Introductory Neuroscience and Neuro-Instrumentation
Professor Rathin Joshi
Indian Institute of Science, Bengaluru
Lecture 46
Basics of BCI Experimentation: Signal Acquisition using MATLAB (EEGLAB)

Hello everyone. Welcome to the final sub module of brainwave acquisition and recording
system demonstration. So, in this module mainly we will talk about how MATLAB can be
useful for EEG signal analysis or EEG signal processing. So, initially I will tell you one
particular, 1 will give you an introduction about a tool box named EEGLAB, how it is being

useful and what are the functions which you can do for different recorded EEG files.

Then, we will see that this EEG file is recorded in different formats across different system.
So, we will see a couple of examples of how different files can be imported or loaded in
MATLAB using scripting and as well as using a GUI of EEG lab. So, let us talk about
EEGLAB a bit before | will demonstrate some of the very basic things about EEG lab.

(Refer Slide Time: 01:38)

Basics of EEGLAB

* Pre-requisite for EEG/ERP Signal Processing

+ Supports both: GUI and Scripting

* Scripting is advisable for batch file processing.

* Download Latest Version of EEGLAB and practice for sample dataset.
(https://scen.ucsd.edu/eeglab/download.php )

+ Always keep yourself updated with different plugins.

(https://scen.ucsd.edu/eeglab/plugin uploader/plugin list all.php )

Ref: = I‘T
https://sccn.ucsd.edu/eeglab/index.php i

So, EEGLARB is a prerequisite for any kind of EEG and ERP processing using MATLAB.
There are some packages and functions which have been already made, so you can directly
use that function and you can do your analysis, otherwise, it will take a lot of time again, to
generate the same functions. As always, you can make use of different combinations of
function and create a plugin for specific applications, but all the functions, documented
functions or the included function in EEGLAB makes EEG signal processing very, very

simpler. So, you can have a look.



I will show you when | will demonstrate EEGLAB basic functions and plugins and all the
things | will try to include. So, it is supposed both. Like in PsychoPy, we have seen that we
were generated stimuli using GUI because at that time, it was like you have to generate

stimuli mostly once for experimental twice.

But whereas in this case, when you record across multiple subjects, instead of GUI a scripting
is advisable because you do not have to repeat the same procedure again and again, you can
act automate this stuff using scripting. So it supports both basically. How you can generate a
particular script for GUI operation which you have made?

You know, and one particular scenario where the GUI is better or scripting, all this things |
will try to cover. Further, we will see that scripting as | mentioned, it is advisable, one last
important thing is plugins. So, in the demonstration, | will show you that there are many
plugins which are already available with thousands of downloads and various applications,

many of them are still in progress and getting updated with more and more features.

So first, we will see the demonstration or introduction to EEGLAB. | have included from
scratch. So how from downloading EEGLAB to what are the basic things you can do with a
sample data set. All this thing | have tried to cover so let us see first and let us see how
EEGLAB works or basic introduction of EEGLAB.

(Refer Slide Time: 04:14)
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So, let us quickly see how to download EEGLAB. You can search it and it will redirect to
Swartz Center for Computational Neuroscience site. Here you can add your basic details,
your email id, your name, and your area of research and submit it. You should be able to
download the latest version of EEGLAB.

(Refer Slide Time: 04:40)
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So, once you download EEGLAB, it should look like this. This is the latest 2020 version of
EEGLAB. It consist of, functions which you are going to use for signal processing. There are
various plugins, sample data and sample locations files which you are going to use. So, if |
open this function folder, these are the mostly used function for signal processing analysis,
most of them are used for scripting, all the pop functions are used for scripting. And further,
this is for GUI.

There are signal processing functions, statistical functions, and all the different functions
available. This is very important thing that you see the different plugins here. So, Clean Raw
data is basically a plugin to process or clear your whole EEG signals. ERPLAB generally is

for event related potential extraction to create different beans for particular events and all. So,



neuro-scan is required to import some file which has been recorded in tune called Euroscep.

So, all these different plugins and all are there.

(Refer Slide Time: 06:11)
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List of plug-ins available for download in
EEGLAB 2019.1 and later versions

Number of
Plug-in name Version Plug-in description  Link Tags Contact Ratings  downloads

AAR 131130 ICA-based Download  artifactica G. Gomez- * 2886 0
Automatic Artifact Herero
Removal. Note that
this extension
overloads the
“pcam’ Matlab

22 EEGinverse problem  Download  source Zeynep Akalin 395 (5]
solution
NihonKoden 112 Import Nihon Koden ~ Download  import, 1034
.m00 file. Now it
supports data that
has Trigger' in
addition to EEG data
(Thanks Elham
Sherkat for sharing
the test file.)

NIMA 022 Aplug-inforusing  Download ~ study N, Bigdely 126
Nima's Images from
Measure-projection
Analysis

nsgportal 10 Plug-in interfacing Download  erp, ica, source, time-  Ramon 66
EEGLAB with NSG. freq, study, nsg Martinez
The plug-in allows Cancino
users to directly
submit, manage and
retrieve jobs running
on the U XSEDE
network of high-
performance
computing resources
from within an



@ Dowrload SEGLAS X O Mugalsta X+ = 3 0%

€ 9 C # senusdedueeglvplugn uplosde/plugin st ptp Ak DO*»O:
Use BIUSIG to 5
import BIOPAC ACQ
files.

Biosig 330 Import multiple data  Download ~ exportimport A. Schloeg! *kfi 40079
files formats. EDF, I
EDF+, BDF, GDF,
Neuroscan, CNT,
BRK, DAT, RDF, HDF,
RAW, TDMS, Biopac
ACQ, BCI2000,
EEProbe, etc...

bva-io 16 Import Brain Vision ~ Download ~ exportimport *kkak 11331
Analyser data files

CIAC 100 Cochlear Implant Download  artifact S. Debener fekddk 346
Artifact Correction

Cleanline 104 Removes sinusoidal ~ Download ~ artifact T. Mullen kkkkk 5791 9
artifacts (line noise)

clean_rawdata 22 Cleans raw EEG data.  Download  artifact, *hkxx 6290 9
Contains Artifact
Subspace
Reconstruction
(ASR). Adopted from
BCILAB for offline

© Dowelosd EEGLAD X 9 ngpama X 4 = (3 0%
€ 9 C & sconwcsdeduleeglab/pugin uplosder/plugin It ol php Aax DO»O:
EMDLAB 01 Perform four types ~ Download ~ other Saad Al- fhfehrde 387 g

of EMD: plain EMD, Baddai

ensemble EMD

(EEMD),

weighted sliding

EMD (wSEMD) and

multivariate EMD

(MEMD) on EEG data

envtopoForContinuous 010 Compute envelopes  Download  other MMiyakoshi ~ sexsesrse 275 '
of scalp projections.
Continuous data

only.

ERPLAB 802 ERPLAB Toolboxisa  Download ~ erp, artifact, KaylaBeavers ~ ##ks#vr 2747
free, open-source
Matlab package for
analyzing ERP data.
Itis tightly
integrated with
EEGLAB Toolbox,
extending EEGLAB's
capabilities to
provide robust,
industrial-strength
tools for ERP
processing,
visualization, and

0 Dowrlosd E5GLA X 9 ngpama x 4 = L%
€ 9 C @ sonwsd eduleegab/pugin uplosder/plugin It sl php ax DO»O:

e —— -

fullRankAveRef 010 Apply average Download  preprocessing M.Miyakoshi ~ fexrtesrtr 327
reference after
adding back the
original reference
channel

get_chanlocs 232 Electrode position Download Clement Lee forketete 427
localization from 3-D
model to EEG
chanlocs

GEVD 100 Generalized Download ~ other P. Sajda sk 431
Eigenvalue
Decomposition
(GEVD)

gtecimport 31501 Import gRecorder  Download
HOFS files and
MATLAB files to
EEGlab including
triggers/markers

import Patrick Reitner % ##r#rir 609

headModel 100 Encapsulatesin a Download icasource Algjandro delededede 330
single interface Ojeda
common routines to
allow for out-of-the-



x 9 ) x I =

Multiscale
Electrophysiology
Format (or Mayo
EEG File, MEF) and
Multiscale
Annotation File
(MAF) data into
EEGLAB

MFfimport 23 Import EGI MFF files  Download  import A Chennu 1859
(legacy - see new
MFFMatlablO
plugin)

MFFMatlablO 35 Import and export Download  import, export, 1775 0
Philips MFF files
(formerly known as |
EGI MFF data files)

MicrostateAnalysis 03 Model and quantify ~ Download ~ other T. Koen: 591
microstates in
resting state data

Mabilab 20200220 Mobilabis a Download  import, export, erp, Amaud 58
multimodal data artifact, Delorme
browser and motion
capture data

preprocessor for XDF

NFT 22 EEG inverse problem  Download  source
solution

NihonKoden 112 Import Nihon Koden ~ Download  import,
m0o0 file. Now it
supports data that
has Trigger' in
addition to EEG data
(Thanks Elham
Sherkat for sharing
the test file)

1034

NIMA 022 Aplug-inforusing  Download ~ study N. Bigdely 126
Nima's Images from
Measure-projection
Analysis

nsgportal 10 Plug-in interfacing Download  erp, ica, source, time- ~ Ramon 66
EEGLAB with NSG. freq, study, nsg
The plug-in allows
users to directly
submit, manage and
retrieve jobs running
on the US XSEDE
network of high-
performance
computing resources
from within an

One interesting thing 1 would like to recommend all of you is that you can go through the list
of plugins of MATLAB. Very important, all these plugins, if you install and if you can study,
it will make life easier for EEG signal processing. So, | would request all of you to at least

take a look at the plugins which is useful for their analysis or their applications.
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So, coming back to EEGLAB finally. EEGLAB is a toolbox which has been used specifically
for EEG processing in MATLAB. So, | have already added this into my paths folder. So |
will add this thing into path and see if | can run the EEGLAB. So once the downloaded
EEGLAB package is in path, you have to write a command EEGLAB, it should open
EEGLAB pursuit.

In EEGLAB you can process to it in two manners, one is using the scripting, like typing a
command and get the desired work done, whereas in other way, it is using GUI. So | will
show you both the ways. In this newer version as | have downloaded ERPLAB, it is showing
ERPLAB, ERP sets everything.

But generally, it should start with, so the acquisition of your input data files generated from
particular system should start with file menu. Let us import some of the data. Before
importing, | would like to tell, I was telling two things, one is GUI, other one is scripting. So,
we will start with GUI. We will go to scripting. We will see how there is a way from GUI to

scripting and some tricks.
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So first, let me import one of the sample data set which I have. Let us import EDF file. So, |
will go to this from EDF file. This is a sample EDF file here. So I will view this file as an
input, it will ask me a few questions, like if | want to see all the channels, if | want to see the
entire data recorded throughout the complete data stream and all. I will for now, simply put, |

would like to go ahead with default parameters, so | am not going to change anything.

One thing to notice here is the function name is written. Like in GUI, whatever function you
are executing is both BIOSIG. Based on my values here, a function with proper attributes and
key value pairs can be used. So, for now, | will just simply say okay, further, it will process

and it will ask me the name of the file.

| can simplify let us keep it as it is an EDF file. So, that will be the name of my new data set.
Here if you can see the data set menu, so this data set will appear there. Or I will just simply
write EDF file one and | will say okay. So, this has kind of imported the data on dot EDF file
EDF is European Data Format dot EDF file into a MATLAB.

(Refer Slide Time: 10:04)
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Further, if 1 want to see the data, | can go to plot and scroll data. So, | am able to see the data,
if you can see it properly this all this y axis is different channels. And in the experimentation
module 1 told you about different kinds of montages. So, if you notice it clearly that FP 1
minus F3, F3 minus C3, C3 minus P3, P3 minus 01.

So, this all this bipolar value bipolar channel representation is nothing but your double
banana montage. Now, this is your data very difficult to generate an interpretation we can
increase or decrease your amplitude scale using this function let us increase it. So, you know
where we can see some channelise moment okay. So, now you can see we need activities

which is being happening here.



And like we can notice that it is predoom like prominent in F4 and F3. So, something related
to font although maybe some moment also but let say let say before we analyse it further |
will tell you a few basic things. Using this you can select a particular time range you want to
see for one in one display now | have changed it to 10 also you can see change the number of
channels or do you want to display one display currently at General is there if | change it to

five then I can only see those 5 images.

So, based on your analysis based on your criticality of problem, you can analyse the number
of channels and you can accordingly adjust the time axis. You can move in the time axis
using this push button, this will, second by second you move. If you use this button, it will
shift the entire time interval. Currently it is 5 to 15, so it will shift to 15 to 25, it will shift to
25 to 35 and so on. So, now if | talk about Let us say, I will first shift it to original number of
channels. Now, | will check. | want to, Let us say | want to, | do not, this portion is artefact,

we will move to initial time, let us say this 5 in between 4 to 5 that is an artefact.

(Refer Slide Time: 12:50)
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So, it will again ask, that the earlier EDF data set was 1, now | am going to change it as EDF
data set 2. Once | do that, now | have a 2 data set here. So, | can process any of the data set
by checking the data. Let us plot it together. Let us start it again like we plotted it before. It

was for 10 seconds.
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So, I will again change this time range to display. And if you can remember the time
amplitude square was around 5,000, let us keep it 5000. So, in between there was a moment it
will be in 4 to 5, here you can clearly see a boundary which gives an indication that some of
the channel has been removed. So, this is kind of basic things which you can do. So, these are

the basic operations using EEGLAB.
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One more important thing about EEGLAB is that whatever processing you have done on your
EEGLAB GUI, you can recall it using EEG dot history, EEG dot history. So, from the
beginning, whatever you have done in the session, you can see it here. Open the EEGLAB,
imported the file, name that set file as a EDF file 1, then you plotted it, again you name
another file as EEG file 2 in which you have rejected some of the nuance, some of the indices
data. So, this is how you will come to know for one particular GUI operation, which kind of

scripting function should be used.

(Refer Slide Time: 15:01)

Now, GUI looks very easy to use and user friendly, then why we are going for scripting? We

have seen using the PsychoPy we can, PsychoPy EEG where we can generate a multiple



stimuli, various stimuli and it is very easy instead of writing a Python script for that, which

was complex. So why should we emphasize on more on scripting?

So, the clear reason behind that is stimuli generation is mainly once for one, done once for an
experiment, whereas, this is signal processing, so it should be done for multiple subjects very
easily. So, every time you will not be there to perform GUI operation and see final data, it
will be a time-consuming. So to avoid that for batch file processing or multiple subject signal
processing for EEG what we use is basically a scripting. Now, | wrote here EEG dot, this rate
IS nothing but it is stored in the structure EEG.

(Refer Slide Time: 16:09)




So if you successfully import your file, you will be getting all these fields under EEG
structure which is the most important for further signal processing, it has all the channel
locations, where it has been placed, whereas, it has the data as well as the venues most

important thing for all channels.

If you can see that it is recorded for three lakh as almost 3.5 lakh examples at 125 rate, 125
sampling rates. So, if you want to know exactly how many minutes the recording has been
done, you can use this data of number of samples and sampling rate, you should be able to
find out that this is for which, how many number of, like what is the duration of the

recording.



(Refer Slide Time: 17:07)

So, these are some of the basics of EEGLAB. | hope all of you have understood this thing.
Similar way for different acquisition systems, we have different formats of the final acquire
data set, and how we can obtain it using different scripting options that we will see in
upcoming videos. So for now, | think | hope all of you understood the basic introduction of
EEGLAB. We will shift our focus to data acquisition using EEGLAB for various formats
from different EEG acquisition system.

(Refer Slide Time: 17:56)
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So all of you have seen our demonstration of EEGLAB, so now most of you have some ideas
about which kind of software EEGLAB is and how you can convert your GUI operation into
scripting using EEG dot history function or EEG dot history variable, because EEG is a data
structure. We will see in the upcoming data acquisition videos demonstration we will see that.
It is basically a structure in which history is one of the field, which stores whatever operation

which you do equivalent command.

So yeah, different systems stores your EEG information into different formats. Open BCI
boards stores in dot txt file, the simplest form you know and you can see it in notepad. Neuro-
scan stores it into dot cnt file, whereas Nicolet EEG Viewer mostly used for a long run EEG
and many number of electrodes are placed. Let us say for epilepsy and more, many number of

electrodes are placed on your skull.

So, in such cases, that is EDF files. EDF is the standardized European Data Format for EEG
recording. So, | have included a one sample data of each type, one see in txt file, one cnt and
edf file and | have shown how you can acquire the data basically biopotentials and event
using MATLAB.

So, and also, | have shown how you can see the events for triggers are like auditors stimuli,
visual stimuli or whatever stimuli are generated that digital pins how you will fetch it from
the acquired loaded EEG data. So, next would be three demonstration, quick short videos. So,
in case in future any of you would come across such recorded files, will be able to fetch the

data by your own.

So, next would be these three demonstration videos of acquiring EEG and events from
recorded files and that will conclude this submodule, and as well as this four-part lecture
series on brainwave recording, acquiring and processing. We have only seen loading
brainwaves into MATLAB. Further if time permits, we will see how you can process it, like
pre-processing is also important step, further extracting a particular biopotential, any time

locked event.

So, all this thing epochs and all, like if time permits, we will cover this topics as well. But for
now flow-wise Let us see how acquisition happens and how different formats can be loaded
into MATLAB, | will see you in some other module you can enjoy these three different

demonstrations and then will meet in some other module for some other topic.
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So, in this short module, we will see how to import our your recorded files into MATLAB for

further processing. So, we have file here. In this module, we will see file which has generated

through OpenBCI ports, how to generate OpenBCI Cyton or OpenBCI Ganglion recorded

files from, to, from text file to the MATLAB workspace. So, this is the sample file 1 will

show it to you first.

So, if you open any of the OpenBCl recorded file it looks like this, this is the raw data

recorded for eight channels and it is recorded at 250 hertz. Data-wise it is an array, from here

it is an array of 16 columns. This column number 2, 3 and 4 are recorded channels, rest 5 we

have not used in the particular experimentation. Here there are three channels which has been



used as well as further this five Os and lare nothing but your digital input outputs. So, we

have inserted our trigger in pin number 11.

So, while extracting events, | will consider or | will take the value of pin number 11. I will
show it to you, if you can see here, here the 11th column is constantly getting toggled
between 0 and 1. We will observe the same in MATLAB as well once we successfully import

the file.

(Refer Slide Time: 22:58)

So, let us see how we can generate this file, how we can, also we will see how to write a
script in case of multiple subjects scripting is advisable. So, how we can write the script in

order to make life simpler. So, in order to import this test file, there is a function MATLAB



which you can use, | will name this variable or whatever ones get imported as sample txt, and

let us load the file.

So, while you load the particular file you should write everything like the path and the
filename. Now, instead of writing path and file name, | will use a trick here, if I place pwd, it
shows me present working directory, the, currently in which folder I am while running into
MATLAB. So, what I will do, I will use a strcat function using this pwd as one of the string if

you do not see here.

What | will do is, I will use the string concatenation function so it will merge all the inputs,
after this output backslash once, and then | will write the filename, which is sample txt dot
txt. Now, this also should be given as a string. So, should be something like this. So,
ultimately it will merge all the things and it will load by text file into sample text variable. So
let us see.

(Refer Slide Time: 24:42)
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So, if you can see here sample text variable has been created and saved. The same thing what
we have seen in the notepad you can observe here, as well as if | go to the 11th column and
once | go further down, | should be able to see the change in triggers, | hope you can see
here. If 1 scroll it slowly, you should be able to see, since zeros are there in the 11th column,
again 1 for some period of time. So, this is how you can analyse the trigger, which is a
trigger. Though it is same in both 11 and 12th column here, you can take any of the column

as an event trigger.

(Refer Slide Time: 25:28)
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So, now how can we take the data out of this? As | already mentioned, this particular
experiment is for three channels. So, column wise, it is column number 2 to column number
4. 1 will show you, show it to you one more time. It is column number 2, column number 3,

column number 4. So, these are my biopotential values right now.

(Refer Slide Time: 25:48)
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So, what | can do is and make sure it is a row value, you might say, that it is in the 10th to the
power here or 10 to the power 4, but yes, its row value which is generated by the addition of
S0 many noise that we have to remove gradually using proper pre-processing algorithm. So,
what we can do here is, | will store it into a variable biopotential, the first three potential |

will save it as a biopotential.



Now, | can take it from sample text and | will fetch first three, like second, third and fourth
column. So, this is basic a MATLAB way to extract particular columns from any array, very
simple. So, that three channels has been recorded here, you can check this thing here.
Furthermore, Let us take a channel also event data or chan, which we say an event channel.

So, we can store in the similar fashion from sample dot txt and I need now 11th column
because we have already seen that 11th column digit, of digital input output, keep get, was
keep getting toggled. So, now I, we have both the data event channel as well as our
biopotential, so, let us see, let us see just for visualization how it looks like plot biopotential.

For now, we will plot only one channel just to give you guys an idea.

(Refer Slide Time: 27:40)
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So, it is something looks like this. So, the first channel was having some starting value

around 8,000 hours, so it is looking like this.
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One more thing to note down here is, if you go to some sample text file, it is showing that it
is sampled at 250 hertz. So, whatever number of samples are recorded it is recorded as 250
hertz. Currently this 17,409 is the number of samples which you have and it is recorded at
250 hertz. So, it will give you an idea that this recording is performed for duration 69

seconds.

Now, if you want to visualize that how it has been recorded for 59 sorry, 69 second, you can
again plot it with respect to time indices. In this case what you can do is, you can take an
additional variable which is considered from the same length, which is of the same length of



biopotential and you can divide it by 250, should give you the original timescale in seconds.

Let us write that, so let us see.

(Refer Slide Time: 29:22)
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So, this is nothing but | already mentioned so 16, 17 second video. So you can get it with

respect to time, now you can analyse that and you can check it further.

(Refer Slide Time: 29:37)

Let us see, Let us see the triggers as well. So, we can plot now event channel. | already
mentioned that event channel is your digital input. So, it will be 0 and 1 in order to just look
at, in order to just make it look fancy or, and good, | will just putay limitto O to 1.1. Let say

that x, and again, I will plot it with respect to a generated time.



So, I will follow the same thing which we have done it, in the case of biopotential. I will give
it indices, time indices of the same, you can use length of biopotential as well, that is fine, as
long as you can plot the channel properly, that is completely okay. And | have to divide by
the sampling rate as well. So, | guess now, we should be able to see the triggers as well.

(Refer Slide Time: 30:48)
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That is it. So these are the triggers in similar fashion you are getting from here. One thing to
note down here is that experiment has started any after few seconds, the triggers have been
inserted. So, you can further analyse it, you should consider the data corresponds to only the
time when triggers have been given. If your experiment is audit like some evoked potential
generated using this trigger, you can further check it, zoom it to verify whether the generated

data is really accurate or popular, accurate or not.
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So, | have shown you an image while explaining auditory stimuli, this is the output of the
similar auditory stimuli, in which you can clearly see that it is getting repeated twice in a
second, so two hertz auditory stimuli and the similar kind of stimuli has been presented here.
So, | think this is a realisation of what | showed that we have made using PsychoPy.

(Refer Slide Time: 31:54)

So, similarly, you can try out your own triggers and record your potentials with some of the
biopotential acquisition device. In our case, we have used OpenBCI Cyton board, which |
showed you in the previous module. So, I hope this MATLAB acquisition of your data and

events is clear and you can now import the data and further process it.



(Refer Slide Time: 32:21)

4\ MATLAS R2000s - cademic e

- 0 [ Newlarisbie Pl o edpeode B @ g 63 Communiy
& B 90 G & Oa i P i & \3/=
New  New  New 00 [[rcu. Mt Sme i Opemai. =y ol s} O e Smuink Loyt 74P agng e — PSR
Sopt LS v v Dits Wodspace () CesrWospace » v | Clear Conmands * v Blemunus
0 [ z
-8
cmman Window 8 ]
> pop loadcnt ame - Vo
B 0w Acqisi Show i Exlaer
VIR
) ma pcqusic
Jsampecnom  Fereme I3
Jsmpessies Do Defte
Songeprne | New ,
Compare Against ?
Gt CoteX.
ooy e
Femoe o §
| it s ot on P
Refresh ]
Path (Foicer &
o MATLAB R20200 - academc use. -
A oo DN
. T L NewVarable » Aoalyze Code MO pterenes (2} €3 Commusity
BB O g & O o M= B & 09
New  Now  New OO [compue Moot Swe VBT g, RanITNe oo SRR o ey o emestSpot
Scipt LheSipt » v Data Workspace £ Ciear Worispac v (9 e Commands v v 7 v v QleaMus
[ e e » ok 3
EHHAH 1 0 TR N » ML
Kame. | 1 Name Ve
T
B Vil Sim e
) Data Acauision ot

9 Data Acwuisoon Bt
8

) Sampe edtedt
Sample ko

A\ MATUAS R20000 - acaemcuse

-0 TN

o Il

1% 8 O Grme
New  New Oom

{54]
New ~ 4 Compare.
Script Lve Seript @

e
CPHIA T 0 TR N »

i ok

| Vs Semimag
) DwtaAcquision (ot

Sumple et

Deals

& [ overvinie P Lo hae Code =R O A:Cmmnvy

ot e DOty Dm0 o D heensopn

Dt Wotspace ) G Wor v [ e Commnds v v Mnakv. v v D
o e vt [

"keystroke’
eal Joadent ()

- tile nane

opticnal inputs:
*keystroke’

- ['on'|'oft"] set the option to
ke event types. Default
ane'] use this optia
o read in
nemaptile nane mus
functions t

ermptile' -

files based o

e 2 d

ur if you

ion

ata structure,
recalibrations...)

the re-zeferencing

extract al

events are usuzlly ass

" ed

more cptions to re:

this informa




pop_loadeat () - 1

»> E5G = pop_loadent; ¥ pop-up i
> EEG = pop_loadent| tilenane, '

Let us see how we can load different EEG file formats recording from various devices. We
have already seen one instance of that. In one of the videos | have shown you how we can
import OpenBCI Cyton board recorded file which was the sample txt dot txt file, how you

can record, how you can rather import that file into MATLAB for further processing.

In a similar fashion, we will see we have two more instances, one is sample cnt dot cnt file,
which is a file recorded for our Neuro-scan EEG system. So, how you can load the particular
file. In OpenBCI case, there was a text function, a lobe function for the text file. In this case,
we have a specific function which is popular cnt. This is a function of our neuro scanner

plugin, it is also a part of EEGLAB function.



So, make sure that your path should view, you have added EEGLAB into your path and path
is added, it is already added in this case. So now and one more thing Let us see what will be
there in your pop load load cnt function. This is, with the help of the function it will tell you
what are the inputs required for the function, what is the different ways or different uses

which you can give, at the same time you can know what are the optional input and output.

Very important thing here to note is, output is EEG data structure. Earlier we have seen, we
saved up values generated from text file as an array of floating number, whereas in this case,
the final output will be stored in the form of data structure. So, Let us implement this let us

see if we can get this data out from this cnt file.

(Refer Slide Time: 34:12)
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We will name the finally generated output structure as EEG. As | mentioned, we are going to
use to upload cnt function. Here input to upload cnt function is the file name, but it should
include the entire part. So, like | have shown you, you can use a strcat concatenation with file

name as well as you can write the entire path as well.

So | will use the same method which | used for OpenBCI data and channel acquisition. This
will be my sample cnt file with extension and | have to check for brackets as well. Once |
checked that, I can load this file and we can see where the data lies. So, it will store as EE
data structure, you can go inside this and observe the field. So, here if you can see the total
number of samples are 87,600 and the sampling rate is 1,000.

So, one second has been recorded in 1,000 samples, so everyone millisecond it records a
sample. So, in other words, if my samples are 87,600, the data is recorded for almost 88 or
87.6 minutes. That is what you can see here as maximum. Further, we will go and check the
data, which is one of the most important field for any EEG data structure. So, Let us see what

is the inside.
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If you observe the data, it is very evident and clear that first three rows are, has the values
which varies with respect to time. And if | just talk about the nature of the values, they are
analog in nature, whereas the values in the fourth column you can observe here it is zero.
Further if I move ahead, still it is 0. So, after a few seconds, it will get toggled. So, let us see,

let us see and scroll it slowly. Yeah, here if you see it has changed to 4096.

Now, why 4096? Because 4096 is 10 to the power, 2 to the power 13 or 14. So, a particular
bit in the data stream will get toggled from 0 to 1. When a specific stimuli is generated. So
other way, it is to one particular bit out of that stream is changed from 0 to 1. So, you can see
that event is generated, | just want you people to realise that this three, this three rows are
your biopotential, analog in nature, at the same time this last row is your data, sorry, your

events, event data, which is instored.
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Now let us quickly visualise what | said. So, just clear it. We can plot one channel from EEG
dot data. Let us plot second row and you can see the graph. Again, like you did in OpenBClI,
if you want to see this, if you want to see in the time domain, if you are comfortable not in

terms of samples, if you want to see it in seconds, what you can do is,

(Refer Slide Time: 38:12)

You can plot the same thing for one colon length of EEG dot data divide by 1000. This
should be, why 1000, because we have seen that sampling rate is 1000. Instead, if you want
to write you can write EEG dot s rate also, that is completely fine. It is just a basic way of

addressing a particular variable from your structure.



Structure for all those who are not aware about what is structure, it is a kind of composite
data type in which you can store multiple variables. Like if you know variables, there are
different type of variables, right, some of them are integer, float, string and all. Structure is
composite data type, which can have more than one type of data. Like if this asset is let us
say double whereas if | go to the sat name is character array, so like that, you can consider
structure as a composite data type. And finally, once | am done with this, here it should be
dot first.

(Refer Slide Time: 39:35)

So, if I run that, it is showing me this kind of graph, exactly in relation or in agreement with
what we have seen the total number of time duration is around 89 seconds. And you can see

this kind of EEG movement.
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Let us quickly have a look at the events. So, events was stored in the fourth column. So, we
will see the events first. So, you need to zoom in to see exactly how this event looks like and
what is the time duration between consecutive events. Before that, let us convert the samples

into the actual time, like we did for biopotential.

So, in this case, you should use the fourth number of the row. Similarly, you can plot it, it
should show you now from 0 to 89 seconds, and if | further zoom in, Let us take only 4 to 5
iteration. By the way, this one stimulus from here to here interval is your one iteration. You
should perform at least 100 or 120 iteration based on your experiment, because this brain

response is highly variable.



So, you need to average out some of the noise and so, it will also average out some of the
common noise and all. But yeah, if you see here, if you focus on this, this stimulus onset is
around 6 seconds and it lasts till 6.6, 6.5 seconds around 650, 600 milliseconds for one
period. So yeah, this now you can analyse it, your events and your biopotential, further you

can process it based on your requirement.

(Refer Slide Time: 41:26)




Let us quickly see how we can import EEG biopotentials and channel from EDF file. So, if
you have seen the introduction to MATLAB, | have shown you how we can import EDF file
using GUI. At that time | have mentioned that pop BIOSIG function is used to import a EDF
file. Now what is BIOSIG function? So, Let us just take the help of EEGLAB.

One more thing to mention that, I am using EEGLABSs function. So, you must add EEGLAB
to your path. I hope all of you know how to add EEGLAB to a path and basics of you know
your default path and how you can restore it. These are the different ways in which you can
implement your purpose and function for loading a data from dot EDF file these are different

optional inputs, you can have a look.

(Refer Slide Time: 42:28)
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So here, Let us quickly load the data using pop BIOSIG function, output will be obviously
like it was there for 4 floor cnt would be your EEG structure data structure. So, input should
be a string filename format of string. So, | will use strcat function | will add first input as a
present working directory and finally sample underscore EDF dot EDF. Looks fine. Yeah,
check for the brackets and Let us run this. So, it will store the value in this EEGs data

structure.

(Refer Slide Time: 43:23)

So similarly, also the sampling rate, | think now we are doing this of second time, you know

what are the things to observe, this is the total number of sample, this the sampling rate.
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Here you can see the data. It is a bit longer duration, which you can see here. We can see how

many sampling points are there and how many what is the sampling rate. So, let us just try to

find out the duration.
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So, you can use the same EEG dot points variable divided by EEG dot srate. This should give
you the total duration in seconds. So, it is about 2836 seconds. So, if | convert it into around
2836 divided by 60. So, 47 minute recorded data. And one more thing if you observed it was
recorded for 18 channels. So, it should like, channels would have covered your entire score,
entire head, let us see what are there in the channel and where it has been placed using the

channel name or channel label.
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So, how you can plot this data? So, two ways. First, pop eegplot. If you do not know what is
pop eggplot, go to the help of pop eegplot and see the different optional input require input
So, here | see a component, independent component analysis is a separate signal processing
method to show any multivariate data as a addition of independent variables. So, you can
have a look in detail if you are interested. Further you can see all this inputs. Generally, we

will keep the inputs after EEG data structure as 1.
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So, let us plot that pop eegplot. EEG all the other three inputs I will keep that one. | would
encourage you to go to documentation and check, if you want to change you can change and

play with the sample data set available online.

So, let us just see how it looks like. Yeah, the similar kind of graph you have seen when |
have demonstrated EEGLAB using GUI and all this is nothing but a double banana which |
explained in the experimental setup. You can, | hope you remember otherwise you can play

with the y axis scale using this push button you can go travel scroll through the data.
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If you want you can change your time axis from here. Let us say | want to see 30 seconds at a
time, so you can do that. You can observe this based on your need. You can spread it, you
can stack all the channels, you can spread all the channels, you can normalize all the
channels, denormalized based on your requirement. This is one way to look at the images,
one way to look at the biopotential graph rather.
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If you want a specific channels data, you can even use, let us say | need only second, third
and fifth channel at the same time. What | can do is | can use sub plot for three plots with
data being fetched from secondary column, it show me for one column. Similarly, for third
column and finally for the fifth column, here it should be 3, it should be 5.

You can even make a use all other optional inputs like y label. Specifically for this case, if |
write fifth column or fifth channel, it will appear like that, like you have seen in the previous
case you have seen your label right for double banana montages | have shown you. In this
way you can see the final data out, the dispatch channel, you can plot it accordingly, you can

observe it.

(Refer Slide Time: 48:08)
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You can get the channel location information from here if you want, which channel or which
row corresponds to which channel you will get an idea. We have plotted 2, 3 and 5 F3 C3 and
FP2. The C3 P3 and F4 you are whatever you are saying they are like reference channel for

bipolar double banana montage. So, I hope it is clear how you can load your dot EDF file.

(Refer Slide Time: 48:44)




One more important thing | would like to tell all of you is that you have seen separately by
writing a command window for each file, how you can generate your, how you can load your
values and further process it, but it is advisable for batch processing you should have a script.

So, like I said, I have made a script for almost each kind of data inputs.

So, whatever | am doing, | just showed you pop BIOSIG function, | will pass this file name
as an input and | can further process it. | just only have to give this file name and it should me
the final graph. Just for example, | will show you this one example here. We are talking about
EDF. Here | am already concatenating it with an extension EDF. So, no need to write EDF. |

just have to write, it should show me the final plot.
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So, exactly the same plot whatever you have seen that has been generated using this function.
So similarly, you can make your own script. This is a very simple and small example how

you can generate your script.
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| have generated in all three cases, for cnt file as well as txt file. If | talk little more about that,
then if | have a folder where | have a particular set of cnt files, then you can use, you just, you
can make a provision in MATLAB, that you, have to just have to keep your input directory as
an input and it will search for all the cnt files and all the cnt file gets loaded in a particular

manner.
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At that time, your output variable should be a function of your number of cnt file, otherwise
everything gets overwrite in your EEG function. So, as in when you see and implement this,

you will get more ideas of how you can process the multiple subject and batch files.
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So, this is just a small illustration of how you can load the data, recorded using different EEG
systems into MATLAB for further processing. In some other module, we will have a look at
the basic steps of signal processing, what are the pre-processing step filtration, filtering and

further steps related to event related potential.

The objective behind this demonstration is to give you idea or provide you a platform using
which you can get actively involved and try to solve or try to process EEG related data



analysis by your own. If you have any questions related to this entire module, you are free to
ask us in the forum. I wish all of you would have understood a bit and it will help you for
further EEG related us signal processing which will be taught in the subsequent lectures. Till

then, all of you please take care stay safe.



