EEGLAB Processing

Data import
Basic ERP visualization

Arnaud Delorme
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Installing EEGLAB and data folder

« Start Matlab
« Add the EEGLAB folder to your Matlab path:
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The EEGLAB Matlab software
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Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

/ Import into EEGLAB

Import event markers

/ and channel locations

Re-reference/
— down-sample
(if necessary)

High pass filter

,47/ (~5-1Hz) 447/

Examine raw data

—\0 Identify/reject
— bad channels

Reject large artifact ‘

o / time points [% /

Run ICA



Importlng a dataset
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Imported EEG data
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Collect high-density
EEG data (>30 chan)

/ Import into EEGLAB

Pre-processing pipeline

Import event markers
/ and channel locations

Re-reference/

—\ down-sample High pass filter Remove line noise
— (if necessary) — / (~.5-1Hz) — / (if necessary)
|
J— [
—\\ Identify/reject Reject large artifact ‘

S —

bad channels

— / time points [

—/ Run ICA



Import data events
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g Import events from Matlab array or ASCII file
 Import events from data channel
 Import from Presentation event file

* Import events from E-Prime event file

L» Import events from Neuroscan event file

WMM
Srve cument shudy
Srve cument stisdy
Cloar sy

‘ Memory and other options

History scripts 4
Quit

(Often imported automatically

during data import)



Appearance of an event channel in raw data
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Imported data events

| M M ( \

| ‘ \ WL, N YN oa M Ml \ ; Y \

YR N Y A AWA/\/\\ Ny, VY ‘VN\M\/M—A MV W VL o g F4 ol o b A A4 AT A 1WA LA oM

T A Y Y ¥ A A U L VL e WAL VN AW Wil W P A A /) W el N M e =

w “wm “m“'\ﬁ‘v o/ B W VN Hp/ I V\J 4\‘ VA AN A LA VRV T WA o “\‘\M w.\ /‘\’ WV . %\ﬂ \J\MV W K/m‘ \ /J slima g

U y W | \/\‘w,“ Center for
Compu(alional

|

/

Neuroscience

If event import was

successful,

you will see an
appropriate

number here
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| Sample data: basic P300 paradigm
-

—

File
SimpleOddball.set

Data
68 channel EEG, 256 Hz sampling rate, Biosemi
system, re-referenced during import to averaged left
and right mastoid electrodes

Task
speeded button press response to star shape (no
response to circle shape), 100 ms presentation
duration, 200 trials
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Review event values
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Delete
Append event CURRENT
Event 'type' and 'latency’  AFTER event

are recognlzed fields current event

Insert event
BEFORE

current event

To resort: first
select Main
sorting field
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Import channel locations
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Import channel locations
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Imported channel locations

| \ M
| i Il A ol W A
U M AR A A hooa “ o
AW NI W ey v\f uu ‘/‘ W/M WA wn(’ WA it u \ M g Nk N \ ‘H W
iy M,\‘\ | ™ W V \/ \ Wi L‘v /fv \A \‘\v " yrmmwmm vv\’/ L\w‘/ww\\'\j M\W\M\/\Mw \V\‘\h\m‘\ N N\W ' 1\’\ﬂ mewr/ \/V N‘ |
W

PIEN
"/ / Swartz

Center for
Compu(auonal

V’M PVM\“A\ “‘\w
™
W )\\‘ l

! V

Neuroscience

16



Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

Import event markers
/ and channel locations

Re-reference/

—\ down-sample High pass filter Remove line noise
— (if necessary) — / (~.5-1Hz) — / (if necessary)
|
J— [
—\\ Identify/reject Reject large artifact

S —

bad channels

time points

—/

r/

Run ICA
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Re-reference data (if necessary/desired)
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Re-reference data (if necessary/desired)
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OR, re-reference to

(i.e.) 'linked mastoids'
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Save new dataset, keep old one
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Multiple active datasets (ALLEEG)
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Resample data (if necessary)
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Remove unwanted channels
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Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

Import event markers
/ and channel locations

Re-reference/

—\ down-sample High pass filter Remove line noise
— (if necessary) — / (~.5-1Hz) — / (if necessary)
|
J— [
—\\ Identify/reject Reject large artifact

S —

bad channels

time points

—/

r/

Run ICA

25



B ———

NOLAR

Rle] i  Took P

Import data
I~pant epoch iréo
ot event wic
Boot

Lead exatng dataset

Seve curet detanet(s)
Sve Cumet detaiet as
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F|Iter the data (if necessaryldeswed)
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Lower cut off frequencies reqwre longer stretches of continuous data

= ———h"—!

ERPLAB Butterwort - -
ERPLAB Polynomiz

High-pass

Short non-linear IIR

needed
for ICA

A oM< egoch inectipn
Faject data epochn .
Fayect duta uung ICA »
Locate dipoles using DIPFIT 2.x »
Peak detection using EEG toolbox

FMRIE Tools
Locate dipoles using LORETA

CleanLine
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Pre-processing pipeline

Collect high-density ’ . ’ Import event markers
EEG data (>30 chan) [ / Import into EEGLAB — and channel locations |, /—

\

— N | S—
Re-reference/ ’ iah fil ’ . .

N\ down-sample High pass filter Remove line noise

o (if necessary) [ / =il ’ / (if necessary) ‘ / —
- \
— N | S—
—\\ Identify/reject Reject large artifact

— bad channels [ / time points \ / Run ICA
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Edit Tools Flot Study Datasets Help

import data
import epoch info
Import event Info
Export

Load existing dataset
Save current dataser(s)
Save current dataset as
Clear dataset(s)

Create study

Load existing study
Save current study

Save current stdy a5
Clear study

»
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Remove line noise (Cleanline)
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AAomat< egoch inectinn
Faject data epochn
Fagect data uning ICA

Locate dipoles using DIPFIT 2.x e e uncheck
Peak detection using EEG toolbox

FMRIB Tools
Locate dipoles using LORETA

- — - —

CleanLine
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Plot channel spectra
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Component ERPs

Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms
Cluster dataset ICs

31



Filter comparisons

Compumlonal
Neuroscience

: : 0.5 Hz high-pass filter 0.5 Hz high-pass filter
0.5 Hz high-pass filter ) )
50 Hz low-pass filter Cleanline
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Other useful plugins

* Cleanline (developed by Tim Mullen)
http://www.nitrc.org/projects/cleanline/

« ERPLAB Toolbox (developed by Steve Luck and Javier
Lopez-Calderon at UC Davis)

http://www.erpinfo.org/erplab/erplab-home/
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Scroll channel data

Comporen (R
Component ERPs

Sum/Compare cq

Data statistics

Time-frequency t
Cluster dataset IC
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Scroll channel data

channels, :
time, = = = |
e e e oy
events = = —
— —— b o |
= = =
sec/epoch e e e s
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Scroll
buttons

scaling
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Pre-processing pipeline

Collect high-density )
EEG data (>30 chan) [ /) | Importinto EEGLAB _

Import event markers
and channel locations |, /—

| <—
I:s;zzz:;z ’ High pass filter ’ Remove line noise
(if necessary) [ / - (~-5-1Hz2) | \/ (if necessary) ‘ / —
| STOP! |
Save your dataset
here; you will import | N—

ICA weights to this
’ dataset later

Identify/reject W

bad channels { / time points { /

Run ICA
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| Visualizing ERPs
-

.

« Epoch data according to different event types
* Reject epochs containing artifact
« Various plot types (channel and scalp topography)
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Review event values

W W
wHMWW\\W W« “\»m/ s v WW* v M\ i A\ VM%M A

/ A\

n [ |
[ \ “\\ | A W\ lv\“ I | YW Ay A\ I\ =2
wwm,\wﬂ MJ'\/MM HW \/f \(\ W0 | ‘ m /N V Mw\, NM N\L w N\f“ /M‘M " VV \WWWM‘/“/‘VM‘ v / Swmz N

\) Center for
Comp tational

Neuroscience

Delete
Append event CURRENT
Event 'type' and 'latency’  AFTER event

are recognlzed fields current event

Insert event
BEFORE

current event

To resort: first
select Main
sorting field
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Extract epochs
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Peak detection using EEG toolbox
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Extract epochs
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Go back to Dataset #1 and repeat this process
for all events of interest (in this example,

event type 2 (targets)
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Select a subset of epochs

My M I

* ‘0’ because the subject WM
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'Do not overwrite

current dataset’
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Scroll (epoched) channel data

N A\

| \ [ Swar(z@’

Center for

Computational
Neuroscience




Reject epochs with artifact
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Reject data epochs
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Reject data epochs

visual
inspection

—

131
| Cakculwe | Scroll Data - A

probability

_zmz—m—_
,.-_-‘
— —5
131

 Cic/Pot |
Show all tnals marked for rejection by the measure selected above of checked below
M Abacemal appearance W Abnormal values W Abncrmal trends

N improtable epochs W Abnormal distnbutions N Abnormal spectra
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Reject data epochs

Swartz 85
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Compumtional
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Warning

Epochs (=trials) marked for rejection have been noted.
\ To actualliggr reject these epochs, use
. ) | TR Tools > Reject data epochs > Reject marked epochs
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Plot channel measures over time

Show all tnals marked for rejection by the measure selected above of checked below
M Abacemal appearance W Abnormal values W Abncrmal trends

N improtable epochs W Abnormal distnbutions N Abnormal spectra




Reject data epochs
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Reject data epochs
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Visualize ERP in rectangular array
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Visualize ERP In topographic array
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Visualize ERP scalp distribution
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Vlsuallze channel ERPs in 2D
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Visualize channel ERPs in 3D
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Exercises

* Load SimpleOddball.set
* Rereference data to average reference
 Hi-pass filter the continuous data, then save

« Epoch the data on circles (event type 1) and stars
(event type 2)

» Scroll the epoched data and perform visual
rejection of epochs

» Explore the automated artifact rejection tools

« Save ‘clean’ epoched datasets for circles and
stars
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Data cleaning for ICA
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Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

Import event markers
/ and channel locations

Re-reference/

—\ down-sample High pass filter Remove line noise
— (if necessary) — / (~.5-1Hz) — / (if necessary)
|
J— [
—\\ Identify/reject Reject large artifact

S —

bad channels

time points

—/

r/

Run ICA
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Retrieve or reload continuous EEG dataset
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Dataset 1:SimpleOddball hipass0.5 CL

Dataset 2:SimpleOddball nontargets rej

'V | Dataset 3:SimpleOddball targets rej
Select multiple datasets

History scripts

Quit
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Comments and dataset history
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[Recording date: Oct. 14, 3012

‘Paradigm:
[=Participant looked at fixatics Box iz center of M

|screen

[«Two types of stimall (cutlize of a circle, cutline
:'oz & star) were presented L= the fixatics Box iz
Irandsom order

;-h:tzcamt pressed a butica L= respocse to the star
!

[Stimulus codes:

11 = eirele

12 = star

............ '$ = butros press

[Recording iaformation:

I=geferente tledirodes vere placed o2 right asd left
mastolds (data Bas already bees referssced and the
mastold channels Rave Deem removed)

Frocessing steps:
(Dagh-pase filter - 0.5 Hz
[Cleanline applied to 60, 120 Ei

>> EEG.comments

or
>> EEG.history
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Manually identifying bad channels
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Manually identifying bad channels
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Manually |dent|fy|ng bad channels
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Auto-detection of noisy channels
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Auto-detected noisy channel
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Removing channel(s)
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Removing channel(s)

You may prefer to interpolate bad channels rather than
remove them altogether

The loss in dimensionality will affect the ICA
decomposition

Usual solution:
— Delete the bad channels before running ICA

— STUDY tools will do much of this automatically (interpolate
missing channels, etc)
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Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

Import event markers
/ and channel locations

Re-reference/

—\ down-sample High pass filter Remove line noise
— (if necessary) — / (~.5-1Hz) — / (if necessary)
|
J— [
—\\ Identify/reject Reject large artifact

S —

bad channels

time points

—/

r/

Run ICA
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Reject continuous data
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Reject continuous data
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Rejecting data for ICA

COmpumlonaI
Neuroscience

To prepare data for ICA:

Reject large muscle or
o . otherwise strange events...
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Fast (but sloppy) artifact rejection
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Interpolate bad channel(s)
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Interpolate bad channel(s)
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Exercises

 Load a previously filtered version of
SimpleOddball.set

* |dentify bad channel(s) using auto-detection tool;
plot channel properties of flagged channels

* |dentify and remove non-task portions of
continuous data; see if the previously flagged
channels are still identified as bad

 Scroll the epoched data and perform visual
rejection of epochs

» Explore the automated artifact rejection tools
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Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

Import event markers
/ and channel locations

Re-reference/

—\ down-sample High pass filter Remove line noise
— (if necessary) — / (~.5-1Hz) — / (if necessary)
|
J— [
—\\ Identify/reject Reject large artifact

S —

bad channels

time points

—/

r/

Run ICA
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