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Installing EEGLAB and data folder

Compumioml

}’%? Neuroscience

o Start Matlab
 Add the EEGLAB folder to your Matlab path:

[ 4\ maTLAR R20136 [E=REER

r—_@ o) T

EE] - " Fin s & E iz, New Variable | & Analyze Code @ @ Profersnces @ (% Community

Open Variable = > Run and Time = Reguest Support
New New Open ||5|Compare Import  Save 2 & Layout 51 Set Path Help —
Seript v - Data Workspace [, Clear Workspace ~ [’ Clear Commands ~ - > [ OAddOns v
FILE VARIABLE CODE ENVIRONMENT RESOURCES
4 = 5 E . b Coo» Users b marissa » Documents » MATLAB -
Command Window OGN Command History (x)
: e S
@) Mew to MATLAB? Watch this Video, see Examples, or read Getting Started, £ é...%__ 11/14/2013 5:45 T
f{, »»> addpath('C:\Program Files\MATLAB\R2013bheeglabll 0 5 4b'}): ~eeglab
~EEG

—~EEG.history
~eeg_eventtypes
~eeg_eventtypes (EE
~aaglab redraw b
E-%—- 11/15/2013 B:34
- eeglab
—~EEG.history

m

~EEG.comments
~EEG.history
- EEG

""" $—— 11/15/2013 11:1:~

4| 1 | b

|| Ready
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The EEGLAB Matlab software

Computational

Neuroscience

main graphic interface

Current Falder

Mame
| pathdef.m

4\ MATLAB R2013b N =HACINL X
@ a 4 53 3 ‘_:a g @ISearch Documentation P
= EII ::I i [z, Mew Variable | & Analyze Code ~7 () Community
Ii}!‘ E IE Find Files gz E ) E {6} Preferences U
_ E_} Open Variable « é}' Run and Time 53 Reguest Support
New New Open |1=| Compare Import Save Layout @ Set Path Help
Script w - Data Workspace [/ Clear Workspace ~ [’ Clear Commands - v CoAddOns v
FILE VARIABLE CODE ENVIRGNMENT RESOURGES
4 = 0 ﬁ ;v Gk Users ¥ marissa ¥ Documents » MATLAB - B

ONl c- d Window = | =
e ETEOm L =
'@ Mew to MATLABT Watch this Video, see Examples, or read Getting Stard] - T—

fx >> eeglab File Edit Tools Plot Study Datasets Help £

___No current dataset

- Create a new or load an existing

Use "File = Import data” (new)
Or "File = Load existing dataset” (old)
- If new.

"File = Import epoch info" (data
"File = Import event info" (continuous
"Edit = Dataset info" (add/edit dataset
"File = Save dataset" (save dataset)
- Prune data: "Edit = Select data"
- Reject data: "Tools = Reject

I - Epoch data: "Tools = Extract epochs”
- Remove baseline: "Tools = Remove
-RunICA: "Tools = Run ICA"
Details ~ | 4| n_r_:l T r_ r‘
LI Ready
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“Secrets” to a good ICA decomposition

B

» Garbage in, garbage out (GIGO: it’s not magic)

» Remove large, non-stereotyped artifacts

» Do you have enough data? (based mostly on time, not frames)

» High-pass filter to remove slow drifts (no low-pass filter needed)

» Remove bad channels

» Data must be in double precision (not single)
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The Goal of Preprocessing

B

 Create a complete EEGLAB data set with
— EEG time series signal
— Channel Locations
— Event information

* Applying singnal processings on EEG time series to help
ICA decompositions
— Data ‘cleaning’—artifact rejection.
 Removing noisy channels.
 Removing noisy segments of data.
— Applying frequency filter.
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Import time-series

data into EEGLAB

Pre-processing pipeline

Import event markers
and channel locations,

._[/ (~.5-1Hz) /

High pass filter \ ———

N

—> Remove line noise
(if necessary)

Identify/reject
bad channels

Examine raw data
~/ /

N

> Reject large artifact
T time points

Re-reference/
down-sample
(if necessary)
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Importing a dataset

Ccmpulaﬂnnal
MNeuroscience

From ASCI/float file or Matlab array

From Metstation .mff (FILE-IO toolbox)
Fromn Metstation binary simple file
From Multiple seg. Metstation files
From Metstation Matlab files

From BCI2000 ASCI file

From Snapmaster SMA file

From Meurascan JCNT file

From Meuroscan .EEG file

From Biosemi BOF file (BIOSIG toolbox)
From Bioserni BOF and EDF files (BOF plugin)

From EDF/EDF+/GDF files (BIOSIG toolbox)

From AMT EEProbe (CNT file
Frorm AMT EEProbe AVR file

B £EGLAB v110.5.4b
File ] Edit Toocls Plot Study Datasets Help

Import data ' Using EEGLAE functions and plugins
Import epoch info ' Using the FILE-IO interface
Import event info y Using the BIOSIG interface
Export y Troubleshooting data formats...

i Load existing dataset SMBUTY ddlasel tuid)
Save current dataset(s) ch info" (data
Save current dataset as info" (continuous
Clear dataset(s) 0" (add/edit dataset
Create study » 3t (save dd‘?seﬂ
Load existing study }Eellqarttdata

|§ eject

Save current study = Extract epochs”

'I Save current study as « "Tools > Remove
Clear study 3 > Run ICA”
Mernory and other options

B History scripts r
Quit

Tip for Biosemi users:
Use the ‘BDF plugin’ version
of the Biosemi BDF/EDF importer

From BCI2000 .DAT file

From BIOPAC MATLAE files

Frarm Brain Vis. Rec, whdr file

From Brain Vis. &nal. Matlab file

From CTF folder (MEG)

From ERPSS .RAW or .RDF file

Frorn IMStep (ASC file

From 40 .mdd pdf file

From Procom Infinity Text File
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Imported EEG data

| 1 W,

2 il\.l
an I P A Ty
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File Edit Tools Plot Study Datasets Help ~
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Comments and dataset history

& Center
‘)_“- C:'mpumw
&- 1 - Neuroscience
n EEGLAE v11.0.5.4b . E@ﬂ B Read/Enter comments -- pop_comments()
File | Edit | Tools Plot Study  Datasets Help & .
About this dataset
Dataset info
Event fields Data recorded by Marissa Westerfield -
B Recording date: Oct. 14, 2011
About this dataset Paradigm:
Channel locations —Participant looked at fixation box in center of
screen
Select data —-Two types of stimuli (outline of a circle, outline
Select data using events of a star) were presented in the fixation box in
random order
Select epochs or events -Participant pressed a button in response to the star
'l Copy current dataset Stimulus codes:
Append datasets 1 = circle
2 = =star
Delete dataset(s) 3 = button press
Visually edit events and identify bad channels Recording information:
LrAlaSEl SIZE (0} O -reference electrodes were placed on right and leftc
| mastoids (data has already been referenced and the
mastolid channels have been removed)
P —— — e
Processing steps:
Also: high-pass filter - 0.5 Hz
Cleanline applied to &0, 120 H=z
>> EEG.comments Z
and CAMNCEL SAVE
>> EEG.history
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Import time-series
data into EEGLAB

Pre-processing pipeline

. | Import event markers
_[/ and channel locations

High pass filter \ f———
(~.5 - 1 Hz) /

N

—> Remove line noise
(if necessary)

Identify/reject
bad channels

Examine raw data
~/ /

N

> Reject large artifact
T time points

Re-reference/
down-sample
(if necessary)
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\ &

Import data events

Bl EEGLAB v11.0.54b

=RREa X

File | Edit Tools Plot Study Datasets Help

Import data

Import epoch info
Import event info
Export

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

Create study

Load existing study
Save current study
Save current study as

Clear study

Memeory and other options
History scripts
Quit

il

b
' From Matlab array
! From data channel

From Presentation

From E-Prirme ASCI (text) file

From Meuroscan .ev2 file

| [ J
or ASCII file /

LOGfile

A

omputational
Neuroscience

» Import from Presentation event file
» Import events from E-Prime event file
Le Import events from Neuroscan event file

(Often imported automatically

during data import)

LDLEDD u Extract event from channel(s) - pop_chanevent() — e . IE'E'&J
X I
Siiil Event channel(s) 73
unknaown
Mo (labels only)
Mo Preprocessing transform (data="x) Optional. Ex: X=3
257 Transitions to extract? (up|down) i g it (click to select)
Transition length (1=perfect edges) 0
————
3 Assign duration to each events? ] [set=yes)
Delete event channel(s)? (set = yes)
Delete old events if any?
All events of same type? ]
I Help Cancel | Ok |
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Appearance of an event channel in raw data

Figure Display Seftings Help

Scroll activity — eegplot()

4 a

CLOSE| |(Eventtypes| << <[ 4 =] ==

6

_han.

Time

7

Yalue

]

=
1 atsta aiasy | 50 0

Scale
al
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Imported data events

J M ] A no VW M
.“-‘ A ,-t«_,..'_l,\ AN TR “\‘Irh_\ P I,.JI..‘.‘._'A’| Y n.‘“‘u N | Ll A . AR A Wl sl |‘ \ fl N
(N ey Wy L/ v \[o LV P W ey S L o Ll o N WY M |
[J 1/ I .‘,p T W Vi AR -”\”“ e f-‘7|‘..|1’.?‘ Wy J T 111 ‘ i h] ,“f s
\ N ! | warlz
W U Ciestor

Co ymputational

'l" IL‘ xI“

euroscience

:Hle Edit Tools Plot Study Datasets Help If event import was
successful,
you will see an
appropriate

number here
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\ e

| Sample data: basic P300 paradigm
-

R 8
=

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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Opt. head center

R4l EEGLAB vil. - -17.926 Rotate axis
File - Tools Plet Study Datasets Help N 0.51499 Transform axes
| Dataset info 80.784

26.133
-4.0011
17.926
-2.698
85

Kyz -= polar & sph.
Sph. -= polar & xyz
Polar -> sph. & xyz

Event fields
Event values
About this dataset
Channel locations
Select data
Select data using events
Select epochs or events
Copy current dataset
Append datasets

Delete dataset(s)
Visually edit events and identify bad channels

Set head radius
Set channel types

Set reference

Plot 2.0 | MlNose along +X a Plot 3D (xyz)

7 file formats supported |[—

(Polhemus, BESA, ...) ok | ‘

use BESA file for 4-shell dipfit spherical model
use BESA file for 4-shell dipfit spherical model —

use MNI coordinate file for BEM dipht model _
Use spherical file with eye channels m “\
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Import channel locations

Swartz
Center for
Colnpu[uhulmt

Meuroscience

LEYE ]
-45.1543
0.54374  Transform axes\ |
0.79487

| 0T, > polrs on e

-0.15585 Sph. -> polar & xyz
451543 Folar-= sph. & xyz

0 | [T - Pk |
-7.8725
1.1379 Set head radius

EEG

Set channel types
Seat reference ‘

< | < |1t > | > | Ampendchan

L hose along X~ Plot 3-D (xyz)

Fead locs help Look up locs Save (as .ced) Save (other types)
Hel
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AR T e R X

HEOG Opt. head center
) 42 Rotate axis T
: 0.65556 Transform axes -,‘.‘;"' B ’ o
567734 | Sl
50.2186 Xyz -> polar & sph. Neuroscience
-39.9051 Sph. -» polar & xyz
42 Paolar -» sph. & xyz
-28
85 Set head radius

Set channel types

Set reference
W
1 Delete chan
Insert chan S <« 68 > o3 Append chan
_____——' Plot 2-D Nose along +X - Plot 3-D (xyz) -—_____

——————— --—————-
N - s help L Save (as ced)| i Figure 3 -

File Edit View Insert Tools Desktop Window Help ¥ File Edit View Insert Tools Desktop Window Help )
FEFEINEER AR EIL DS HS R [RUPEL-[2[0E[aD

Channel locations

+X
_
+Y

80~

60—

40-|

20~

20

-40

66 of 72 electrode locations shown hOp XXV, Sep 26'29, 2017, TOky




Imported channel locations

A Mo WL

M
A M A n LA A \ A L BT il
b N VA MW e e poa bl VoA 1 Y P / ) A N 1 |
AW W ! W W ‘“‘:-“J'J"I ey g IR Wy "-"'r\' VA I‘«-,'P o Wy A |l'- 'J";u\'lf‘. . l.M..’-,n‘ "'u‘,.\‘, RN AN ”lw‘. 'i ..” P T A
o v | h LAY P s [ary W W N ‘f"‘,l\'.|"'\,:; ) N

MUkl P l N W VN W \ | ¥
! n
| |

File Edit Tools Plot Study Datasets Help w
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Remove unwanted channels

Event fields

Event values
About this dataset
Channel locations

Select data

Select data using events

Visually edit evel

EXGSH EXGE EXGT EXG

Scroll dataset
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Import time-series
data into EEGLAB

Pre-processing pipeline

Import event markers

_[/ and channel locations,

High pass filter
(~.5-1Hz)

N

—> Remove line noise
(if necessary)

Identify/reject
bad channels

Examine raw data
~/ /

N

> Reject large artifact
T time points

Re-reference/
down-sample
(if necessary)
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High-Pass Filter the data

::’ Reason: To improve data stationarity.
| ICAis biased to amplitude, and EEG data has 1/f power specrum density.

B ££GLAB v11.05.4b e Ehjme Sl | B Filter the data - pop_eegfilt) L = |1
File Edit | Tools | Plot Study Datasets Help &
Lower edge of the frequency pass band (Hz) 0.5
_#1 . Change sampling rate Higher edge of the frequency pass band (Hz)

i ! Basic FIR filt . . .

Filter the data — o FIR Filter order (default is automatic)
Filen ~ Rereference ERPLA Butterwort _

|| Motch filter the data instead of pass band
Char Interpolate electrodes ERPLAE Polynomig _ _ _ :
_ _ || Use (sharper) FFT linear filter instead of FIR filtering H|gh-paSS
Fram Reject continuous data by eye Short non-linear TR : : :
E (Use the option above if you do not have the Signal Pra
poc Extract epochs 1 :

Even . | Use causal filter (useful when performing causal an: Needed

Remowve baseline
Sam Run ICA || Plot the filter frequency response

un
Epoc | Use firl (check, recommended) or firls (uncheck, leg for ICA
Epoc Remove components
Refe Automatic channel rejection | Help Cancel | Ok
Char Autornatic epoch rejection
ICAV Reject data epochs * B Dataset info -- pop_newset() = | [
Data Reject data using ICA *
— i ?
Locate dipoles using DIPFIT 2. ] What do you want to do with the new dataset?
.~ L. =9 . . = -,
Peak detection using EEG toolbox Name it: SimpleOddball hipass0.5 Edit description |

FMRIE Tools

Locate dipoles using LORETA r

Cleanline

EEGLAB

] Save it as file: Browse

What do you want to do with the old dataset (not modified since last saved)?

Cwerwrite it in memory (set=yes; unset=create a new dataset)

Help Cancel !
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Good resource for learning filters

https://sccn.ucsd.edu/wiki/Firfilt. FAQ

https://cloud.github.com/downloads/wi
dmann/firfilt/firfilt. pdf

Andreas Widmann from Leipzig
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Import time-series
data into EEGLAB

Pre-processing pipeline

Import event markers

_[/ and channel locations,

._[/ (~.5-1Hz) /

High pass filter \ ———

N

Remove line noise

(if necessary)

Identify/reject
bad channels

Examine raw data
~/ /

N

> Reject large artifact
T time points

Re-reference/
down-sample
(if necessary)
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800

EEGLAB v12.0.2.1b

AW Edit Tools Plot

Study Datasets

Import data
Import epoch info
Import event info
Export

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

Create study

Load existing study

| 3

>
>
>

Help

gxisting

g dataset”

" f(data

" (continuous
fd/edit

ave dataset]

t data”

ect

Fact epochs™

Save current study
Save current study as
Clear study

Memory and other options —
History scripts »

# Remove

ICA®

Manage plugins > Manaae data import pluains

i Manage data processing plugins
Quit Manage deactivated plugins

800

= Plutings available for install on the internet

E Plugin Version Description

[ ERPLABfilters 1.00 Interface ERPLAB filters (requires seperate ERPLAB instalati... Doc

[ Cleanline 1.21 Automatic artifact rejection Doc

L] BERGEN 151 Remaoval of IMRI-related gradient artifacts from simultaneous...
T

Ji¥] =

g g Installed plutings

5 &  Plugn Version Description
[]  brainmovie 0.1 Brainmovies (command line only) Doc

[l [ corrmap 2,00 Mew version 1,03 available. Click update to install. Doc
[ eeg_toolbox 1.0 Interface EEG toolbox functions for ERP peak detection Doc
|:| fMRIb 121 Remave fMRI artifacts from EEG Do
] MP_clustering 1.00 Measure projection clustering of ICA components Doc
[]  MutualinfoClustering 1.00 Mutual information clustering Doc
[]  StudyEnvtopo 09 Add envtopo capabilities to STUDY Doc

[ [ wisEd 1.0 New version 1.04 available. Click update to install. Doe
[ dirfilt 1.02 Mon linear filtering Doc

[] [ loreta 1.4 Mew version 1.0 available. Click update to install. Doc

[ Cancel

Ok

Center
Computational
Neuroscience

Tim Mullen
Qusp CEO
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Remove line noise (Cleanline)

B EEGLAE v11.0.5.4b

] e

File

Edit

#1:

Filen
Char
Framr
Epoc
Even
Sam
Epoc
Epoc
Refe
Char
ICA W
Data

Tools | Plot Study

Datasets Help

Change sampling rate

Filter the data k

Re-reference

Interpolate electrodes

Reject continucus data by eye
Extract epochs

Remove baseline

Run ICA

Remove components
Automatic channel rejection

Autornatic epoch rejection

Reject data epochs r
Reject data using ICA *
Locate dipeles using DIPFIT 2.x r

Peak detection using EEG toolbox

FIMRIE Tools 4
Locate dipeles using LORETA k

CleanLine

B CleanLine Options - = | E [l
Line noise frequencies to remove [60 120]
Scan for line noise (set)
p-value for detection of significant sinusoid 0.0
Bandwidth (Hz) 2
Type of signal to clean Channels -
Indices of Channels/Components to clean "1:65°
Sliding window length (sec) 4
Sliding window step size (sec) 9
Window overlap smoothing factor 100
FFT padding factor 2
Visualize Original and Cleaned Spectra [icet)
Normalize log spectrum by detrending [ | (set)
Produce verbose output (set)
Plot Individual Figures check ] (set)
Help Cancel | Ok
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0.5 Hz high-pass filter

Filter comparisons

0.5 Hz high-pass filter
50 Hz low-pass filter

MNeuroscience

0.5 Hz high-pass filter

Cleanline

n pop_prop() - Channel 31 properties

= [ ) [ o]

:Eg

£l

a

a
File Edit View Insert Tools Desktop Window Help
NEde MR UDEL- 2/ 0EH aD

Channel 31 Continous data
E
1-00 200 730:0 .400
Frames
o Activity power spectrum

I <
> 10

i 2
g o
)

. -10f
[1}]
I g ! ! I I
| = 20 40 60 80
Frequency (Hz)

i pop_prop() - Channel 31 properties
File Edit View Inset Tools Desktop Window Help
DEHS M ANODEL- 2| 0@ 0D
Channel 31 Continous data
e ; =
100 200 300 400
Frames
o Activity power spectrum
I 20r
S
< 0OF
(=]
o
2 -20r
o
5 -40F
g L L L L
[ 20 40 60 80
Frequency (Hz)

378

18.9

-18.9

-37.8

r =
n pop_prop() - Channel 31 properties

e

File Edit View Inset Tools Desktop Window Help

NEEe| b RACDEL- 3|08 a0

Channel 31

Continous data

Trials

-19.3

——p - S

-38.6

100 200 300

400
Frames
~ Activity power spectrum
I
Ej; 10
g of
o
T -10p
o
g L L L L
[ 20 40 60 80
Frequency (Hz)

38.6

19.3
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Data Cleaning for ICA

1. Continuous Data
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Pre-processing pipeline

Import time-series " | Import event markers ' ' High pass filter \ ———

data into EEGLAB _[/ and channel locatio.ns-.—[/ (~.5-1Hz) /

| : : Identify/reject \ )
> Remove line noise yire] Examine raw data

o N\ Re-reference/ N
> Reject large artifact down-sample
time points —/ (if necessary) —[/
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Manually identifying bad channels

&
W e

' \\g___ g Neuroscience
Figure Display Settings Help k]

1) Identify bad channel

qC

ai: Scale
e e e e e e e
. i i i ==
450 451 452 453 454
Chan. Time Walue
HLIEEL ErEEES | < | = 448 A >> o1 451.0963 36619 33 j REJECT
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B EEGLAE v11.0.5.4b =

Manually identifying bad channels

u Channel spectra and maps -- pop_spectopo()

Percent data to sample (1 to 100):

Plotting frequency range [lo_Hz hi_Hz]:

File Edit Tools Plﬂtl Study

_ #3: Simf

Filename: n
Channels pe
Frames per
Epochs
Events
Sampling ra
Epoch start
Epochend |
Reference
Channel loc
ICA weights
Dataset siz:

Datasets Help

Help

Channel locations L4

Epoch time range to analyze [min_ms max_ms]:

Freguencies to plot as scalp maps (Hz):

Spectral and scalp map options (see topoplot):

0 333996.0838

100

610 22 60

280

‘alectrodes”, off

Cancel

Ok

Computational
Neuroscience

Channel data (scroll] u Figure 2: spectopa()

2R X

Channel spectra and maps File Edit View Insert Tools

Channel properties =" B
Channel ERP image

Channel ERPs r
ERP map series k
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps k
Component properties

Component ERP image

Component ERPs r

Sum/Compare comp. ERPs

Data statistics ¥

Tirne-frequency transforms r

Cluster dataset ICs
ccuorAp vwurkshop XXV, Sep 2

Desktop  Window  Help

LTV EN- S| 0E O

22.0

60.0 Hz




Manually identifying bad channels

—_— >
- u Component properties - pop_prop(]
B EEGLAB v11.05.4b ]
File Edit Tools [Plot| Study Datasets Help - CIETTE [TLEILERE D12 3,31
. _ Spectral options (see spectopo() help): freqrange’, [2 50]
#3: S"‘nF Channel locations 4 | :
Channel data (scroll])
Help | Cancel | Ok |
Filename: p Channel spectra and maps
Channels p- Channel properties L ~
FETE per Charn POF'_P.ropO - Channel 3 properties = | =) [ | | Bl pop_prop() - Channel 31 properties =l
EpDChS Chan File Edit View Insert Tools Desktop Window Help = File Edit View Insert Tools Desktop Window Help N
Events ERp
Samplmg ra Channel 3 Continous data Channel 31 Continous data
Sum 3722 ; : 38.6
Epoch start \ s d
Epoch end | S 1861 SR | 193
': w w = e L
Reference o 2 100 0 B 100 e Sl | o
Channel loc Com = - = =S
ICAweights  Conl 1861 e 0
Dataset siz¢ Con — N, s T
100 200 300 400 100 200 300 400
Com Frames Frames
Sum g Activity power spectrum § Activity power spectrum
N‘“‘ N“-.
. L =] ] |
Time 81.]— 40+ . g‘f I
Clus _ = L
Il & 30F = O
g 20 C ] | | 1 ] g _'1 0 | | | 1 |
| 10 20 30 40 50 = 10 20 30 40 50
Frequency (Hz) Frequency (Hz) I
Cancel | Valies | AccerT| HELP | oK | u Cancel | Vaiies|  accep] HELP | oKk |




Removing channel(s)

o i
U II
NPT A T Y T
S LYV \ Wi W \ N |‘|\ WA M
" Lo / \/ Y d
b 1 ny v V o W \

I Swartz

Center for
CI::-||'||.'-u[.lll-:.r||.‘|l
euroscience

Event fields
Event values _
About this dataset [
Channel locations
Select data
Select data using e
Select epochs or e

If not checked, will result

In dataset with one channel
|
]

Copy current data
Append datasets
Delete dataset(s)

F&

Scroll dataset

- [ em ]
[ zet info -- Dop_Ne zetl] — E )

[
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Pre-processing pipeline

Import time-series "\, Import event markers High pass filter \ f———

data into EEGLAB _[/ and channel locatio.ns-.—[/ (~.5-1Hz) /

N

—> Remove line noise ' ldentify/reject Examine raw data
(if necessary) _[/ bad channels

N

o N\ Re-reference/ N
> Reject large artifact down-sample
time points —/ (if necessary) —[/
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Plot channel spectra

B Swarts

Center for
Computational
Meuroscience

FGLAB v11.0.5.4k

e

| File Edit Tools [Plot| Study Datesets Help

Channel locations ¥

Channel data (scroll)
Channel spectra and maps

liﬁu_m_gment Empertles =

Channel properties

Channel ERP image
Channel ERPs r

ireqrange (2 9] )
Cancel | Ok_|

ERP map series k

Sum/Compare ERPs

Component activations (scroll}

Component spectra and maps
Component maps r
Component properties
Component ERP image
Component ERPs r

Sum/Compare comp. ERPs

Data statistics r

Tirme-frequency transforms r
Cluster dataset ICs
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Scroll channel data
-
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i \\o- Neuroscience

EEGLAE v11.05 4bﬁ Scroll channel activities -- eegplot()

- - Figure Display Settings Help
File Edit Teools Plﬂ-tl Study  Datasg
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Scroll channel data

- S [ 9 euroscience
- Scroll channel activities - eegplot() |E|E|ﬁ

Figure Display |Settings. Help
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Pre-processing pipeline

Import time-series "\ | Import event markers

data into EEGLAB _[/ and channel locations;,

._[/ (~.5-1Hz) /

High pass filter \ ———

N

—> Remove line noise ' Identify/reject
(if necessary) —[/ bad channels

Examine raw data
~/ /

N

Re-reference/
down-sample
(if necessary)

Reject large artifact
time points

EEGLAB Workshop XXV, Sep 26-29, 2017, Tokyo, Japan — John Iversen — Preprocessing 37



Reject continuous data

[ Swartz 5 =
Center for
Cl:-l'l'lpu[ullt.‘m.‘ll

NEU[CIS(.IEFI(.I?

T e
EEGLAB v7.1.7.18b ESREE—)
File Edit LS Plot  Study  Datasets Help

Channel locations Change sampling rate

Channel data (scroll) Filter the data

Channel spectra and maps Re-reference
Channel properties Interpolate electrodes
Channel ERP image Feject continuous data by eye

Channel ERPs Extract epochs

ERP map series Remowve baseline

Sum/Compare ERPs Run ICA

Component activations (scrall) Remove components

Component spectra and maps Autormatic channel rejection
Component maps Automatic epoch rejection
Component properties Reject data epochs
Component ERP image Reject data using ICA

Companent ERP's Locate dipoles using DIPFIT 2.x
Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms

Cluster datasetICs




Reject continuous data
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Rejecting data for ICA

“w

To prepare data for ICA:

Scroll channel activities — eeap

Figso Display Sattnge Halp

o

e

enter for
Com putational
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Fast (but sloppy) artifact rejection

n Scroll channel activities — eegplot()

Figure Display [Settingsl Help

Tirne range to display
Mumber of channels to display

Channel labels

u Change windc...lilgl-g_hj

Spread

Denarm

Z Lifl ]
eem aten Mew window length (s):
Events r
30
Help | Cancell Ok |
R & o5 LH _.w'I'-._ y 11.m.lﬂ'l'l. I':TI )
Scale
1
1 1 1 1 :I:'"
1 2 3 4 5
Chan. Time  Value =
Event types| == o | == 3.0082 1 = REJECT
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Fast (but sloppy) artifact rejection

Computational

u Scroll channel activities -- eegplot() =

Figure Display Settings Help

CANEEL| Event types|

Chan. Time Value =

1 = 30 | = == 42 2626 1 = REJECT |
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Data Cleaning for ICA

Variant 2. Epoched Data
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EGLAB v11.0.5.41

File Edit | T Dl >> eeqg_eventtypes(EEG)
1 140
2 60
60

Change sampling rate

Filter the data k
Re-reference
Interpolate electrodes

Reject continuous data by eye

I Extract epochs I

Remove baseline

Fun ICA

Remove components

Autornatic channel rejection
Automnatic epoch rejection

Reject data epochs »
Reject data using ICA »

. Extract data epochs - pop_spoch()

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

FMRIB Tools r
Locate dipoles using LORETA *

o s |

CleanLine

.

I

_ —
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Extract epochs
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File Edit Tools Plot Study Datasets Help N
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Select a subset of epochs

M= 1

la=ulkCLl X ) o
‘0’ because the subject il Ya 5

Center for

Dataset info did not miss any targets ) EeE
Event fields

Event values
About this dataset
Channel locations

Select data
Select data using events

Select epochs or events

Copy current dataset

-
T Noseseipion || o w1 o>

" Wodeserpton |

E

E

 concd || ok ] |
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u Dataset info -- pop_newset() ARSIy X

' ‘ What do you want to do with the new dataset?
Name it: SimpleOddball target epochs Edit description ‘
/ ] Save it as file: Browse o
‘)_* Y/ ‘ c.o:pulltbml
w? Neuroscience

Some changes have not been saved. What do you want to do with the old dataset?
o Overwrite it in memory (set=yes; unset=create a new dataset)

‘Do not overwrite || Saveitasfile C:\Users\marissa\Desktop\EEGLABwork Browse |
current dataset' Help Cancel | ok |

Save dataset (optional)

u' EEGLAE 14’11.05.:1;__ y n Save dataset with .set extension -- pop_saveset() ﬁ

Y Y 3
File | Edit Tools Plot Study Datasets Help w (e | |+ » EEGLABWorkshop » Data ~ | 42 || search |
Ir'rlpu:-rt data 3 I" targ_ets ‘ Organize = Views = [ Mew Folder
Import epoch info r Favorite Links Name Date modified Type
. faces_3.set 11/11/2013 &:21 PM SET File
3 | Documents = -
LERCHE R FE N | |faces_d.set 11/11/2013 421 PM  SET File
Export i Recent Places | simpleOddball.set 11/13/2013 7:15 AM  SET File
A—— Or save later from menu | = o= __|SimpleOddball_cont_r.. 11/14/20139:57 PM  SET File
oad ewsting dataset % Computer [ stern_125Hz.set 11/11/2013 417 PM  SET File
Save current dataset(s) 60 [# Recently Changed
Save current dataset as ;g i B Pictures |
Music
Clear dataset(s) B
-0.102 FE' Searches
Create study r 0.996 | Public
Load existing study unknown Folders ~ . .
Save current study Yes i
File pame:  SimpleCddball_target_epochs -
Save current study as No l
Save astype: | (*.set) -
Clear study 47 |
Memory and other options . # Hide Folders [ save | | Cancel |
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Scroll (epoched) channel data
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EEGLABE v11.0.5.4b
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Tirne-freque i

File Edit Teols | Plot | Study  Datasets  Help o
#3: SIITIF Channel loc3 Scroll channel activities -- eegplot() |E|E|i-J
Channel dat Figure Display Settings Help o
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Reject epochs with artifact

Figure Display Settings Help L]

1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch
= = = = ~ Norm
S 1 S 2 S 3 N < N S5
ﬁw ! L T T
BE e N ae
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Imm A T Y o Kk Yot
SRRRS e )
£ T
mw W
o % A
WW AN Ay
e e
B Click anywhere within Gt g ]
e N U N AN /AN Yr N e
7] vaseRTas : T oo s oA
A Erpr an epoch to select it v AR
SEaenveNaeN e R
[ e . SeiiTe e NN
AR e for rejection ST BB e A (Y
§ VRN S AR e N
? B VY Y Al VAR
B veEi e
Sk A e R
£ oo N R W
2 b Vs EVEEE AN Ce e s
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S Y s nob st A T e R - e
A S T AR s S e A o I VSV 28
ERR s R A B At S U i K —
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Chan. Time Value

REJECT

| |

CAMNCEL Event types ‘ << < 1 = == Fp1 886.0564 -1.0265 28
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Reject data epochs

Campulal'bnal
MNeuroscience

File  Edit Plot Datasets  Help N
Change sampling rate
—#1: 1 _ s —
Filter the data b
Filer = Fe-reference "
Chan Feject continuous data by eye
Frarme Extract epochs
Epoch

Femowe baseling

Evant
Samp R A,

Epock Remowve components

ii::; Automatic epoch rejection

“han Feject data epochs Feject data (all methods)

[ A Feject data using [CA ] Feject by inspection

Datas Locate dipoles using BESA, b Feject extreme walues
Locate dipales using DIPFIT 2% » Feject by linear trend fvariance
Laplacian 3 Feject by probability
FMRIE Tools Y Feject by kurtosis
Crand average datasets b Feject by spectra
Locate dipoles using LORET A 3 Export marks to [CA reject
FCaA alugin b Feject marked epochs
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Reject data epochs

A T |
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Reject trials using data statistics - pop_rejmenu(}

Scroll Data

visual

Inspection

Calc [ Plot

Calculate

: probability \
Seroll Data Hel
|

Calc [ Plot

Showr all trials marked for rejection by the measure selected above or checked below
W Aknormal values R Abnormal trends

W Abnormal distributions W Abnormal spectra

W Abnormal appearance
W Improbable epochs

Close (keep marks) Clear all marks Reject marked trials




Reject data epochs
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Reject data epochs

Campulal'bnal
MNeuroscience

File  Edit Flot Diatasets  Help N
Change sampling rate

—#1: 1 _ s —
Filter the data b

. Fe-reference
Filerz t

“han Feject continuous data by eye

Fram: Extract epochs
Epoch
Ewant
Samp Fun 1CA

Femove baseline

Epach Femowe camponents

EE{::; Automatic epoch rejection

Chan Reject cdata epaochs Feject data (all methods)

[ CA w Reject data using 1CA ] Reject by inspection

Datas Locate dipoles using BESA b Feject extreme values
Lacate dipaoles using DIPFIT 2% # Feject by lingar trend variance
Laplacian 3 Feject by probability
FMEIE Taals b Feject by kurtosis
Crand awerage datasets b Feject by spectra
Locate dipoles using LORET A b Export marks to ICA reject
FCaA plugin r
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Visualize ERP in rectanqgular array

\‘f’_"—
EEGLAB v11.0.5.4b = | B S
File Edit Tools | Plot | Study  Datasets Help o =
#5: S|mF Channel locations 4 ;j n TR LTI T —
Channel data (scroll) Eile Edit View Inset Tools Desktop Window Help N
Filename: n Channel spectra and maps j _’=5 H :.;3 [:E B, & {1’!‘? @ -@ ‘% - @J D IE‘ [ E
Channels pe Channel properties
Frames per Channel ERP image SimpleQOddball targets rej
| Epochs Channel ERPs With scalp ma 1 p 3 1 = = 7
Events ERP i In scalp/rect. 3 m _Lll&h 1&&“ i
Sampling ra map series p/rect. g L e Ao, . R Vot S Wt
Epoch start -/ CompareERPs g 10 11 12 13 14 15 6
Epoch end { Component activations (scroll) e, ...uz&m .._hﬂ'.&..‘ .,b"h'ﬁ:_. .,,b.'hh.. ...,lqﬁfh._. g,
Reference Component spectra and maps 17 18 19 20 21 29 3 4
Channel loc Component maps 4 i .._H'"&h...< ..,,JL...._ .,‘;h.._. ._;,&_.N .ﬂ.&n.,,,« ...r.ﬂ.u..,_ % i,d—.
I ICA weights Component properties ! 5 96 a7 28 29 30 31 32
Dataset siz¢ Component ERP image : il : ) : i : : A : E'. : .".
Component ERPs M
! ) —__—_——_ 33 34 35 36 3l 34 39 40
Sum/Compare comp. ERPs I Jop e LA e LA rm _m __ul&n_ _Jm&,&n _m
Mata ctatichire 3
n Topographic ERP plot - pop_plottopao() E@i:—hj I"': 1 A I"':E 43 fdlE f EE f EE .d.l TE f 8 &
Channels to plot 1:66 49 50 E’1z TE 53 E’4z EET EET
Plot title SimpleQddball nontargets re| e g 1 1 1 | I
Plot single trials [ (set=yes) ET £8 £9 ] G1 Fﬁ. 3 4
Plot in rect. array {S -.a.-‘i"n...._. -anﬂﬁ...-. --i‘&n:w- jﬂ“ﬂ'— At s A j“lﬂmén j-pﬂv:r
£70.
Other plot options (see help) RE (o
=" 1" -20.1
Help Cancel | Ok | -102 596
Time (mz}
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Visualize ERP in topographic array

\ oy
EEGLAB v11.0.5.4b = | B o
File Edit Tools | Plot | Study Datasets Help ~ B Figure 2: ploﬂcpﬂD__ — . - —
~_#5: Slm[: Channel locations "Ej File Edit View Inset Tools Desktop Window Help "
Channel dat I - e \ =
annel data (scroll) _hl_-‘lﬂqa! [:3 _,__\. \@@@Jﬁ' @_;. D E = E
Filename: n Channel spectra and maps
Channels p¢  Channel properties SimpleOddball targets r%i'EDtk“"
Frames per Channel ERP image

Epochs Channel ERPs With scalp ma

' Events ERP i In scalp/rect. 3 TEL FF‘ Fp FP

Sampling ra o e PITe AF AF

Epuch start Sum/Compare ERPs AF AF AF
Epoch end ( Compenent activations (scroll) F7 FE{H‘&_ E+¢&EB
Reference Component spectra and maps F3 F1 z 2 4

Channel loc Component maps L FF?\"’N; 4.'73.1_‘_‘ %\Bﬁ_q..l_—r*h
I ICA WEigh_tS Component properties ! FC FC C FCJE FCJ FC c
Dataset siz¢ Component ERP image i:

Component ERPs 4 'IT| C5" C3T" c1 Cz] c2 Y Cc4 CE| T8

Sum/Compare comp. ERPs
. ____Data statistics 2 %P%:P‘i}h |:FI4l t:FI *l CP{F&- %ﬂl‘n-

n Topographic ERP plot - pop_plottopol() E@ﬂ_hj TP1 P cF s
Channels to plot 1:66 P
Plot title SimpleOddball nontargets re 1"‘—11#-'

e p gets rej pg-\v’-— PO PO PO F'1EF"
Plot single trials [] {set=yes) PO f PO +20.1
Plot in rect. array [ ] (s et=yes) o1 Oz%ﬂw‘ 021 . ,‘_.
Other plot options (see help) K

ydir', 1

Help Cancel | Ok |
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Visualize ERP scalp distribution

‘ B ERP data and scalp maps - pop_timtopo() O | B |
:’%r.—"-: Plotting time range (ms): 1015625 996.0938 cﬁ".‘f:’:iﬁ.
' Scalp map latencies (ms, Mal -> max-REMS) MNaM
Flot title: ERP data and scalp map:

Scalp map options (see == help topoplot):

Help Cance Ol

Cluster dataset ICs

e ———
B Figure 2: timtopo() =RUCIN X ]
L.
- File Edit View Inset Tools Desktop Window Help
B EEGLAB v11.0.5.4b = | ] b e —
LY i (&
— (Fie] Ddde | ARXTDEN- S 0EH nd
File Edit Tools | Plot | Study Datasets Help ™
#5: SimF Channel locations * ;j 352
Channel data (scroll)
Filename n Channel spectra and maps
Channels pe Channel properties
Frames per Channel ERP image
I Epochs Channel ERPs With scalp maps
Event? ERP map series In scalp/rect. array
amphng ra
EpOCF:'I] S?art Surn/Compare ERPs
EDOCh end ( Component activations (scroll)
Reference Component spectra and maps —
i Channel loc Component maps r ' =
ICA weights Component properties 5
Dataset size Coemponent ERP image E
Component ERPs L E
- Sum,/Compare comp. ERPs _— _,g
Data statistics 4 L
Time-frequency transforms L
i
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Visualize channel ERPs in 2D

. [ n Plot ERP scalp maps in 2-D - pnp_topc?;.rlintﬂl - E@ﬁ
\ —C Plotting ERP scalp maps at these latencies 25-25-300
o (range: -102 to 996 ms. Nal -» empty):
( Plot title : .
Bl EEGLAB v11.0.5.4b ot aeomet B Figure 2 TN x|
File  Edit  Tools M Study  Dat: File Edit View Inset Tools Desktop Window Help ¥
__ #4:Simp Channellocatig =>Additional ) Sl S | (RO EL- D 0DE =D
Channel data (
Filename: n Channel spectr
Channels pe Channel prope Help
Frames per Channel ERP in|
Epochs Channel ERPs b
E‘u’EF‘ItE‘T ERP map series !
Ezglﬂlgfaﬁ Sum/Compare ERPs
Epnch end | Component activations (scroll)
Reference Component spectra and maps
Channel loc Component maps r
ICA weights Component properties
Dataset siz¢ Component ERP image
I Component ERPs i
- Sum/Compare comp. ERPs
Data statistics L 16.2
Tirme-frequency transforms r Ay
Cluster dataset ICs 0
-8.1
-16.2

SimpleQddball targets rej
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Visualize channel ERPs in 3D

e
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B EEGLAE v11.0.5.4b

||:| Eg

- Figure 2

File Edit View Inset Tools Desktop Window Help
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File Edit Tools |Plot | Study Datasets Help | [ Figure 3 EEE
#4. SimF Channel locations File Edit VMiew Insert Tools Desktop Window Help N
Channel data (scroll) Odde | | S = w@@ P @'| 0 IE' = O Bt I
Filename  n Channel spectra and maps 130 ms "‘;’
Channels p¢ Channel properties
Frames per Channel ERP image ) T 70 [
Epochs Channel ERPs
Events :
ERP map series
Sﬂl!}iﬂ_] ra
Sum/Compare ERPs
Epoch start ! e
Epoch end | Component activations (scrol m
Reference Component spectra and mapy
Channel loc Component maps A0 s
ICA weights Component properties 2158
Dataset siz¢ Component ERP image | 109
Component ERPs /3 ]
— = Surn/Compare comp. ERP= ] -10.9
Data statistics -21.8
Tirme-frequency transforms ntg
Cluster dataset ICs I
T - —
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Import time-series
data into EEGLAB

Pre-processing pipeline

"\ | Import event markers

_[/ and channel locations,

High pass filter
(~.5-1Hz)

N

—> Remove line noise
(if necessary)

N Identify/reject

_[/ bad channels

Examine raw data

N

> Reject large artifact
T time points

Re-reference/

down-sample
(if necessary)
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Re-reference data (if necessary/desired)

A T
" M M W

W | -",' Center for
C omputational
euroscience

|=r'I’ﬂLI'.'.|I'1F-
File Edit Bl

Plot Study  Datasets Help

Change sampling rate
Filter the data
Re-reference average reference

Interpolate electrodes

Reject continuous

Extract epochs

Remowe baseline

Fun IC&

Remove compone

Automatic channel
Automatic epoch r

Reject data epochs

Reject data using I{
MFT plugin
SIFT

Locate dipales usin

Peak detection using
FMPRIE Tools
Locate dipoles using LORETA
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On Average Referencing

* In theory, positive and negative current
across entire head should balance—no
net current source or sink: Average
referencing enforces this.

 [CAis invariant to re-referencing, except
for

» Effect of rank deficiency
 DC difference.

» Average referencing reduces data rank
by 1. s6 you mustremove one channel
{Czoften) See update below.

https://sccn.ucsd.edu/wiki/Makoto's _preprocessing_pipeline#Re-reference_the data to_average
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Resample data (if desired)

Center for
Ccmpulaﬂnnal
MNeuroscience

Reason: Reduce space, time. But keep nyquist and

ICA data length requirements in mind...

B EEGLAE v11.0.5700 N —
File Edit | Tools | Plot Study Datasets Help N

#2: Change sampling rate s reref
Filter the data k
Re-reference [ Resa = | =

) mp_ll_:.ctir...- B il il
i Interpolate electrodes

Fr Feject continuous data by eye Mew sampling rate
Extract epochs 256|

E :
Remove baseline l

Run ICA Help | Cancel Ok I

Rermove components

Ref Automatic channel rejection

Automatic epoch rejection
ICA Reject data epochs L I
D Reject data using ICA b

Locate dipeles using DIPFIT 2.x b
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PN = y e, .-‘I"
I~
Swarr2

Center for
Cumpuulimml
Meuroscience
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Exercises (optional homework)

£

* Preprocess data of your choice or load a
previously filtered dataset e.g. faces_4.set

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

« Epoch on event of interest. Scroll the epoched
data and perform visual rejection of epochs
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