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EEG Basics

Pen recorder

Amplifier

Voltage (tens of microvolts) is measured
between regions on scalp surface
Potential is generated mostly by
pyramidal neurons

High EEG amplitude is produced by
synchronized neuronal activity of billions
of cells

Volume conduction causes spreading of
the electrical signal

EEG is most sensitive to cortical activity
near the surface of the brain

Rhythmic EEG patterns arise from
feedback loops between thalamus and
cortex

Artifacts can come from eye movements,
muscle activity, and electrical interference



Why Choose EEG?

Pros:

High Temporal Resolution
Non-Invasive
Cost-Effective

Portability

cons:

Low Spatial Resolution
Sensitivity to Noise

Limited Depth Penetration
Complex Data Interpretation

Kotaro Takeda, 2005
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Time vs. Frequency Domain Analysis

Aaron J. Newman, 2023
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Event Related Potentials

Aaron J. Newman, 2023
1 trial 2 trials 4 trials 8 trials

e R 0 L P T N P
T W LTI
16 trials 32 trials 64 trials 128 trials
e TG TG

All 256 trials —— Odd-numbered trials
Even-numbered trials

100 *0m
oW N170 \/-
. EEG 15|
EEGet-it.nl [Ampitr | A MIAANMMANN A
o, | S 4
o | s s, Speverens s,
sm)
Signal S MV 15
Lvotwet‘ . "Es
S, AL

ERP is an average of repeatedly measured
response to the same stimulus

Peaks and troughs of ERPs are called
components

ERP components have a consistent timing,
localization and polarity

ERP trials are always connected to some
context (e.g. visual/auditory stimulus, task)
ERP voltage amplitudes are smaller than
regular EEG amplitudes

Signal-to-noise ratio is inversely
proportional to the number of trials



Event Related Potentials

Geoffrey F. Woodman, 2010

Summary of Event-Related Potential Components Using a Variety of Nomenclatures

Table 1

During a Simple Visual-Manual Task Similar to That of Figure 1

Latency Scalp Task/Stimulus Hypothesized
Nomenclature Ordinal (Peak) Distribution Specificity Process(es) Indexed Useful Reference
Components preceding CNV anticipation, cognitive & Brunia, van Boxtel, &
a stimulus (O- & E-waves)  motor preparation Bocker (in press)
Components following  Cl P/N50-70 Sensory processing Pratt (in press)
a stimulus .
P1 P90-100 sensory/perceptual Pratt (in press)
processing
N1 N170-200  posterior N170 for faces perceptual processing, Hillyard, Vogel, & Luck
versus expert recognition, visual ~ (1998); Rossion & Jacques
anterior N1 discrimination (in press); Vogel & Luck
(2000)
P2 not well understood Crowley & Colrain (2004)
N2 N225-250 object recognition, Folstein & Van Petten
categorization (2008); Pritchard et al.
(1991)
N2pc PCN deployment of covert Luck (in press)
attention
P3 P300 P3a/P3b P3a/P3b stimulus evaluation time, Polich (in press)
categorization, context
(working memory)
updating, cognitive load
SPCN CDA maintenance in visual Perez & Vogel (in press)
working memory
LRP response preparation Smulders & Miller (in press)
Components following medial ERN/Ne & error processing, Gehring, Liu, Orr, & Carp
a response frontal FBN reinforcement learning or  (in press)
negativity response conflict signal
Pe affective or conscious Falkenstein et al. (2000)

assessment of task
performance

4—



Auditory Evoked Potentials

10 msec 100 msec 1,000 msec
) T Na Nb Nl NZ e AEPs are electrical responses in the brain triggered by auditory stimuli
EE e Classified based on their latency after stimulus onset
§ IP° \/ \/ e Can be used to assess hearing in infants or uncooperative patients

- I e They are valuable in diagnosing auditory processing disorders

Geoffrey F. Woodman, 2010

e Useful in assessing the efficacy of cochlear implants and hearing aids

Figure 2. Idealized event-related potential (ERP) waveform evoked by

a brief auditory stimulus. Waveforms shown would be expected from a PY Can be affe Cted by facto Is suc h as ag e, atte nti on, an d Sed at| on

central electrode site (i.e., Cz). Note that the waveforms are plotted as a

function of log time.

Fig. 2. Obligatory AEPs to stimuli differing
in duration when presented as the standard
(thin lines) or as the deviant (thick lines) are
shown on the left-hand side. The differences
between these waveforms are known as the
MMN and are shown on the right-hand
side.
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Mismatch negativity (MMN) is elicited by a
discriminable change in a repeated sound, even
when the sound is not attended to

MMN provides a neurophysiological correlate of the

accuracy of the sound representation in the brain



Auditory Oddball Experiment

e The oddball paradigm is a common experimental design used in cognitive neuroscience and psychology
e Itinvolves presenting a sequence of repetitive stimuli (standards) with occasional deviant stimuli (oddballs)
Participants are usually asked to respond to the oddball stimuli (active paradigm)

For both experiments:

Subjects listened to auditory stimuli of 1000 Hz (standard) and 2000 Hz
(oddball) pure tones of 100 ms duration

The standard-to-oddball tone ratio was 4:1 and their order was randomized
Experiments were conducted over two sessions

Each session included 5 trial blocks, with 40 trials per block

Subjects could rest between trial blocks

2-minute resting-state recordings were made in both eyes-open and eyes-
closed conditions

Experiment 1:

Subjects counted the number of oddball tones in each block

Experiment 2:

Subjects provided different keyboard feedback for standard and oddball tones



Auditory Oddball Experiment

10 participants were recruited (7 males, 3 females) aged 25 to 79 years

All participants were required to read and sign the consent document

To ensure privacy, each participant was assigned a unique subject ID (1 to 10)
Additionally, subjects completed a health information questionnaire

ID Age Gender Smoke Alcoholic Medication BMI
35 Female No Occasionally  Yes 227
2 20 Female Yes Never No 35.4
3 45 Male No Usually No 204

O 2 TP PR

Resting-state with eyes closed — alpha waves Resting-state with eyes open — alpha waves
are clearly visible, reflecting a relaxed yet alert diminish as the brain shifts to a more alert and
brain state. engaged state.



Unicorn Hybrid Black EEG Device

PRODUCT HIGHLIGHTS

EEG recordings without cable connection via radio signal

Hybrid electrodes for wet and dry measurements

Correct positions of EEG electrodes for real brain wave recordings

TECHNICAL SPECIFICATIONS

Customizable and programmable software environment and development tools

8 DC-coupled analog input channels with 24 Bit resolution

Sampling rate of 250 Hz per channel

Oversampling to achieve a high signal-to-noise ratio

Integration into custom design

Supply Lithium-ion polymer accumulator
Weight 56g
Color Black
Sensitivity +750mV
Input Impedance >1 GOhm
Safety Class 1

Battery time > 3 hours
Bluetooth 251
Accelerometer 3-axis
Gyroscope 3-axis
Certification CE




Unicorn Hybrid Black Software

The Unicorn Recorder

Unicorn Bandpower

The Unicorn UDP Interface
The Unicorn C API

The Unicorn Speller

The Unicorn Simulink Interface
The Unicorn Python API

The Unicorn Blondy Check

The Unicorn LSL Interface

The Unicorn Unity Interface
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Recording Challenges:

Easy to set up and use
Real-time visualization (including filtering and channel health info)
Create interactive software for the experiments

O

(@]
(@]
(@]

Play standard/oddball sounds

Capture event markers

Capture keyboard input

Control variables (e.g. amount of trials and trial blocks,
standard/oddball ratio)

Attach metadata to the recording

Lab Streaming Layer network

outlets inlets

eye tracking X

N visualizer ¥ Lab Recorder -
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NeuroPype Suite

NeuroPype interfaces seamlessly with the free and open source Lab Streaming Layer, supporting
data 1/0 with most consumer and research EEG hardware and over 20 other device classes.

Pipeline Designer Experiment Recorder

{®} Neuropype Experiment Recorder - X

e  Runs task modules written in Python
using an extension of the open-source

GAIN Study

| A — Simulation and Neuroscience
: - Application Platform (SNAP) framework
e AEP_FEEDBACK ! .
x> b ; = o RESTING_OPEN e  Ships with a number of standard
o - RESTING_CLOSED .

e o x E Subject Id Group Id Session Id Cognltlve tasks

T BN @& & : [z e | e Individual cognitive tasks can be

r ” Operator notes (MO PIL!) . . .
2 g Lo ‘- configured using simple text

e configuration files
g e  Settings for a given study can be saved

Recording folder

in individual study settings files which

|C: YJzers\MICM-Recording\Desktop\Recordings

Start Selected Task(®) can be launched as needed
[ ST
_ o Qualty Check (select stream/device then cick) e Uses Neuropype to capture one or
e Designed a pipeline that consumes LSL MyPlaybackStream | EEG multiple LSL streams and saves these
stream, rgnames_channels_, filters data, to the open-source XDF file format
displays time series plot, displays events, e

checks health status of channels LSl MyPlybackStream




NeuroPype Experiment Recorder

counter = 0
for tone in tones:
.marker('trial-begin')
if tone == .oddball['code']:
.marker( .oddball[ 'marker'])
.sound( .oddball['sound'],

.marker( .standard[ 'marker'])
.sound( .standard['sound'],

.sleep( .iti_wait)

if counter == .len_block:

cross.destroy()

instructions2 = inspect.cleandoc("""\

Type the number of "high" tones

you heard since the last time you w

and press the enter key.

)

.write(instructions2, 'enter',
counter = 0
cross = .crosshair(

Mj aep_feedback.cfg - Notepad

File Edit Format View Help
aep feedback

trials = 284

blocks = 5
break_duration = 28

isi = 1.2

tone_duration = 8.1
practice trials = 7
prob_oddball = 8.15

Ln2, Col 100%  Windows (CRLF)

UTF-&




NeuroPype Pipeline Designer

Signal Quality Assessment
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This node computes 4 quality metrics and
laundhes a plot for each one. It also
outputs the quality metrics through ports,
which @n be connected to LSL Output
nodes to be picked up by another
appliation for visualization. Here we
connected an LSLOutput to the port that
outputs the BadChannel data. Each metric
is a time x space (channels) matrix with
only one ime point per packet. (You @n
enable the InspectPacket o seeit)

Inspect Packet
[time x spxce]



NeuroPype Pipeline Designer

'status-initializing' 'status-running’  1978770.64 1978771.
'status-tasks-started' 'info-subject-id-9999' 'info-group-id-1'
info-session-id-1'  1978892.86

'status-module-start-aep' 'status-task-begin-aep'  1978896.1
'response-received-space’  1978905.45

'response-received-space'  1978908.5

'response-received-space' 'task-begin-aep' 'trial-begin' 'standard’ 19
'trial-end' 'trial-begin’' 'standard’  1978913.45

'trial-end' 'trial-begin' 'standard’  1978914.8
'trial-end' 'trial-heain' 'standard’ 197R91A 13




Dataset File Structure

e Output files are converted to CSV format from XDF files

e LSL does not perform synchronization by default, but it does provide all of the
information required for synchronization

e The official XDF importers (pyxdf or xdf-Matlab) use the synchronization information
in the XDF file and perform stream synchronization upon file import

1. Time column indicates a number of seconds passed since the start of the session.

2. EEG_* columns indicate voltage values (in microvolts) for 8 EEG channels specified in the Unicord Hybrid
Black EEG device manual. For each EEG channel an electrode position is indicated (e.g. Cz) according to the
international 10-20 system.

3. Accelerometer_* columns indicate acceleration (£8 g) of the Unicorn Hybrid Black EEG device in X/Y/Z
directions.

4. Gyroscope_* columns indicate the angular rotation (£1000 °/s) of Unicorn Hybrid Black EEG device in X/Y/Z
directions.

5. Battery_Level column value ranges from O to 100 and indicates the remaining battery level.

6. Counter column tracks the sample order in which the values were received from Unicorn Hybrid Black to the
host PC.

7. Validation column is a validation indicator for the samples received from the Unicorn Hybrid Black device.

8. Event column indicates if any event was registered during the recording. Event descriptions for different
experiment types can be found below.



Event Descriptions

There are multiple event markers that accompany the data in the "Event" column. Each event represents a
point in time where something notable has happened, for example when a stimulus was presented, or a
keyboard response was received. Event markers may also contain metadata such as the system status or
any errors that happened during the recording. Key event markers for each experiment are as follows:

AEP: Resting_Open:
= trial-begin -> resting-state-eyes-open-begin
- oddball or target -> resting-state-eyes-open-end

-> trial-end

AEP_ Feedback: Resting_Closed:

_trial—begin - resting-state-eyes-closed-begin
oddball or target -> resting-state-eyes-closed-end
response-received-arrow_down or response-received-arrow_up

response-was-correct or response-was-incorrect

rt-*ms (reaction time in milliseconds, e.g., rt-200ms)

trial-end

Vi v il



Event Descriptions
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Dataset Categories

Raw Data
Unsegmented, unfiltered, and
unprocessed data in CSV
format

Filtered Data
EEG channels are filtered
using 0.5-60 Hz bandpass filter
and 50 Hz notch filter

Epoched Data
Segmented using the event
markers, epochs include -0.2s
before stimulus

Selected Epochs
Least noisy epochs are
selected, baseline correction is
applied to all channels




Next Steps

Zen000

Publish the dataset on Zenodo platform
Improve signal-to-noise ratio

Add more subjects, trials, electrodes

Include more metadata (other health metrics)
Modify the experiment

Use ML techniques to analyze the dataset



Project Link:

github.com/Inadil7/auditory-evoked-potentials

Contact Info:

linkedin.com/in/lukanadiradze

Inadi@theworks.info

luka.nadiradze.1@iliauni.edu.ge



http://github.com/lnadi17/auditory-evoked-potentials
http://linkedin.com/in/lukanadiradze/
mailto:lnadi@theworks.info
mailto:luka.nadiradze.1@iliauni.edu.ge
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