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Lecture - 56
Tutorial — IIT (Contd)

We start now the fourth question of tutorial 3.
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] Question 3.4

The files ‘pecl.dat’, ‘pec33.dat’, and ‘pec52.dat’ give three-channel recordings
of the PCG, ECG and carotid pulse signals (sampled at 1000 Hz; you may read
the signals using the program in the file ‘plotpec.m’). The signals in ‘pecl.dat’
and ‘pec52.dat’ are normal; the PCG signal in ‘pec33.dat’ has systolic murmur
and is of a patient suspected to have pulmonary stenosis, ventricular septal
defect, and pulmonary hypertension.

Apply the Pan-Tompkins method for QRS detection to the ECG channel and
the Lehner and Rangayyan method to detect the dicrotic notch in the carotid
pulse channel. Extrapolate the timing information from the ECG and carotid
pulse channels to detect the onset of 51 and s2 in the PCG channel. What are
the corrections required to compensate the delays between the
corresponding events in the three channels?

! NPTEL ONLINE
IIT KHARAGPUR CERTIFICATION COURSES

TeWao M

Here, we deal with the PCG signal or Phonocardiogram. 3 recordings of ECG signals are
given and each of them they are 3 channel recordings. And they are sampled at thousand
hertz. Out of these, the first 2 a normal, the third one is suffering from systolic murmur
and systolic murmur means there is sound of that heart or murmur that is found in the
PCG signal. And the patient is suspected of having pulmonary stenosis; that means,
narrowing of the artery that living to that the right ventricular to the lung and ventricular
septal defect; that means there is some opening in that the layer which is separating the

left and the right ventricle.

So, there is some whole in that. So, that is also causing turbulence. And pulmonary
hypertension maybe there; that means, the pressure is higher than the normal. So, all
these things can call actually more turbulence giving rise to that murmur which is
recorded in the pec33 dot dat. Now, to get actually that the PCG signal, we need to take
the help of 2 other signals; the QRS in the ECG and we use the Pan-Tompkin algorithm



to detect that. And for that that carotid pulse, we need to find that dicrotic notch, for that
the Lehner and Rangayyans method is used. And these to helps to find out the onset of S
1 and S 2 in the PCG channel and there will be some delay in this process.

So, how do we compensate for the delay, so, that is the exercise given to us.

(Refer Slide Time: 02:36)
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Solution 3.4

+ Three input signals (pecl, pec33 and pec52) are available at:
http://people.ucalgary.ca/~ranga/enel563/SIGNAL_DATA FILES

+ Sample MATLAB code to display the input signal is available at:
http://people.ucalgary.ca/~ranga/enel563/SIGNAL DATA FILES/plotpec.m

Note: Keep the input signal and the MATLAB codes in the same directory,
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So, first we start with downloading that the data and that MATLAB file to read those
data. And we need to keep them in the working directory of the MATLAB ok. We need

to put them in the same directory because that is the way the path is given in the whole.
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Solution 3.4

Input PCG, ECG, and Carotid 4 12 T —§2
Pulse Signal g °f s 1

Detect QRS Complex using a R
Pan-Tompkins Algorithm ' |

Detect Dicrotic Notch using D - R e A
Lehner-Rangayyan Method = ' T

Extrapolate QRS and Dicrotic b I I TR
Information to detect
S1and S2in PCG
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So, here we see the 3 signal side by side, that at the top we get the PCG signal here, then
ECQG, then carotid pulse that in the PCG signal unless there is murmur, the S 1 and S 2

this 2 that that waves these 2 are not that prominent and there will be lot of noise.

So, S 1 and S 2 may get actually worried in noise. So, we need to take the help of the
other signals that is ECG, that QRS complex of the ECG and the dicrotic notch for this
deep, these 2 to help to detect S 1 and S 2. Now, how that happens that when the QRS
complex comes then the ventricles get they get compressed and gives rise to that starts
the flow of the blood in the arteries and that gives rise to the murmur, if there is any
construction or if any other defect is there. So, that gives rise to the first signal S 1 in the
PCG. Then, at the end of that does the compression of the ventricle that when it is
starting to relax then to hold that pressure, the valve in between the ventricles and the

arteries they close.

So, that the pressure is maintained and that gives rise to actually a small deep in the
carotid pulse signal that is the pressure at the carotid pulse. And at that time also there is
some turbulence because of the change of pressure and that reflects as the second wave
or S 2 wave. So, here in this picture, we are showing that that QRS complex if we use the
pentagon algorithm, we can find it out easily and that helps to give us the S 1 and that the
dicrotic notch, we can get using the Lehner and Rangayyan algorithm which helps to find
out that S 2. So, that is the task we are assigned to. And let us look at that how we

proceed.
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Solution 3.4: Pan-Tompkins Algorithm for QRS Detection

ECG signal—= Bundpass filler 8= Differentiotor [~ ::;‘IL:_I:;‘I“:' = MA integrator 8= QRS peaks
ertic -
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So, what we have taken here? We are explaining the block diagram of the pentagon
algorithm where the band pass filter is there, followed by Differentiator, Squaring
Operation and the Ma filter.

(Refer Slide Time: 06:01)
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Solution 3.4 Cont....
Preprocessing: Input ECG signal and the removal of base-line drift artifact
from the input ECG signal

%% Pre-processing
pec = load('pecl.dat') i¥loading data
pec(:,1) < PCG, pec(:,2)

. =g~ 0Nl W g \‘.'/w
~
\,\,,"
Nu = [1 -21]; De = [1 -P1];
hd = dfilt.df2(Nu,De);%creating
i digital filter (Direct )
i l,-ﬂrmf.e..—‘r‘ AR AA A A A A A A ecg filterihd.pec(:,Z}]: ering

t h'.' :; 5 L
Plot the input ECG and the removed base-line
drift artifact signal using subplot command
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And before that before we take up the things, we pre process that ECG signal, we try to
remove the baseline drift. Here, in the left we see the ECG signal is suffering from the

baseline drift and that is removed by a filter with putting a 0 at the DC frequency and



followed by a actually along with a pole is also there to make that the signal in such a

way that other low frequency components are not actually affected that much.
So, we are able to remove the baseline wandering.
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] Solution 3.4 Cont....

Input PCG, ECG, and Carotid pulse signal sampled at 1000 Hz

FLlot few cycles from the nput
1 I st = 1050; Startir
"'ll"":""'_i"'i""'7”"" |I & """""' i i"'-""’ ed = 6800; End poin
- PCG = pec(st:ed,l);%PCG
Crot = pec(st:ed,3);%Carotid Pul
ecg = ecg(st:ed);SECC
) ecg = ecg/max(abs (ecq)):
A | e il i A e PCG = PCG/max(abs (PCG));
o fs = 1000;%sampling rate
slen = length(ecq);
t=(l:slen]/fs;

Plot the input PCG, ECG and Carotid pulse signal
using ‘subplot’ command
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So, once the pre processing is done, let us look at that how we need to proceed. So, as a
first part, we show all the 3 signals together. We did the PCG signal and we plot them in
the left hand side. Here, that we are taking a small part of it that a small part of the signal
we have taken for actually the purpose of plot that starting point and endpoint is given,
we have taken only that part. So that, we can have a better plot and sampling frequency
we know that it is 1000 hertz. So, we have used this information to make a good plot

here.
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Solution 3.4 Cont....
Low-pass Filter: First step to achieve band-pass filtering
M= (100000-2000001)
De = [1 -2 1] * 32;

ol ety et Al il hdl = dfile.df2 (Nu,De);
ecq_out1=fiiter[hdl,ec'q};
ecg_outl=ecg outl - mean(ecg_outl);
ecg_outl=ecg_cutl/max (abs(ecg_outl));

Plot the input ECG and Low-pass filtered ECG
using ‘subplot’ command
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So that, first thing is that we need to go for that our Pan-Tompkins algorithm is to have a
band pass filter which is actually prepared with the help of a low pass filter and a high
pass filter. That low pass filter here that in this case we get that the output, we are getting
that high frequency, the noises are subdued, the power frequency hammond and high
frequency noise they are subbed here and for that that Pan-Tompkin has given the

numerator and the denominator.

So, we have made use of that numerators coefficient and denominator coefficient and
created the filter here and we have passed that actually that was the filtered is made we
converged that with the ECG signal to get the output and then we have removed that
mean as well as we have normalize that signal to make it actually win between minus 1

to plus 1 ok.
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Solution 3.4 Cont....
Low-pass Filter: First step to achieve band-pass filtering

Numerator and der inator coeffs.
[1000002000001],
[l =2 1] * 32;
ng digital filter (Direct Form

Nu
Da

II)

hdl = dfilt.dfzmu De) ;

Filtering the ECG signal with LF

&cg_outl= fllter[hdl ecq);
ormallzat

ecg_outl=ecg_ our.l - mean(ecqg_outl);

ecg_outl=ecg_cutl/max (abs(ecg_outl));:

Plot the input ECG and Low-pass filtered ECG
using ‘subplot’ command

First Two Cycles
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So, we have shown the plot and now let us proceed for the next step of that it before that,
we just show that more carefully we have shown only the first 2 cycle so that, we can

appreciate the change better.
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R R RN N R

Solution 3.4 Cont....
High-pass Filter: Last step to achleve band-pass flltenng
S b o
032-32000
1]
De = (1 -1] * 32;

lator coeffs.
DDDOOOO
0

0000
00000000000

ecq_ outZ f.1. ter[hd2 ecg outll
ecg_out2=[ecqg out2 (1:40)*0.25;
ecg_out2(4l:end)];

ecg_out2=ecg_out2 - mean(ecqg_outl);
ecq_outZ=ecg outZ/max (abs(ecq outZ)};"

First Two Cycles Plot the Low-pass filtered ECG and Band-pass filtered ECG
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And let us now proceed for the last step of the band-pass filter.

Again, we have another filter that after the low pass filter, we have a high pass filter here
and the denominator and the numerator are given here. Numerator coefficient numerator

coefficients and denominator coefficients, we have created that the filtered direct from 2



structure and we convolve it with the output of the low pass filter and then, we are
actually we are finding that there is some transient at the beginning. So, we are
deemphasizing them. We are making them actually one fourth of the amplitude for the
first 40 coefficients and rest of it remains the same. And then, we are subtracting the

mean and we are again normalizing it de-normalizing, I would rather say.

So,. So, that is what we have done. So, here is the plot we get that first, we have the plot
that we see that in this case, that the p and the t wave they are subdued and the QRS
complex that remains to be prominent, but the shape is changed after the this band-pass

filter.
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Solution 3.4 Cont....

Derivative Filter: Band-pass filtered ECG is applied to derivative filter

Nu= (210 -1-2;
De = [1 ] * 8;

hd3 = dfilt.df2(Nu,De);

ecq_out3=fi‘_tler (hd3,ecg_out2);
ecg_out3=ecg_out3 - mean(ecg_out3):

ecq_out3=ecg_out3,fmax {abs tecg_uutﬂ} ):

Plot the Band-pass filtered ECG and the
output of derivative filter

First Two Cycles
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So, now, let us go for the next step that is the derivative filter which is applied on the
band pass filter ECG. So, the derivative filter is also provided by Pan-Tompkins. They
have told what should be the form. So, we have created a filter that out of it that direct
form 2 filter and passes that band-pass filter output through this new filter convert with
this new filter and again that same step of baseline removal and the normalization or

renormalization is done.

So, with that, we get the cycles of that output of the derivative filter. And derivative filter
output, we can get that the signal waveform is much more actually changed; however,
now the QRS complex that it has become more prominent and we have more symmetric

than the previous one ok. And when we look at the first 2 cycles, we can get the change



clearly and it has actually become like 2 sets of the ripples near the ¢ QRS complex, both

positive and negative sides are there to it and let us proceed for the next step.

(Refer Slide Time: 12:43)
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Solution 3.4 Cont....
Squaring

Squaring
ecqg outd = ecg outd.*2;
ecg_outd =
ecg outd/max(abs(ecg _outd));

Plot the output of derivative filter and
the output of squaring operation
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The Squaring Operation is the next step. We take that point wise square and we
normalize it again and that with that what we get, we get post like structure, then
everything becomes positive and it becomes a little jagged which will be more clear
when we look at only the first 2 cycles that we get the peak, but it is a big jagged

multiple peaks are there.

(Refer Slide Time: 13:06)
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Solution 3.4 Cont....
Squaring
ecq_n;;;:;i .:'ecq_outl. “21
ecg outd =
ecg_outd/max (abs (ecg_outd));
Plot the output of derivative filter and
the output of squaring operation
First Two Cycles
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So, the question remains that which one need to take we need to take as the real
represented in of the QRS complex or rather though we are sure that QRS complex is

there which would indicate as the location we get into the dilemma.

(Refer Slide Time: 13:35)
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Solution 3.4 Cont....
Integration

ecq outdpad = [zeros(l,29)
ecg_outd' zeros(l,28)];
| | for i=30:length(ecg outdpad)-29
ecgs (i-29)=
sum(ecg outdpad(i-29:1))/30;
end
ecgs = ecg5';
ecgS = ecg5/max (abs (ecgS)):

Plot the output of squaring operation
and integration operation
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So, we go to the next step that does the integration. Here, that that we have actually that
30 that point Ma filter is applied and to apply that, we need to actually pad 29 0 at the
beginning and at the end of the signal and then, we have the 30 point Ma filter here. And

again, it is normalize to keep the signal within that 0 to 1.

So, that we get the signal as shown in the left hand side. Now, what we get these signal
what was that jagged peaks. Now, they have merged and giving a clean single peak for
each QRS complex. So, that was what we are looking at that we can get the
unambiguously the location of the QRS complex and that is the actually we get by using
that Ma filter.
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Solution 3.4 Cont....
Integration

ecq outdpad = [zeros(1,29)
ecg_outd' zeros(l,28)];
for i=30:length(ecg outdpad)-29
ecgs (i-29)=
sum(ecg outdpad(i-29:1))/30;
end
ecg5 = ecg5';
ecgS = ecg5/max(abs (ecgS)):
Plot the output of squaring operation
and integration operation

First Two Cycles
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And when we look at the first 2 cycle, we get it more clearly that we can see the jagged
peaks clearly and that helps us to see that after the integration how they much together to

a post.
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] Solution 3.4 Cont....

QRS Complex Location Detection
Thresholding for i=1:length(x)
TH = mean (ecgS) *max (ecq5); R Locations
W= (ecg5 > TH); [R_value({i},R_loc(i)]=max(ecqg(x(i):y(i}}):
Finding location of 0 to 1 ;I R loc{i) = R_loc(i}-1+x(i);% add offset
= find(diff ([0 w']) == 1); [Q_value(i),Q loc(i)]=min(ecq(x(i):R_loc(i)));
] location of 1 te Q loc(i) = Q loc(i)-30+x(i);% add offset
tr ‘ Q_value(i) = ecg(Q loc(i));
find(diff([w' 0]) == -1); S Locations
cel t slay caused [5_value(i) 5_loc(i})] = min( ecg(R loc:y(i)));

=

L=
n

nd F
X=x - (6+16); E‘)J}P,lﬁ')HP end
=y - [E+16}l; y -

S_loc(i) = 8_loc(i)-1+x(1):% add offset
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Next is that QRS Complex Localization. We have to take some threshold and we need to
find out that what is going above the threshold and when it is coming down and then that
is what we are doing here that that is what we are doing here that it is above the

threshold, the threshold is nothing but the mean of that ECG signal and that again a scale



is given ok. So, we have taken the max; that means, the 50 percent of that ECG signal
should come because we have already taken these as a one ok. So, we are just taking a
threshold. I think it is better to tell in that way and we take that differentiation to find out
that when we are getting 0 to 1 transition and 1 to O transition ok. And these 2 transition

gives us that whenever actually QRS complex is starting and ending ok.

So, in between these 2, we have the R wave. And next what we do? We need to do some
compensation of these 2 and we see that we have taken a actually offset 6 plus 16 out of
which, the Da 6 is coming because of the low pass filter and 16 is coming of out of the
high pass filter. Now, how do we get it if we want to know? We need to look at that this
low pass filter and high pass filter again.

(Refer Slide Time: 17:09)

] Solution 3.4 Cont....

Low-pass Filter: First step to achieve band-pass filtering

Nu=[100000-2000001);
De = [1 -2 1] * 32; c
Creating digital filter (Direct Form
IT)

hdl = dfilt.df2 (Nu,De);
ecq_outl=filter (hdl,ecg);
ecg_outl=ecg ocutl - mean(ecg_outl);
ecg_outl=ecg cutl/max (abs(ecg_outl));

Plot the input ECG and Low-pass filtered ECG
using ‘subplot’ command

First Two Cycles
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We need to find it out that the low pass filter what we have taken earlier, that it is giving
us that this signal which is giving a delay of 6 here and that is the reason that we need to

given offset to actually remove that.
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Solution 3.4 Cont....
High-pass Filter: Last step to achieve band-pass filtering

Hu=(-10000000000000
032-32000000000000¢0
1); &

De = [1 -1] * 32; 1

— 1

hd2 = dfilt.df2 (Nu,De);
ecg_out2=filter (hd2,ecg outl);
ecg_out2=[ecqg out2(1:40)*0.25;
ecg_out2(4l:end)];

ecg_out2=ecg _out2 - mean(ecqg_out2);
ecg_outZ=ecg out2/max (abs(ecg outZ)):

First Two Cycles Plot the Low-pass filtered ECG and Ba
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Next, if we look at the high pass filter, again we see here is a 16 point delay. Look at the
numerator structure that it has that that need the numerator 33 coefficients are their
which is giving a delay of 16. So, that also caused the delay in the output. Now, if you
want to find out the location, we need to compensate for that. So, that will help us to go
to the real place where the QRS complex was there. And next, we look for the maximum
point between the 2 points of X and Y which gives us R. If we go a little backward from
that ECG or rather R point look at that that the location of the R and that the minimum
point where it is started that is xi. So, we get the Q point and if you look at one to look at
the Y position rather that S location. We need to look at that in between that here that R
and the Y.

So, these 3 we need to look at. And here, we are having a offset that each of these case as
our inter values in between X I and Y I. We are looking at that the point that will be exact
the value what we get here it is within this range. So, we need to take care of the fact that
it has X I minus 1. So, many actually points before that. So, we need to add that offset to

adjust that point.



(Refer Slide Time: 19:42)

Solution 3.4 Cont....
Pan-Tompkins QRS complex detection output
Plott | Lep oL t of
1 5 y ] & z T i k| i 1 ] Pan-Ton
gos | I I | i figure,
I o v Y subplot(3,1,1),plot (t,ecq),
op A A LA L g ylabel ('ECG'),axis tight;
|1 . 15 2 25 3 35 4 45 & &5
3 T 1 71 1 subplot (3,1,2),plot (t,ecg_out2),
5“ I ‘ 1 ylabel ('"EPF Output'),axis tight;
o 9 F e B
o ! I subplot (3,1,3),plot (t,ecq_outd),
05 1 15 2 15 3 35 4 45 5§ &5 ylabel ('Derivative'),axis tight;
5 08 ]
£ M l L .
fol| | [ ]
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And here, we are showing that step by step that how we are getting that output.
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Solution 3.4 Cont....
Pan-Tompkins QRS complex detection output

Plo

subplot (3,1,1),plot (t,ecq),
ylabel ("ECG'),axis tight;

subplot (3,1,2),plot (t,ecq_outl),
ylabel ("BEF Output'),axis tight;

subplot (3,1,3),plot (t,ecg_outd),
ylabel ('Derivative'),axis tight;

First Two Cycles
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We are showing the first 2 cycles that to make it better that we get the ECG band-pass

output, the derivative one.
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Then, we have that the squared output of the integrator and at the end the QRS the
complex that Q R and S, all the 3 points they are marked on the ECG.

(Refer Slide Time: 20:29)
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Solution 3.4 Cont....
Pan-Tompkins QRS complex detection output

figure,
subplet (3,1,1),plet (t,ecq_outd),
ylabel ('Squared'),axis tight;

subplot(3,1,2),plot (t,ecgd),
ylabel ('Integrated'),axis tight;

I subplot(3,1,3)

I plot(t,ecq, t(Q loc) , Q value,
'ro' t(R_loc) ,R value , 'r*',
t(s_loc) ,S value, 'r*');

W] | = ylabel ("ECG with detected
QRS');legend('ECG','Q",'R','S'};

First Two Cycles
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So, the first 2 cycles they make it more prominent.
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] Solution 3.4 Cont....

Lehner and Rangayyan method to detect the dicrotic notch

Fs = 1000; M
N =8 %0
Fc = 40; % Cut-off Fr y
k o i h = fdesign.lowpass('N,F3dB', N,
- 1 Fc, Fs);

Hd 40 = design(h, 'butter');
Crotl = filter(Hd 40,Crot);%Crot
contains Carcotid pulse signal
Crotl = [Crotl({34:end):
Crotl(slen-32:slen));%To

remove some unwanted samplées

Plot the input Carotid signal and the
output of LPF
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Next, we go for the Lehner and Langayyans method to detect the dicrotic notch. So, first

we remember that what are the inputs we are given. That sampling frequency, it is 1000



that we have that a filter which is 8 point filter, that order is 8 and cutoff frequency is 40.
So, that it is a low pass filter with cutoff frequency 40 and we design that filter using that
3dB that bandwidth and the model order that of the Butterworth filter that, we create that
first the design, then we create the Butterworth filter out of that 840.

And we apply that on the carotid pulse here ok. Filtering the carotid pulse with that low
pass Butterworth filter and at the end of it that we get the signal that we removes the
some unwanted portion that, we are keeping that 34 to m that part. So, we are removing
some initial part that which is having the transient and then you go for the plot of the
signal ok. So, after the Butterworth low pass filter, me get the noise is present earlier
which were visible here they are removed. So, that is a good thing that we could get rid

of those noises.
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Solution 3.4 Cont....
Lehner and Rangayyan: Differentiator

C = [Crotl(2) Crotl(l) Crotl'
Crotl(slen) Crotl(slen-1)];

for n = 3:islent2
P(n-2) = 2 * C(n-2) - C(n-1)
-2 % C{n) - C(n+l)
4+ 2 % Cint2):
end
P=P . 2;% Squared

i : Plot the appended LPF Carotid signal,
output of differentiator and the squared *
signal
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So, that the first task next is that we are going for Differentiator and in fact, that it is
necessary before applying a differentiator, we need to do that low pass filter otherwise

those noises could be magnified and have an impact on the accuracy of the technique.

So, in this case, a second order filter or second derivative is suggested by Lehner and
Rangayyan. And for that, we do some padding. How the padding is done? Our signal is
starting from say x 1 two x 1 than x 2 going up to say x n minus 1 and x n with that, we
are using the reflection to pad both, we are having again x 1 and x 2 and at the end after

this, if you look at that after this what we are having x n plus first x n and then followed



by x n minus 1. So, you get it here. So, that is the way we have increased that length that
to give it the maximum smoothness they are because if you pad with 0 it will

unnecessarily give rise to some high frequency at that point.

So, we have that output here of the Differentiator followed by the squaring operation
point wise squaring operation and then, we plot that signal ok. What we get that we get
all the signal has gone because of the differentiator, we get some pulses here and after

squaring operation that becomes positive, we get some small pulses there.

(Refer Slide Time: 24:48)
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Lehner and Rangayyan: Moving-averag
M= 164;% Window size

P . .[w:eviP[l.l:M)],P,
wrev(P(1,s5len-M+l:slen)}];
sl = zeros(l,slen);

for 1 = MislentM-1

2f 1 for i=1:M

s1(i-M+1) = s1(i-M+1)+
(B{i=7+1)* (M=3+1)):

| i | end

il 1 end

I i | 51(1:200) = 0;%Initial samples

LAY . . i | Plot the moving-average output

Outpat of Maving Avera,
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And next, we apply a moving average a in a filter is applied and that moving average it
makes it makes it more easy to get this peaks and to get that, we have to again plot this to
the scale properly. And what we get 2 peaks are there for each one of them. Out of these
2 peaks, the second peak is important to us in each case that second peak we have to look

at ok.

So, that the plot of the moving average, we have actually given here that after the Ma

filter.
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Dicrotic Notch detection using peak detection algorithm

Finding peaks in MA

[pks, locs] = findpeaka:si);
values and locations peak

[pksl, locsl] = findpeaks(pks); for i = ¥=leng§htbpks}

33 = zeros(l,slen); for )= Dpxs:;]:—l:Dpks[;)—?D
s3(locs(locsl)) = pksl; if {Crotl(]ﬂ} > Crotl(j)) &&

84 = (33>0.5);%Prominent Peaks (Crotl(j-7) > Crotl(j))
[~,a2] = find(s4==1);%Locations ad(i) = Dpks(i) - J; break;
k=1; end
for i=1:length(a2)-1 end
val = a2(i+1) - a2(i): end
if val > 180 && val <340 Dpksl = Dpks - round(mean(a3));
Dpks (k)=a2 (i+1):
k=k+1;

end
end
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That we are seeing it and we use the peak detection algorithm, find peak which is above
that the threshold, we are looking at and that with that that we are finding out the dicrotic
notch which is within 20 milliseconds of the peak. Now, after finding out the second
peak what we are doing, we are going into that the dicrotic notch know that is the carotid
pulse signal, we are looking into that and trying to find out a prominent deep that is; the
pixels which are that that plus minus 7 that they are above these actually point. So, we
are trying to find out the point that both the side there is a actually at least 7 points they
are actually above that point. So, that way we would get not a local peak, but we will get

a prominent one ok.
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Detected Dicrotic Notch

—— plot (t,Crotl, t(Dpksl),
Crotl (Dpksl) , 'e');
legend('Carotid Pulse',
'Dicrotic Notch');:
ylabel(' Carctid Pulse');
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So, that is how the peak we get and then, once we have the carotid pulse detected, we

marked that here in this plot.
(Refer Slide Time: 27:04)
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Plotting detected QRS and Dicrotic notch

v = ones(l,length(Dpksl)};% To show 51 an
figure; subplet(3,1,1);
Plotting PCG with 51 and 52

plot (t, FCG, 'g', t(R_loc) ,v ,'r*', t(Dpksl) ,v, 'ro');

29 in PCC

legend('PCG','S1','S2"); axis tight; axis off;
Plotting ECG with detected QRS
subplot(3,1,2)

plot (t,ecg/max(ecg) ,'k', t(R_lec) ,R_value , 'r*', t(S_loc) ,S_value,
'r*',t(Q loc) , Q value, 'ro');
legend('ECG','R','S','Q"); axis tight; axis off;

Plotting Carotid Pulse signal with Dicrotic netch
subplot(3,1,3);
plot (t,Crotl, t(Dpksl) ,Crotl(Dpksl) , 're');
legend('Carotid Pulse','Dicrotic Notch');axis tight;axis off;
label (' Carotid Pulse');
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Now, we are plotting the QRS and the dicrotic notch which are required to do this job.
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Detected QRS | _
and ]

Dicrotic Notch N Y N Y 7 B ¥/ Y
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Here, we are showing that that at the top, we have the PCG signal. The PCG signal, we
are showing that we are showing the location of the R, which can give us the S that R
wave is here and the carotid pulse signal is marked here, that we are marking here. So,
that is giving the location of that the S 2 point ok. So, that is the way we find out the

location of s 1.

(Refer Slide Time: 27:54)
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Corrections required compensating the delays

+  Pan-Tompkins method the LPF and HPF cause a delay of Z4-6 and Z*-16
which can be compensated by subtracting (6+16) from QRS location
detected

+ The dicrotic notch is located by searching for the minimum in the carotid
pulse signal within a 20ms interval around the second peak location

! NPTEL ONLINE

ITKHARAGPUR CERTIFICATION COURSES

And S 2 and so, what we get that we need corrections for compensating for the delays

used for the 2 techniques. Pan-Tompkin algorithm, we have to fill thus which are giving



rise to sufficient amount of delay that is the low pass and the high pass filter they are

giving the delay of 6 and the 16 delays respectively.

So, that 6 plus 16 22 delays, we need to subtract to adjust the QRS location in along with
the signal. Again, for the dicrotic notch is it is located by that finding out the minimum in
the carotid pulse within 20 millisecond interval around the second peak. So, they are also
it is not exactly allying, we need to such for it and find it out and then only, we can find
the carotid pulse signal and both of these carotid pulse that the dicrotic notch and our that

location of the R wave they help us to find out S 2 and S 1 respectively.

Thank you.



