6-i)/2 
tempdistance<-array(100,com) 
tempdistancex<-array(O,com) 
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} 

tempdistancey<-array(O,com) 
j<-1 
for(m in 1:(6-i)) 

{ 

s1<-7*(m-1)+1 
tempv1<-tvp[s1:(s1+4)] 
for(n in (m+1):(7-i)) 

{ 

} 

s2<-7*(n-1)+1 
tempv2<-tvp[s2:(s2+4)] 
tempdistance[j]<-distance(tempv1,tempv2) 
tempdistancex[j]<-m 
tempdistancey[j]<-n 
j<-j+1 

temppos<-minpostion(tempdistance) 
resultmergeorder<-c(resultmergeorder,'#',c(tempdistancex[temppos], 
tempdistancey[temppos])) 
newleng<-7*(6-i) 
newtvp<-array(O,newleng) 
new<-1 
for (k in 1: (7-i)) 

{ 

} 

if(k!<-tempdistancex[temppos]& k!<-tempdistancey[temppos]) 
{ 

} 

for (t in 1:7) 
{ 

} 

m<-7*(new-1)+t 
n<-7*(k-1)+t 
newtvp[m]<-tvp[n]} 
new<-new+1 

m<-tempdistancex[temppos]-1 
n<-tempdistancey[temppos]-1 
newtvp[(newleng-6):newleng]<-(tvp[(7*m+1):(7*(m+1))]+ 
tvp[(7*n+1) : (7*(n+1))])/2 
tvp<-array(O,newleng) 
tvp<-newtvp 
resultcenter<-c(resultcenter,'#' ,tvp) 
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# Andrew-Plots clustering analysis for the electrocardiogram data of 
volunteers and patients 

# Read the file of the feature vectors for volunteers and patients 

ttresult1<-read.table('result.txt') 
ttmaximumH<-ttresult1$V1 
ttrangeH<-ttresult1$V2 
ttmaximumL<-ttresult1$V3 
ttrangeL<-ttresult1$V4 
ttintervalH<-ttresult1$V5 
ttintervalL<-ttresult1$V6 
ttvalueintervalL<-ttresult1$V7 
v1<-c(ttmaximumH[1] ,ttrangeH[1],ttmaximumL[1],ttrangeL[1] ,ttintervalH[1], 
ttintervalL[1] ,ttvalueintervalL[1]) 
v2<-c(ttmaximumH[2] ,ttrangeH[2] ,ttmaximumL[2] ,ttrangeL[2] ,ttintervalH[2], 
ttintervalL[2] ,ttvalueintervalL[2]) 
v3<-c(ttmaximumH[3] ,ttrangeH[3] ,ttmaximumL[3] ,ttrangeL[3] ,ttintervalH[3], 
ttintervalL[3],ttvalueintervalL[3]) 
p1<-c(ttmaximumH[4],ttrangeH[4] ,ttmaximumL[4] ,ttrangeL[4] ,ttintervalH[4], 
ttintervalL[4],ttvalueintervalL[4]) 
p2<-c(ttmaximumH[5] ,ttrangeH[5],ttmaximumL[5],ttrangeL[5] ,ttintervalH[5], 
ttintervalL[5] ,ttvalueintervalL[5]) 
p3<-c(ttmaximumH[6] ,ttrangeH[6],ttmaximumL[6],ttrangeL[6] ,ttintervalH[6], 
ttintervalL[6] ,ttvalueintervalL[6]) 

#First-formula Andrew-Plot clustering analysis 

window() 
AndrewValue<-seq(-1.5,4.5,6/200) 
plot(AndrewValue,col='white') 
m<-100 
y<-array(0,2*m) 
t<-(-m:(m-1))*pi/m 
y<-v1[1]/sqrt(2)+v1[2]*sin(t)+v1[3]*cos(t)+v1[4]*sin(2*t)+v1[5]*cos(2*t) 
+v1[6]*sin(3*t)+v1[7]*cos(3*t) lines(y,type='p') 
y<-v2[1]/sqrt(2)+v2[2]*sin(t)+v2[3]*cos(t)+v2[4]*sin(2*t)+v2[5]*cos(2*t) 
+v2[6]*sin(3*t)+v2[7]*cos(3*t) lines(y,type='p',col='red') 
y<-v3[1]/sqrt(2)+v3[2]*sin(t)+v3[3]*cos(t)+v3[4]*sin(2*t)+v3[5]*cos(2*t) 
+v3[6]*sin(3*t)+v3[7]*cos(3*t) lines(y,type='p',col='blue') 
y<-p1[1]/sqrt(2)+p1[2]*sin(t)+p1[3]*cos(t)+p1[4]*sin(2*t)+p1[5]*cos(2*t) 
+p1[6]*sin(3*t)+p1[7]*cos(3*t) lines(y,type='l') 
y<-p2[1]/sqrt(2)+p2[2]*sin(t)+p2[3]*cos(t)+p2[4]*sin(2*t)+p2[5]*cos(2*t) 
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+p2[6]*sin(3*t)+p2[7]*cos(3*t) lines(y,type='l' ,col='red') 
y<-p3[1]/sqrt(2)+p3[2]*sin(t)+p3[3]*cos(t)+p3[4]*sin(2*t)+p3[5]*cos(2*t) 
+p3[6]*sin(3*t)+p3[7]*cos(3*t) lines(y,type='l',col='blue') 

# Second-formula Andrew-Plot clustering analysis 

window() 
AndrewValue<-seq(-1.5,4.5,6/200) 
plot(AndrewValue,col='white') 
m<-100 
y<-array(0,2*m) 
t<-(-m:(m-1))*pi/m 
y<-1/sqrt(2)*(v1[1]+v1[2]*(sin(t)+cos(t))+v1[3]*(sin(t)-cos(t)) 
+v1[4]*(sin(2*t)+cos(2*t))+v1[5]*(sin(2*t)-cos(2*t)) 
+v1[6]*(sin(3*t)+cos(3*t))+v1[7]*(sin(3*t)-cos(3*t))) 
lines(y,type='p') 
y<-1/sqrt(2)*(v2[1]+v2[2]*(sin(t)+cos(t))+v2[3]*(sin(t)-cos(t)) 
+v2[4]*(sin(2*t)+cos(2*t))+v2[5]*(sin(2*t)-cos(2*t)) 
+v2[6]*(sin(3*t)+cos(3*t))+v2[7]*(sin(3*t)-cos(3*t))) 
lines(y,type='p' ,col='red') 
y<-1/sqrt(2)*(v3[1]+v3[2]*(sin(t)+cos(t))+v3[3]*(sin(t)-cos(t)) 
+v3[4]*(sin(2*t)+cos(2*t))+v3[5]*(sin(2*t)-cos(2*t)) 
+v2[6]*(sin(3*t)+cos(3*t))+v2[7]*(sin(3*t)-cos(3*t))) 
lines(y,type='p',col='blue') 
y<-1/sqrt(2)*(p1[1]+p1[2]*(sin(t)+cos(t))+p1[3]*(sin(t)-cos(t)) 
+p1[4]*(sin(2*t)+cos(2*t))+p1[5]*(sin(2*t)-cos(2*t)) 
+p1[6]*(sin(3*t)+cos(3*t))+p1[7]*(sin(3*t)-cos(3*t))) 
lines(y,type='l') 
y<-1/sqrt(2)*(p2[1]+p2[2]*(sin(t)+cos(t))+p2[3]*(sin(t)-cos(t)) 
+p2[4]*(sin(2*t)+cos(2*t))+p2[5]*(sin(2*t)-cos(2*t)) 
+p2[6]*(sin(3*t)+cos(3*t))+p2[7]*(sin(3*t)-cos(3*t))) 
lines(y,type='l',col='red') 
y<-1/sqrt(2)*(p3[1]+p3[2]*(sin(t)+cos(t))+p3[3]*(sin(t)-cos(t)) 
+p3[4]*(sin(2*t)+cos(2*t))+p3[5]*(sin(2*t)-cos(2*t)) 
+p3[6]*(sin(3*t)+cos(3*t))+p3[7]*(sin(3*t)-cos(3*t))) 
lines(y , type='l' ,col='blue') 
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