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Question 4.3

Develop a MATLAB program to compute the turns count in causal moving windows
of duration in the range 50 - 150 ms. Apply the method to the EMG signal in the
file emg_dog2.dat, (see also the file emg_dog2.m) study the results for different
thresholds in the range 0-200 pV.

Compare the envelope, RMS, and turns count curves in terms of their usefulness as
representatives of inspiratory airflow (data provided in the file emg_dog2_flo.dat)
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Now, we will take the third assignment of the fourth tutorial. Here what we have to do
that, we have to look at that compute the turns count in a causal window ok. Between the
range that 50 to 150 millisecond and apply the method of the on the EMG signal, same
EMG signal and study the effect of different thresholds ok. That compare the envelopes
envelope RMS and turns count in their from the usefulness of it and along with the
inspiratory air flow ok, which is giving the amount of activity that is done first thing to

note here that why the turns count is actually compared with the envelope or RMS ok.

That envelope or the RMS they are giving the amplitude of the signal, same way turns
count is giving the number of the frequency of it or number of times the that same the
muscle fibers are activated on engaged for the job. So that is also gives us that and index
that amount of as a force exerted by those muscles ok. So they should be comparable in
some way which is actually proportional to the, that the air flow. And here another thing

we need to actually look at that casual moving window. Causal moving window means if



this is the signal say and this is the time and we are looking at a particular instant, our

window should be that the present and the past value.

If we take a window starting from here to here, we are taking some samples in the future
which makes it non causal. So we need to restrict into the signals of the present and in
the past ok. So moving window or m a filter should be taking care of that, that it is they
casual one ok so that is actually we need to that that will help us to have a real time
implementation because in real time you cannot expect that the future sample should be

available.
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Solution 4.3

* The input EMG signal and inspiratory air flow data (emg_dog2.dat and
emg_dog2_flo.dat) is available at:
http://people.ucalgary.ca/~ranga/enel563/SIGNAL DATA FILES/

* Sample MATLAB code to read and display the input EMG is available at:

http://people.ucalgary.ca/~ranga/enel563/SIGNAL DATA FILES/emg dog
2.m

Note: Keep the input signal and the MATLAB codes in the same directo
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So it starts again with the same job of collecting the data, and the corresponding the, that
the MATLAB read file to read that EMG signal and we put them the signal and the
MATLAB code in the same working directory of MATLAB and we proceed with the
task.



(Refer Slide Time: 03:09)

P 4SS e, ED

Solution 4.3

Read Input EMG signal and its envelop ~ers = Losd(eng dos2.dat');

[ fs = 10000;
emg = emg*1000/20;
| | | slen = length(emg);
:W ) NW i {  t = [l:slen]/fs;
" figure;

subplot (2,1,1); plot(t,emq);

flow=load('emg dog2 flo.dat');
fa2=1000;

slen2=length (flow);
t2=[1:slen2]/fs2;
subplot(2,1,2); plet(t2,flow);
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So, first we read the signal and the task we load the EMG data node that our that
sampling frequency, and we create the time index from the sampling frequency and we
use the comment sub plot the upper part of the plot we put the EMG signal, then we load
that the flow of air that is the result of that movement of these muscles, put it in the
variable flow the corresponding that our that time index, and we use again sub plot
command 2 1 2 to take the lower half of it, to plot that output. So here we get the signal

and the airflow.

So, that is gives us the input as well as the reference, which we are trying to actually
measured with the help of the turns count, and the other 2 techniques that envelope

detection and the RMS what we have learnt in the previous 2 assignments.
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olution 4.3
Envelop of Input EMG

Hd buttersdasign(h, 'buttez'); tztle{‘l-".}':e:‘ec. EMG envelope');
oyt R i ) ylabel ('microvelts');

subplot(3,1,3) ;plot (t2, flow, 'b')

ylabel ('Air flow in liters/second');

title ('Adr flow'):

Full-wave rectification of EMG signal
emg £ = abs(emg');

Low pass filtering of full-wawve
env=filter (Hd butter,emg f):
figure; subplot(3,1,1)

plot(t,emg, 'b'):ylabel('microvolts');
title('Input EMG'):
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So first is we calculate the envelope we have already done that. So we would not go into
the detail that here what it is done that, we have used the that envelope that after the
filtering using the that absolute value; that means, we are having the full wave
rectification we have applied the low pass filter, that the same butter worth filter and we

get that signal and we get the air flow what gives us the index of it.

(Refer Slide Time: 05:21)

] S

olution 4.3
INpUtEMG | = :W — Wq-—-
Envelop of EMG ™\ /J\Vy |
J‘d \\\,—f\_f\,_.,_r". ==

L]

Air flow

.
y )
R

NPTEL ONLINE

IT KHARAGPUR CERTIFICATION COURSES
TeWarH

So, here we are showing the at the top we are showing the EMG signal what is the input;

then envelop of the EMG using full wave rectification and here the that air flow. We see



that EMG envelop it is similar to it especially when we are actually starting that air flow,
but wind while it is decreasing, that I think the air flow it is going down faster compared
to the that effort exerted by the muscles. That is moving in a slower phase as it is

apparent from that EMG output as well as the envelop.
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Solution 4.3
RMS value calculation for various window sizes

M=[find (t==0.050) find(t== 0.080) find(t==0.120) find(t==0.150)];
for i = 1:4
emg_p=[zeros(l,M(i)) emg' zeres(l,M(i))];
r = zeros(l,slen);
for n = M(i):slen+M(i}=-1
r(n-M({i)+l) = sqrt(sum(emg_p(1,n-M(i)+1l:n).*2)/M(i)};

end
RMS emg(i,:) = r;
end
t RMS Valu
figure;
subplot (5,1,1); plot(t,emg); ylabel('EMG');
subplot (5,1,2) splot (t,RMS_emg(l,:)); title('RMS Window size S0msec');
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Now next part that we have to do the RMS calculation that as we have done in the
previous assignment, we are taking 4 different window values that 50 millisecond, 80
millisecond, 120 millisecond, 150 millisecond, and after padding the that input with
appropriate number of zeros in beginning and at the end we are computing the RMS
value within that, and we are taking that in the these variable RMS under whole
underscore that EMG. And we plot that thing that after the, that EMG that we are putting
all of them together. So that first one is our EMG followed by that our RMS output.
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Solution 4.3

RMS value for window size = 50msec
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Here he has showing that output that, we have the EMG signal given and here is the
RMS output. So, we get that for the 50 millisecond, then we get it for 80 millisecond,
then we get it for 120 millisecond, then we get for 150 millisecond and we know that as
we are increasing the window that envelop is becoming more and more smooth and

looks like a real envelop.
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Solution 4.3

RMS value for window size = 80msec
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Solution 4.3

RMS value for window size = 120msec
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Solution 4.3

RMS value for window size = 150msec
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Solution 4.3
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Solution 4.3

Turns Count

extInputSignal = [0, emg', 0);
countLocIndl = 0;
for ind = 2:slen+l
diffl = extInputSignal (ind)=-extInputSignal(ind-1);
diff2 = extInputSignal (ind+l)~- extInputhqnal{Lndj,
if {dlffl d},ffZ(U) Consecutive opposite polarity vall
countlocIndl = countlocIndl + 1;
turnsCountlocl (countLocIndl) = ind;
end
end
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And here we are showing all the actually values together in fact, that is actually help
helps us to get understand that their impact better we are putting all of them together the
first one is the EMG signal this is 50 millisecond, 80, 120 and 150 millisecond that is
why that in the code we have used that 5, that in this way 5, 1, 1, 2 in this in that way we

started with 5 we are making actually 5 rows here.

Next we go for the turns count. Here we need to tell that what is the turns count in case
of turns count what we do? If the signal is EMG signal is jagged signal like this, we
would like to find out that where the slope is changed from positive slope it is going for

negative slope, but negative slope to positive slope. So these are the points we would like



to capture. Now what happens because of presence of noise we may get some
perturbations here and there. To avoid that what is told that we should use a threshold
that after finding out that we should take that it should have whenever we are getting a
chain say this is one turn, we should check that next turn is below this at least this
difference should be there that is the threshold from one turn to the next turn. If any turn

comes in between then; that means this is a false peak that is the way that it is defined.

So, first we check that the first phase of turn; that means, all the turns we get then we go

for that the thresholding operation

(Refer Slide Time: 10:29)
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Solution 4.3

Turns Count

thresh = 50;
countlecInd2 = 0;
for ind = 2:length(turnsCountLocl)-1
turnl = abs(extInputSignal (turnsCountlocl (ind-1)) =
extInputSignal (turnsCountLocl (ind)));
turn2 = abs(extInputSignal (turnsCountLocl (ind)) =
extInputSignal (turnsCountLocl (ind+1)));
if (turnl>thresh) && (turn2>thresh) check if turn length on both side>thresh
countLocInd? = countLocInd? + 1:
turnsCountloc? (countLocInd2) = turnsCountlocl (ind);
end
end
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We look for that the threshold that we are taking that threshold here in this case as 50
and we are checking that difference in the highest should be at least 50; that means, when
the signal would be presence say for example, for the EMG signal, if we look into that
situation that sometimes the EMG signal is present and then there is no activity, then

again EMG signal is present in this case that this region there would be some noise.
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So, some small noises would be there, our threshold should be actually bigger this than
this noise, but much smaller than the actual actually the wave form of the EMG signal or
the signal under consideration ok. So threshold should be selected like that, so that we
can avoid the that noise not only in this portion where actually no signal activity is there,
but those noises are there here also in this period there also it will give us actually false
turns count we would like to avoid that ok. So that is the intention of this that threshold
and we are taking only those, which are having that amount of difference in both the
sides if it is not you simply throw them out and at the final stage we get that output that

here that we are showing that if we change that threshold how that that output varies.
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Solution 4.3

Turns Count

finalTurnsCountloc = turnsCountloc2-1;
turnsCount = zeros(l,length({emg));
turnsCeunt (finalTurnsCountloc) = 1;
Lounting of turns in the selected wWinaow

for 1= 1:4

turnsCountExt = [zeros(l,M(i}/2) turnsCount zeros(l,M(i)/2)];

cl = zeros(l,slen);

for n = lislen

cl(n) = sum({turnsCountExt(l,n:ntM(i)-1)};
end
turnsCountConb(i,:) = el;

end
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So, here we are showing that that how the output varies, first we are showing here that
EMG signal then if we take it as 30 micro volt, this is the that output we get we increase
that to 70 micro volt, this is the output with 120, this is the output then 160 this is the
output, then 200 this is the output. Now if we look carefully then what we get that by
changing the threshold the shape is not actually changing very fast. In fact, for 30, 70,
120 the shape we can say more or less that remains to be the same again in between 70,
120, 160 the shape remains to be the same. Again the same thing we can talk about

threshold 120, 160 and 200 what is happening when we are changing the threshold.



Where we are calculating the turns count first of all another part, we have kept same that
we have taken a actually time window of 50 millisecond that is kept fixed. With that
when we are changing the threshold we are having a reduction in the amplitude ok that if
the initial amplitude was say for 30 when the turns count, it was more than 30 micro volt
here more than 30 then it has come down to 30 in this case then here we see it is below
30, here it is around 20, here it is even lower than that ok. So we see that over all there is
a reduction in the peak, why that is happening that, more and more turns are getting
rejected some of them they are noise peaks. So at the lower threshold the noise peaks are

eliminated to some extent.

But sometimes that there are some spurious signals are there which are maybe because of
some volition that is actually depicted here as small signal which are completely
eliminated at higher peaks see that they are completely absent. So we remove them
completely that spurious peaks and the noise. So those depositions are not there, but as
we are going for that we must be missing some of the real peaks also which is actually
causing the reduction of the amplitude. So if you are interested that at what period that
the signal is present or having sufficient energy, I think each one of them would be
successful. But if we want to follow that change more carefully, I think going for a lower
threshold maybe 70 or 30 would be better in this case and we need to select that with

manual intervention I would say ok.
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So, next what we do? We keep the threshold the same, but the time window for
calculation of the, that turns count is changed ok. That if we change the time window
then what we find each of this signal they become much more smooth, and because the
time window is increased we are integrating over more time. So the total count also if
you see that it was little above 30, now it has gone up to 50, so overall that there is an
increase and what we get here in this case also that as we are increasing the threshold,
that the peaks are actually reducing we are getting read off more and more actually noise
peak, but at the end when we go for the higher state we get that it is getting actually

separated as multiple peaks.

The signal the envelop looks like this, but here in the output it does not look in the same
way because we are missing some low value probably the signal turns ok. Threshold has
become higher than that or in between the noise has come which has actually affected the
change, we are unable to get that the far away that turns and we have missing some

signal turns.
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Solution 4.3
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Next we go for another time window that is 120 millisecond, so 50, 80, 120 we are going
in substation, and in this case we get that it has become much more smooth ok. If you
look at that it has become much more smooth, I think it would be easier to actually
understand that if we go back in time and see that what it was for 80 millisecond, what it

was for the 50 millisecond we see that as we are increasing the time window.



The plots are for the turns count that becoming smooth, 120 millisecond it is smoother,
and now the higher thresholds also are coming better. In fact, that we can say that instead
of going for 30 millisecond, we can go for the 70 milli sorry 30 millivolt, we can go for
the 70 millivolt, threshold also because we are not getting any that output when the
signal is not present the spurious outputs are suppressed as well as it is skipping the

shape pretty intact.
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Turns count for window
size = 150msec and d
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When we go for further 150 millisecond we get again some more improvement in the
smoothness of the envelop, and here we get 120 millisecond also that that 120 microvolt,
when the output is there this is also very close to the, that threshold of 70 microvolt

output except that here.

That it has a actually a fault that instead of a single peak it is it has become 2 peaks, but
if you look at the first one it looks very similar to that and what we get out of that, that a
bigger window is doing actually better averaging and we need to choose that the

threshold carefully to get a good output, we should not unnecessarily make it big.
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And here we are comparing each one of them; we are looking at the EMG output, first
here the EMG output, followed by that the envelope with full wave rectification, then
with the local RMS we get that very similar kind of output again we are getting an
envelope out of that RMS that turns count also interestingly it is giving similar kind of

variation.

We have taken 150 millisecond window which gives us smooth actually envelope or
smooth turns count and we have taken threshold 160 to follow that because very stage
we see that there are burst of energy and there is some actually king kind of thing that. It
is not actually a single up and down there are small small changes are happening in the
EMG signal, the bust of signal they are coming. And however, the air flow is very
smooth compared to that that and it has a abrupt actually end this coming down very

quickly.
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Solution 4.3

Observations:

+ The envelop of RMS values and turns count obtained from bigger window
size is smoother compared to the ones obtained from smaller window size

+ For the smaller threshold, small turns counts are obtained even in the
absence of airflow
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So that is the thing we get out of this comparison and let us conclude our findings what
we get the envelope of the RMS value and the turns count obtained from vigor window

is smooth compared to the one with the smaller window.

So, this is a common phenomenon what we get, and for the smaller threshold small turns
counts are obtained even in the absence of noise flow, that that when there is no flow
there are also some spurious signals are coming, and that is reflected in the output which
is not desirable. So we need to take sufficiently high threshold to get a proper turns count

or proper amount of volition of the muscle fiber.

Thank you.



