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Tutorial Emotions in Physiological Signals

Hello, I am Shrivatsa Mishra. In the last lecture, we saw how we could use PsychoPy to
present stimuli as well as collect sensor data. PsychoPy allows us to integrate several devices
to collect multiple different types of data including physiological signals. Since we have also
seen how emotions can be extrapolated from physiological data, in this lecture, I shall explain

how we can analyze Electrodermal Activity or EDA using Python.

EDA has been closely linked to autonomic emotions and cognitive processing. And EDA is
widely used as a sensitive index for emotional processing and sympathetic activity.
Investigations of EDA have also been used to eliminate wider areas of inquiry such as

physiology, personality disorders, conditioning and neuropsychology.

We shall use sample EDA data collected through an Empatica E4 device. This is a device that
can be worn and streamed data through Bluetooth or store that data locally. We can extract

that data using an Empatica E4 app and for analysis, we will use flirt module in Python.



(Refer Slide Time: 01:33)




(Refer Slide Time: 01:41)

Hello, I am Ritik Vatsal and I will be introducing you to the Empatica E4 wristband data
collection device. The Empatica E4 is a wristband that collects your physiological data. It has
a single button and a LED light on the surface and two sensor points on the back with
electrodes that need to touch your skin when you wear the device. To wear the device, just
place it on your wrist with this side on the top and just make sure that it is comfortable

enough that you can do daily task.

But it is tight enough that both the electrodes at the bottom touch your skin at all times. After
that, we are ready to start the device. To start the device, just press and hold the top button for

three seconds. A blue light would come on indicating that the device has started.



The blue light would start blinking for about 15 to 20 seconds while the device initializes the
setup and checks all the sensors and all. After the watch has finished blinking for up to a
minute, the light turns red. When the light is red, you know that the recording has started.

After some time, the red light would fade off and the light would turn black. That would
mean that the data is still being recorded, but the watch has turn of the light to preserve
battery. While recording, you can single press the button to mark events in real time on the

watch like this.

The watch light would again turn on for a small time. Finally, to turn off the watch and stop
the data from stop data recording, you can just press and hold the button for three seconds and

that is it. The watch has now stopped data recording.
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This is the splash screen of the E4 manager device that you would be greeted by when you
will first log into the application. On this screen, you now need to connect your device to the

USB port on your laptop or PC. I will do that now, ok.
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Now, as you can see, my watch is ready and I see the one session that I just recorded. To
move forward with this, I just simply click the Sync Sessions button and all the sessions

would be synced and would be available for me to view, ok.
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Now, we can click the view session button and we can see all the sessions that have been
recorded. This is the session for today’s date which has just been processed, ok. By clicking

this button, we can view more about the session, yeah.
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So, this is the E4 website where all the session details are stored. You can just click on the
sessions icon and there. The sessions are sorted in a date wise manner which you can see in
the top left menu. We just click on today’s date and we can see today’s session which was of

2 minutes and 1 second. We can either download this or view this in more detail.
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The red lines denote the markers that we placed on the watch by pressing the button. By

going back to the Sessions menu, we can download this whole session in a zip file format.
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So, after we download the zip file, we can simply extract the file, extract here and we will see
all the different modalities that the device has recorded in a simple and convenient CSV

format. Shrivatsa will explain how to extract the data further from this. Thank you.
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The Empatica E4 device provides us with multiple types of data such as the heart rate
variability; inter beat intervals as well as electrodermal activity. For this assignment, we
should just be using the electrodermal activity. Now, this data is stored in a CSV file. The
first value in the CSV file is the start time of the entire data. This is stored locally on the

Empatica E4 or using the computer if you are streaming it on (Refer Time: 05:13)

You can reset the clock according to whatever system you want by just connecting it and
using the Empatica app. The second value is the frequency at which the data is collected. This
is in hertz. So, since the example for the EDA is 4, it means 4 data points are collected every
second. Now, let us move on to the code. For this, I shall be using Google Colab as it is easy

to use and readily available.
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The data used is 5 minute sample collected during another study using the Empatica E4 itself.
We will start by installing flirt module in Python using the pip command. This will take some
time, but flirt is a library that will allow you to extract the data very easily as well as extract

the features from the same data.
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Now, that this has been installed, we will import the library. We will be importing flirt library
as well as its reader. We will also be importing NumPy, C-Born as well as Matplotlib to

graph the data itself.
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Importing these libraries usually takes some time. Now, that they have been imported let us
import the data itself. The data is stored in an EDA dot csv file and we can simply get it
through an reader function in the flirt module itself. Upon running it and printing it, we find

that this is stored in a data frame.

A data frame is a pandas data type and in this, there are two columns. The date and time of
when it was recorded as well as the EDA value for that. Since we know as we know the

frequency is 4, therefore, as we see every successive frame is at a difference of point two fifth

of a second.
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Now, let us just graph this data naturally. So, there are two ways we can graph. We could use
Matplotlib or C-Born. I can show you using both. So, for Matplotlib, we will just use the plt

dot plot function and plot the eda value in this as well as using the C-Born function.
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As we can see at the start, there is a large variation. This can be ignored as we usually take

smaller chunk.
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Next, let us move on to extracting the features. We can simply use the get eda features
function in the flirt module to get the features. This will take some time. Now, that we have

got the data.



(Refer Slide Time: 07:46)

Fle EON Vie Insert Rume 10ols Hep Allshingss sawed
R
. + Cote + Tedt v . iting A
= Files Ox Dk I
A 2022-05-20 06 2 0,y Qg EDAzsv X
a G Db 2022-05-2 0 2 0.0609z i Ricacltal
2022-05-20 08 2 000407 0.001785

11001 1381 entres Fiter| 0

phasic_pct 5 phasic_pct 95 phasic_entropy \

)
1) sample_cata datetine 1000000
B Aoy 202-05-20 08:02:00400:00  0.,606957 1045872 2.837986 i
2022:05-20 08:02:01400:00  0.204936 L.eose 2798759 so
2022-05-2 0 0.011728 0.978276 4,920
2022-05-20 08:02:03+00:¢0 0.612622 207034 5.078536 097675¢
2022-05-20 0B:02:04400:00  0.£09359 0571215 5.023832 0938314
koo 0904396
2022-05-20 08:07:40400:00  0.200800 0.230211 21326 T
-0.609638 0.21114¢ irf
0.078555 0.067726 irf 0469185
-0.631049 0.679747 irf 0862176
0.17:21 0.000358 Hatl 058331

phasic_pern_entrcpy ghasic_sid_entrepy Show 10 viperpge 1]z 0 oW owo ow

datetine
2022-05-20 08¢ €.982247 ©.399605
2022-05-20 ¢ €.998%60 €,349558
©.998%60 ©.328663
€.991559 631818
€.99€17 €.331475
977018 6615535
€.995727 €.687610
€.99676 6,98960
(33 -€.000000 €.908110
2022-05-20 08:07:46400:0 ™ al
B8
[345 rows x 44 columns]
] Jusr/local /1ib/python3. 7/dist-pack Python/ccre/irteractiveshell.py:3226: Userker,
st St et gtk atpe it

v 215 completedat 11:39AM



(Refer Slide Time: 07:52)

File Eait View Insert Runume Tcols Help Allchanges saved -
. Ox  +oce +Ten Vi v | FHig A
(5] 2202 oo 001850 e.318618 —_
N GDb Y 2002-05-10 08:02:04500:00 e.300¢17 6331475 -
o rawoes e sk 1o 0ot 7] 0
. 2022-05-20 08:07:41400:00 e.005227 6.687610
» [ sample_cats 2022-05-20 08:07:42400:00 €.992676 €.939560 4000000
B EDAcsy 2002-05-10 08:07:43400:00 -.000600 6.9%110 e
2022-05-20 0810714440000 at al
0984448
[345 rows x 44 colyms] 0976756
Just/1| GataFrane: eda features python/ccre/irteractiveshelLpy:3i26: Useier| 0936314
exec 1f.user_ns) 000406
— > 0903714
DataFrame with shape (315, 41) rvoORPE 0869185
7 @ prirt(eda_features colums) 682776
0858331

Show 10 vlperpage 4|2 0w wm

changes', "tonic_igr”,
ric_pet 95°, “tenic_entropy’,
std"

oisk 8516GBavalabe

="tonic ne
v s completedat1139AV

We can look at what all features it has extracted. There are two main components to the
overall complex refer to as the eda. The first is the tonic level eda. This relates to the signals
slower acting components as well as background characteristics. The most common measure

of this component is the skin conducting level on SEL.

And changes in the SEL are thought to reflect general changes in the autonomic response.
The other components is the phasic component, which refers to the signals faster changing
elements. The Skin Conductance Response or the SCR is what is the major component in

this.



Recent evidences suggest that both components are important and rely on different neural
mechanisms. Crucially, it is important to be aware that the phasic SCR, which often receives

the most attention, only makes up a small proportion of the overall EDA complex.
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Now, let us graph the two different values. First, we have the tonic value as well, tonic mean
as well as the phasic mean. We graph this using C-Born, this lineplot function. Over here, we
put the x value as the datetime in the y value as the tonic mean. Upon graphing it, in our case,
we obtain this graph. As we can see, the tonic value is always greater than the phasic value.
This is because as stated, phasic values make up a smaller percentage of the total value as

compared to the tonic values.

In summary, what we have done is imported the library for flirt, imported the data which

stored in a CSV file, read it, graph the base EDA data, extracted the phasic and tonic levels



from the EDA data, as well as graph them. Using just these two basic datas, we are able to
extract a lot of different things about the data itself and we will need to look into greater
depth into these to understand more. Even now, there is much research being done on the

field and new advances are being made.

Thank you for listening to me.



