Introductory Neuroscience & Neuro-Instrumentation
Professor. Hema Hariharan
Indian Institute of Technology Bengaluru
Lecture 34
Introduction to EGLAB, ERPLAB and AEP Demonstration
Hello everyone. So, | will start with the auditory evoked potentials data analysis and processing

using MATLAB with EEGLAB and ERPLAB. So, what we will do is, first we can obtain these
EEGLAB and ERPLAB as, we can obtain that in the website, so we can just download it. And
the most important thing about this is the ERPLABS it has to be copied inside.
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It has to be copied in such a manner that it should be placed inside the plugins of, the plugins of

EEGLAB and so, here we have the ERPLABS pasted inside the plugins of the EEGLAB folder.
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After that, the next thing which we have to do is we have to set the path inside this MATLAB.

So, here we go inside here this option called as set path, and there we add this, add with
subfolders the EEGLABS, this particular folder we will just open it, so that all the plugins along
with the functions all the popup functions, all the different everything will be added into this and
then we just save it and close. So, this is an important step before starting up with this EEGLAP
and ERPLAB.
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Then, then if you just after, after saving and saving it if you just put EEGLAB like that and it
will, it will start running, like it starts working. So, it should start coming like this and you will
get a graphical user interface.
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Then there are as | said, there are various plugins that are there for this particular software. They

are like we can have various importing functions, for importing the different types of EG files.
So, here in this files we can have this EG extensions, manage EG extensions. So, in that, we can
have various options like we can give the different plugins, we can download and we can keep it
inside our plugin folder of EEGLAB. So, for now, we wanted the neuro scans systems EG,

import format, so that has been given over here.

So, here we can just directly import the CNT file using this GUI. So, we just click that, and we
can have the, so | take my AEP data in this. So, this is a cnt file, it is a continuous data file that
has been obtained from the neuro scan system. So, we can just directly open it. If you open it will
ask like, which is the number of bit you want and everything.

So, you just go with all the default parameters that has been given. So, it will give an auto detect
itself, so we can name it however you want. So, we can | just, write it as AEP and then, so if you
have a different name, many subjects you have or you have a different some any IDs or

something like that, you can just paste in that manner itself.
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So, you will get the data set in this. We will, now we have imported the data inside this
EEGLAB. So, over here we can see that the epochs are just one because we have not divided our
EG into epochs, we have just the whole EG bunch of data that has been there. So, here are the
events are, these are the number of events that is there. Events are nothing but the triggers that
we have given. Like for example, now in the case of AEP we have the audio triggers that has

been given. So, we can visualize those triggers also, I will just show you that later.

So, here we have the start and the end time, like first it starts, it starts from 0 to 27 seconds. So
here this, this is a total time length of the experiment we have conducted and then the data size
everything. So, we have, we can give this, externally we can give the channel locations or
sometimes here the EEGLAB itself will have all these channel locations there inside the file

itself.

For example, in, Enobio systems or Open BCI systems and all we can give, we have to manually
do all the, importing the data or the events based on the channel size, channel number, etc. or the
columns number, like that. So, I will just go with this cnt file for now. So, next | will just show

you how the plots look like.
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So, here in this plot session, we have the channel scroll data in this set, in this place, we can see

how the different that these are the 64 channels that are being recorded and then it is, we can
change the access like this is for 5 seconds like that. So, we can make the, make such a manner
that we want 30 seconds per to be seen. So, here if you see, here we have all the triggers, these
are the triggers this, these red lines that is there, those are the triggers and see here, we can have
a lot of artifacts and all can be seen. So, we can manually also reject all this by just selecting like
that, or else we can just do it using the EEGLAB analysis like the artifact rejection protocols.

Here we can change the amplitude or like we can make it, however, smaller, bigger you want and

here we can scroll the data from left to right like we can just move about us and see how the data



looks. So, this is just to see and you have to think, you have to check, what you have to check
mainly is the, which, what is the trigger number over here. So, there are two, here there is, this 2
is our trigger like the AEP triggers this the 2 is our number, the trigger number that we have

recorded over here.
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So, the next step is like the initial preprocessing. Before doing any analysis, we just wanted filter
to be done, just a small filter called as the notch filter, we will just, there are various filters like
the FIR filter or 1IR filters. We will take this notch filter over here and usually for us we will take

a 50 hertz of a notch filter and then just apply it.
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So here, while doing itself there will be,

in this command window there will be how the

processing has been done, how far it has been done, it is all shown and these are the equivalent

commands that we get and this is the, itself gives what the data name you have to be, data set

name you want it, it will only give or you can change according to your wish.
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So, here are these are the equivalent, this is the equivalent command window. So, we will after
doing all these steps, we can just copy all these and put them into our scripts, we can make the
scripts based on that. So, | will just work with this GUI for now. So here, we can give this
channel locations, so for that we just go to this edit, and here we have the channel location. In
this channel location, it is all the default, it is all like the 64 channel data it is like all the default

that has been present. So, we can just go with it.

And then, here we have the different electrodes and its positions and everything, it has been
given and for that, for 64, 69 channels how it looks and everything is we can just look about and



then this is all the default just put in. So it will get, the channel locations will be fid. So here we
have all the channel locations done.
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Now next we have to do is the event list. So, what is this event list. Now, the system this
MATLAB it does not know, like whether what is the, what is the event name, how does it, how
should it look and all it does not know. So, for us we know that okay that, the triggers that are
coming as 2 is our, they are the events for us, but then the system should be given, we have to

give the input to that system, that okay this 2 is for triggers.

So, we just go to the advanced protocol. So here, we have to, this is the event name. So here,
this, this two is the event name that we had given in that is there in the continuous data file and
we just name it as, it will be 1000 hertz and then we assign a number called as this bin. Based on
this bin number only we will be able to, we will be able to do the bin operations or we can, we



can visualize whatever waveforms or ERPs which we require based on this bin numbers and
these inputs be given over here.

So, we just, and we just write accordingly. So, based on what, what triggers based on, like for
AEP it is just 1 trigger, so we can just give one line like this. So, we can just update, update the
line. So, this is how it gets updated and you can just save it also, later on you can use the same
event less. So, just save it and then we can apply it.
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So, what happens is, all these then all the numbers which was named as 2, it will now become
bin 1s or it will be named in that manner. So, that is how, that is why we are doing this particular
step and we can just, this is called as the event list, creating the event list, this particular step is
called as creating the event list. Now, next, what next what we have to do is the epoching. Now,

as | told it is like from 0 to 257 seconds the whole data has been given.

But | require for a particular trigger | want a pre, pre-stimulus | want some 50 microseconds,
milliseconds and after that, | want some 200 milliseconds like that. So, we can just, we can just

decide our time frame of how far we want all this and that is called an epoching.

So, here we can create the epochs, we can extract the bin based epochs, so this is how it looks
and then, so we always keep a pre baseline correction, because we wanted to know how the data
looks before the trigger comes in so that we will get an idea of how it looks and how the base
correction has been done and so, so we will take, for now in this AEP we just require from minus
50 to 200 milliseconds.

So, | just do it in this time frame or we can change it also if you want to 30, 300 or make it 250.
So, like that, we can change however we want and then run it. So, it runs all the data, so it creates
the event list. So, this is how it creates the event the extract the epochs. So, after epoching how

does the data looks.
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So, if | just scroll this data now, this particular data set for this data set. So here we see, this,

these are this, this is the bin values, these are the bins which, which was been assigned for this.
So here, these are all the artifacts that would be recorded. So, what we will see is, I will just
show you how does one epoch look, so I will just make, | will just show one epoch how does it

look.

(Refer Slide Time: 12:30)

& Scrol channel actives - eegplot]) =
Fgue Depley Setings Hep

3 B
a)ﬁ-nmwa WA P 0 N O M M D W M0 W O W 10 W MO W0 W A0 N0 20 2

Time Value

— o =
“ _-- " BB m swz  aen 1 —

leypemmseam o % Hm 9 ] -6 ]




& Scrol channel actvites - eegpict) - 8 X
|Fgwe Dupley Setings Help

% 40 M 20 0 07 W D NV 0 N O WM M D W M0 V0 10 WD B0 W MO W0 W A0 20 20 2

Time Value

- |
o s B e o oma | oo
0 H v -6

=50 |

S0 40 0 20 0 0 W 2 ¥ L0 N O W N D W0 M0 120 W0 W0 150 W0 WO W0 W0 A0 20 20 20

Time Value

. =l
Gz m HE W BB s oaee C—1
HP Type here to search

So here which we, if we see this is the trigger, from this trigger | want just, so it will, it will for

all this, for all triggers, it will show like this, but then we want it from minus 50 to 250. So, | had
just did that extracting the epochs. So, this is how it looks, this is how the one, just one epoch
looks. So, similarly, there are nearly 120 events that will be there, so there will be 120 epochs
that will be created in this manner.
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For this, further, if you do some artifact rejection and everything some of these epochs and all
will be reduced, it will be, it will be removed due to the artifacts the present. So, those now all
these ERPs and all its comes in so microvolts in that range it comes. So, just one epoch if you
visualize, if you want to see how one epoch or one, how the waveform of one epoch looks it will
be very, very less. So, for that reason only how many of our events are there, we average all

together that and then obtain.

That is why we have any experiment if you do also, we do not do just for one trigger, for just one
tone we do not do, we do for some money 120 triggers or 150 triggers or sometimes even 1000

triggers. So, it depends upon the experiment as such.



(Refer Slide Time: 13:55)

& ol a0 - 8 x

BOUB P Ditaes Hep Fie Bt Took Plot Shudy




@ e - 0 X
EOUB TPt Datasets Hep Fie Ede Took Plot Study

@ e - 8 X
EOUB Pt Datasets Hep Fie Ede Took Plot Study N




@ e =
BOUB Pt Datasds Hep Fie Bt Took Plt Stody

@ scasamn - 8 X
BOUB P Dataes Hep Fle Bt Took Plt Study

So, next, I will just do the artifact rejection. So, artifact detection first we will do is using this
threshold voltage, threshold this is the most commonly used threshold artifact rejection method
that they have used. Now, what we have to do is in this there are so many channels, in this, |
want only these 64 channels alone to be crossing the certified rejection. The other channels if

you take, it will result in all the events to be rejected.

So, that is why 1 just take only till the 64, the trigger channels especially and this EMG, EKG
channels and all you should not select for artifact rejection because it will, it will reject the whole
data set like all whichever data we require it will all take off, I mean it will just reject of all



those. So, we just take only the first 64 channels and here we have the time period from 200, so it

will be from 2, minus 52 to 250 second.

And then the voltage limits, as | told you always the artifact rejection it will take only from
minus 50 minus, minus 100 to plus 100 microvolts. So, this is, this particular we can change
accordingly to what you think the, not the voltage limit should be. So, mostly it will be minus

100 to 100 alone. Then we just, do the artifact rejection.
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So, here if you see, see this, here the red colored the this red colored this selected channels over
here they are called, they are the rejected ones. Here these red-colored ones, are the rejected
categories. So, we can just check how many of them are being rejected, how many are being

accepted, we can check in the command window.

So over here, we have selected so many channels, in this channel almost 150, 125 of them are
being accepted. Like means, which means that of in that particular voltage range, for these
particular channels alone, these many, so these 125 events or the triggers are being or these many

epochs are being accepted and 18 of them are being rejected. So, this usually it will be, it will be



like a 80-20 percent like this only it will be. Because there will be a lot of artifacts as, as |

mentioned.

So then what happens is, if you, as | told you, if you do that trigger channels, if you select then,
then the whole set of all the triggers will be rejected. For example, this whole of 143 epochs will
would come in the rejected range. So that should not happen, so that is why we do not take the
trigger and EMG, EKG channels and all.

So over here, we have to, we can just, | will just show you how does it look. So, I will just take
20 epochs, over this 20 epochs, see all these yellow little colored things and all are been in the
reject range. So, it is seen that there are lot of noise in this region. So, that is why it is in the

reject, we can reject all these channels.

So, I will just do an update mark. So, it what it does is it updates, it will take that, these channels
are the ones which have to be rejected. So, we can go to this tools, and then we can just select
this inspect, reject data by eye and then we can just mark this reject channels and so, what
happens is all these channels as | shown that all the yellow coloured channels, it all will get

rejected. So here, if 1 do just this reject, it will ask again and we can just reject it off.

So, if you see over here, see over that 125, over 143 events, only 18 of them were being rejected.
So, all those 18 trials are being rejected like that it will show and then it will create a new data

set and we just save it in this format. So, this is how the artifact rejection has been done.
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Next, what we will do is we have to do the filtering again. So before, because even after we did
not do any filter while acquiring the data, we have done some filtering options, but even during
the data processing also we need to do all the data filtering steps. So, we will do the data using
this Butterworth filter.

So, we usually take from 1 to 30, usually, this is the range in which we do the bandpass filtering.
If you want, we can change the order of the, of fitter or we can change the upper limit or the
lower limit like it can be minus 4.1 or it can be more than 30 also. So, it depends on the what,
what kind of epochs you are taking or what kind of AEP or EAP, how whichever, whichever
ERP we take, it depends on that. So, we just apply it.
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So, as you apply you will have the filtering being done. So, after these filters, now we have
totally 125 epochs are been there, now these 25 epochs, | want to be averaged all together and to
obtain the ERPs. Now, each of this time epochs we have to together, average together and get
one particular waveform, that is called as, that is this averaging step.



(Refer Slide Time: 19:48)

& e Iz - &6 = xE 8 x

BOUB P Datmsets Hep Fie Bt Took Plt Study

So, here we do this compute average, ERP average DRPs. So, when we do that, we do for this
seventh data set, so that our seventh data set will have 125 epoch, so those we can do and can do
any of it spectrum analysis or if you want to know the total spectrum FFTs and all etc, we can do
and this particular, this particular option should be selected because we do not want any of the
artifact rejected epochs to be average. So, this particular bit will exclude all the epochs that has

been rejected by the artifact rejection.
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So then, if you just run it, this is just a heads on, like it is just giving that we are the EGLAB and
ERPLAB it has to be synchronized, for that purpose that shows. But even if you do not do the
synchronization step also, it will give the proper result itself. So over here, so we just save it
wherever we want, | will just name it as a AEP demo, so | just name it in this manner. So, we can
just save the ERPs, we can save this ERPs in this format and we can. So as you do that, here we

have the ERPs been produced over here.
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So, before, before doing all those steps, this was the first importing AEP, the next we did the
notch filter, and then we did the event, the event list creation, then we did the epoching of in this



place, and then we did the artifact rejection, then we just removed all the rejected data and
finally, we did the lastly, we did another bandpass filter. So, these are the step, sequential steps
and this particular, in this data set we did the averaging and we did the ERP. So, this is the ERP

set that has been made over it.
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Next, next we want to plot how this, does it look. So, here we have the plot ERPs, in this we can,
this is the, this is how it looks. So here, we have the time range from minus 50, so first we did the
epoching from minus 50 to 250, so that is why it looks like this and here are the channels and all
we do not require the whole of this trigger channels and everything, so we just remove all these

channels because it is not needed for us.

We just require the other channels and we can obtain the topographic how would, like how it
looks in the head in that way itself we can obtain this and as | told you always, we have to check

this negative up for the say in one data. So, then I will just do a topographic here, we can have



different style in which we can have the waveform. So, | will take topographic and I will just plot
it.
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So, if I plot it, you will get the, how is in the, how it looks in the head like that itself you will be

getting the data. So, this is how it looks like for, so here these are the frontal, this is the frontal
electrodes, this is the no side, the no side electrodes are the inion side, this is the inion side and
over here, here this is the temporal lobes, here we have the frontal these are the frontal part and
this is the parietal and finally, this last level here we have the temporal row, the occipital lobes.
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So, mainly as | told you, the AEPs will have and the frontal as well as in the temporal areas. So, |

will just show you a particular data set only, for example, mostly we check all the midline
electrodes and this temporal electrode and all usually. So, if we just click one of this, we will get
a larger version of the thing. So, as | told you, | have made it in the negative up, as a negative up

| have done.

So, here as | said here, this particular peak is a n1 peak, this particular peak, it is the n1 peak. The
one which proceeds nl peak that is called as the P1 and the one which comes the next of it here,
this particular peaks over here that is called as the P2 peak. So, this is, particular this whole area
is called as the LPC complex. So, this is, this will be there and now the auditory or even if you
do an MMN also you will have this particular data. So, this is a classic example of an AEP.
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So, like that we can visualize for each electrode every electrodes we can visualize a similar thing.
So, for example, if 1 want to check this, even in this also you can open it. So, if you open it, so
here we have the peaks obtained over here as well.

So, here we have this is the proper nl peak. So, it is correctly at 100, so this is the nl1 and here
we have the P1. The preceding one is a P1, and the next one is P2. So, here it can be P2. So, like
that we can visualize for each channels and then we can do some, and if you see from here, this

is a frontal and this is the occipital that is from here to here.

So, what happens is, there is a proper dipole inversion that has been taking place, here however it

looks, it is the exact opposite it will be there in this. So, it says that, the brain is also acts like a



dipole, it, it is just indicating that thing. Now, if you want, this is a topographic analysis kind of
thing.
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Now, we can have it as individual waveforms also, in that we can do some statistical analysis
also can be done. So, | will just take this 3 electrodes and some of the central electrodes, this just
take this 3, 5 electrodes for now and we can have the standard errors of the mean, what is the
standard errors of mean, they are called as the, it is a statistical analysis, which should gives a

how accurate our data looks.

So, if thicker the band, it means it is a bit less accure, if it is very thin, then it is called as it is
more accure data we can say. So | will just have 5 electrodes, so | will just take in this manner.
We can set how many hours number of rows we want, how many columns we want, always we
can, we can make it negative up also and positive up also. So, I will just make it negative up for
our analysis for this AEP analysis, and we can just plot it.
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So, this is how it looks. So, this grey portion is called the standard errors of the mean. So, here
we have the individual this one, so like that we can take for all the electrodes also, I just thought
this is prominently we have seen, we can see the n1 P1 peak and all, so that is why I just chose
these electrodes. So, like this we can do for other, other MMN, P300, and even VP also, | will

show the demo for each and everything.
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Another important step is, another thing is we can export this data, however, this datas are there
we can export it in the text format or it can be an excel sheet or file. However, in whichever
manner you want, you can just export it.

You can have that average ERP also, we, either if you want just the average ERP you just select
this, if you want for all the parks like for 125 epochs for, for all the epochs if you want it will
give in that manner and then these frames per epoch, which means that from minus 50 to 250
millisecond how the epochs, that is an epoch range and for that range, for each epoch there will
be 300 data points will be there. So, that is what this frames per epoch mean. So, that is just

information that | missed last. So, that is how we can export the data that is a thing.
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And we can all these images which we obtained we can take it in the PDF format or we can just

tell zoom in now anything you can do all the options and all can be done over here. So, this is

about the AEP demonstration. So, next, | will be giving you demos about the MMN P300 and the
way other ERPs. So, thank you.



