EEGLAB Processing

Data import
Basic ERP visualization




Installing EEGLAB and data folder

o Start Matlab

« Add the EEGLAB folder to your Matlab path:

4\ MATLAB R2013b

HOME

E EE:' - L] Find Files &

E Ll New Variable
£ Open Variable «

Dﬁlé

| & Analyze Code
(5‘»‘ Run and Time

@ I.'|f|J n& {Ep: J:__‘ @ ';..En‘..' E @ISearch Docurnentation
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% Community
E {0} Preferences @ 9

3 Request Support

New MNew Open |{%|Compare Import Save Layout ﬁBﬂtPath Help
Seript v v Data Workspace [ ClearWorkspace ~ |7 Clear Commands ~ v ~ CpAddOns v
FILE VARIABLE CODE ENVIRONMENT RESOURCES
=9 H ﬁ . v Coor Users » marissa » Documents » MATLAB -
Command Window Command History ®
(@) New to MATLAB? Watch this Video, see Ecamples, or read Getting Started. x| he f_q_‘ 015 sias I
f{ >> addpath('C:\Program Files\MATLAB\R2Z013b\eeglabll 0 5 4b'}):; eeglab
-~ EEG
~EEG.history
--eeg EVENnttypes
~eeg_eventtypes (EE
il eeglab redraw N
E-%-- 11/15/2013 8:34
eeglab
-~EEG.history =
- EEG. comments
-~EEG.history
il ~EEG 1
""" %-- 11/15/2013 11:1: ~
4| m | 3
Ready
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The EEGLAB Matlab software

Center for-
Comput:ﬂonal
Neuroscience

main graphic interface

4\ MATLAE R2013b

- | e
IE o & 5 @ (= @ISearch Docurnentation DB

=1 E: II:I ) MNew Variable Analyze Code ~ S Community
|_—{|L!' Tj Ea Find Files Qz E = L\‘? E @ Preferences @ &
E_} Open Variable - &> Run and Time 5} Request Support
New New Open IEJ Compare Import Save Layout ﬁ Set Path Help
Seigt v v Data ‘Workspace [ Clear Workspace ~ (I Clear Commands ~  « v  CAddOns ~
FILE VARIABLE CODE EMNVIRONMENT RESOURCES
€ = g E . v T » Users » marisza » Documents ¥ MATLAB v R
— R
. P e ose ) R
Mame ? New to MATLAB? Watch this Video, see Examples, or read Getting Start] -
£ pathdef.m v ecglabl File Edit Tools Plot Study Datasets  Hel &
~ a J

___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
- Epoch data: "Tools = Extract epochs”
- Remaove baseline: "Tools > Remove
-RunICA: "Tools = Run ICA"

Details

Ready
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Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

|
Import event markers

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

!

—/

Examine raw data

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/




B EEGLAB v11.05.4b

Importing a dataset

File | Edit Tools Plot Study

Datasets  Help L

Import data
Import epoch info
Import event info

Export

Using EEGLAE functions and plugins

2
Sw‘?}n‘%'- /i
Center for

Compumlonal
Neuroscience

From ASCI/float file or Matlab array

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

Clear dataset(s)

Using the FILE-IO interface
Using the BIOSIG interface

Troubleshooting data formats...

ZRIEUNY Udid=er Uiy

ich info" (data
info" (continuous
0" (add/edit dataset

Create study

set" (save dataset)

Load existing study
Save current study
Save current study as

Clear study

Memory and other opticns

History scripts

Quit

= Select data”
llé = Reject

= Extract epochs”
- "Tools = Remove

5 = Run ICA" e

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

From BCI2000 ASCI file

From Snapmaster .SMA file

From Meuroscan (CMNT file

From Meuroscan .EEG file

From Biosemi BDE fil Q151G toolbox)
Fromn Biosemni BOF and EDF files (BDF plugin)
From EDF/EDF+/GDF files (BIOSIG toolbox)

From AMT EEProbe .CNT file
From AMT EEProbe .AVR file

Tip for Biosemi users:
Use the ‘BDF plugin’ version

of the Biosemi BDF/EDF importer

From BCI2000 .DAT file

From BIOPAC MATLAE files

From Brain Vis. Rec. whdr file

From Brain Vis. Anal. Matlab file

From CTF folder (MEG)

From ERPSS .RA&W or .RDF file

From INStep ASC file

From 40 .mdd pdf file

From Procom Infinity Text File




Imported EEG data

) w MV
| | My h
R P "

File Edit Tools Plot Study Datasets Help ¥




Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

|
Import event markers

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

Remove line noise
(if necessary)

~/

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/
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Import data events

B EEGLAB v11.054b

File | Edit Teools Plot Study  Datasets Help o f
°
Import data sl
Import epoch info r | *

Import event info '

Export '

From Matlab array
From data channel
Load existing dataset From Presentation
Save current dataset(s)

Save current dataset as

From E-Prime ASCI (text) file \

From Meuroscan .ev? file

.

or A5CI file

LOG file

f/ g \\
Si ol
Center for-

Computational
Neuroscience

Import events from Matlab array or ASCII file

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

Clear dataset(s) Lﬂma[}[} n Extract event from channel(s) - pop_chanevent() -y i . I.Elglﬂ_hj
reate study ' 3é3_ggﬁ Event channel(s) 73
Load existing study unknown
Save current study No (labels only)
Save current study as Mo Freprocessing transform (data="x) Optional. Ex: X=3
Clear study 257 Transitions to extract? (up|ldown) i q & (click to select)
Memory and other options Transition length (1=perfect edges) 0
————
History scripts r Assign duration to each events? ] (set=yes)
Quit
Delete event channel(s)? (set = yes)
Delete old events if any? I
(Often imported automatically All events of same type? o *
during data import) ‘ Help Cancel ok




Appearance of an event channel in raw data

4 » \
Cente

Computaﬂonal

Scroll a::ti\rity - eegplﬂt(} _Ox Neuroscience

Figure Display Settings  Help

Scale
ﬂ al
1 —_+

4 ] G 7 a 9
Chan. Time Yalue

CLOSE| |Bventtypes| <<| <f[ 4 =1 == 1 a1s15 31457 | 50 j




Imported data events

If event import was
successful,

you will see an
appropriate

number here

10



- R

| Sample data: basic P300 paradigm
Ed

Q-

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

11



Import channel locations

Fp1
-17.926
0.51499
80.784
26.133
-4.0011
17.926
-2.698
85

Opt. head center
Rotate axis

Transform axes

Dataset info
Event fields

Xyz -= polar & sph.
Sph. -= polar & xyz
Polar -» sph. & xyz

Event values
About this dataset
Channel locations
Select data
Select data using events
Select epochs or events

Set head radius
Set channel types

Set reference

Copy current dataset

Append datasets

Delete dataset(s)

Visually edit events and identify bad channels

Plot 2-0 [ MINose along +X a Plot 3-D (xyz)

7 file formats supported |
(Polhemus, BESA, ...) T ‘

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

use MHNI coordinate file for BEM dipfit model _
Use spherical file with eye channels m “

. [ Edit channel info — pop chaneditd e e T

12



Import channel locations

\ M A Iy | A
M A r VW . M A M, | A : MR &
T T, A A M nia » v Y / | [ 1 | i \ LN A

Y A VL \ Fw\ A A YA o, A | Y T R '™ T M,
vV v . | / P PVAA ~ M WS P A M

/e

I Swartz
Center for
Compulalionai
Neuroscience

Opt. head center

Transform axes

Xyz -= polar & sph. |

LEYE
-45.1543
0.54374
0.79487
0.79917
-0.15585
45.1543
-7.8725
1.1378 Set head radius
EEG Set channel types

Browse

Sph. -= polar & xyz

Polar -» sph. & xyz

Cancel || Ok |

Set reference
P NG

EEG

S

Plot 2-D | [Nose along +X hd Plat 3-D (xyz)
Fead locs help Look up locs Save (as .ced) Save (other types)
Ok |

13



= o —
Edit channel info -- pop_chanedit(}
P

HEOG
42

0.65556
b8.TT734
50.2186
-39.9051
42
-28
85

Opt. head center
Rotate axis

A /4
Jh 1 B

Transform axes

W . B Swartz

Center for
Computational
Neuroscience

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

Set head radius
Set channel types

Set reference

Tsenchan | << | < | & > | > | Aspendchan |

Plat 2-D

_ Mose along +X - Plot 3-D (xyz)

Eile Edit View Inset Tools Desktop Window Help e
NEEe|b|RATDEL- A|0B DO

Channel locations

Eile Edit View Inset Tools Desktop Window Help L

NEde R ODeL G008 a0

Save (as .ced) i
T

66 of 72 electrode locations shown



|
" ‘ I
4N
| ! |

Imported channel locations

15



Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

|
Import event markers

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

Remove line noise
(if necessary)

~/

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/
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Re-reference data (if necessary/desired)

| ~
" " \ . k | | . /
b AN Ya, My AN L . T AN M MV A  /
L A . Swartz
Center for
Campulalional
Neuroscience

B EeGLAB V1022

Plot Stucy Datasets Help FOI" example,

Change sampling rate

Filter the data

average reference

Re-referance

Interpolate electrode

Reject continuous 4

Extract epochs

Remowve baseline
Run ICA

Remowve compone

Automatic channel
Automatic epoch

Reject data epochs

Reject data using I
MFT plugin
SIFT

Locate dipales usinkg
Peak detection using EEG toolbox
FMRIE Tools
Locate dipoles using LORETA




Re-reference data (if necessary/desired)

/2
/

) \
b AN WA i

LY . Swartz
Center for
Campulalional
Neuroscience

EEGLAB v10.2.

File Edit QEG]E

Plot Stucy Datasets Help

OR, re-reference to

Change sampling rate

Filter the data

(i.e.) 'linked mastoids'

Re-referance
Interpolate electrodes

Reject continuouy”

Extract epochs

Remowve baseline
Run ICA

Remowve compon

Automatic chann
Automatic epoch

Reject data epoc

Reject data using
MFT plugin
SIFT

Locate dipoles us

Peak detection us*
FMRIE Tools
Locate dipoles using LORETA L




TN
Sivartz f’,;% |

enter for
Compumlonal
Neuroscience
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Save new dataset, keep old one

\ ) TONUW T \ W . B Swartz

Center for
Computational
Neuroscience

SimpleOddball continuous reref Edit description

Browse

C:\Users\marissa\Desktop\EEGLABwork m

Savein: [ ), MATLAB x| B E

File Edit Tools Plot Study Datasets Help ~

| MName | Date modified Type
m W external 11/10/2009 5.5 M File folder
| functions 1171072009 5:50 AM  File folder
.ﬂ plugins 11/10/2009 5:52 AM  File folder
Desktop .H sample_data 11/10/2009 5:52 AM  File folder
ﬁ | sample_locs 11/10/2009 5:52 AM  File folder
=

L}
&

20



Multiple active datasets (ALLEEG)

| M
W\ N I’
|

Dataset 1:5impleCddball continuc
v Dataset 2:SimpleOddball continue

Select multiple datasets

21



Resample data (if necessary)

BT EEGLAE v11.0.5.40 e =
File Edit | Tools | Plot Study  Datasets  Help
#2: Change sampling rate
_ Filter the data b
Filen Re-reference
Char Interpolate electrodes
Fram Reject continuous data by eye
Epoc Extract epochs
Even Remove baseline
Sam
Epoc RunICA
Epoc Remove components
Refe Automatic channel rejection
Char Autornatic epoch rejection
ICA v Reject data epochs r
Data Reject data using ICA r
4

Locate dipoles using DIPFIT 2.x

I1s reref

- |

Bl Resample curr.. I.Elglﬁ

MNew sampling rate

128|

Help | Cancel, Ok |

S

m
Swarz 5

Cente
Computaﬂonal
Neuroscience

22



Remove unwanted channels

FGLAR v

| File [Edit | Tools Plot Study

Event fields

Event values

About this datazet
Channel locations
Select data

Select data using events

EXGEH EXGE EXGT EXG

Scroll dataset




Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

|
Import event markers

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

Remove line noise
(if necessary)

~/

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/
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Load an existing dataset

Compumlonal
Neuroscience

B EEGLAB V110520 T ——
— —

File] Edit Tools Plot Study Datasets Helg

| it dat , - Load dataset[s - pnp Iuadsetl:]
mport data

o

- 41- Search

Import epoch info k

- (|5 EEGLAEwurkshup 3 Data
@ Iﬁ m -

Import event info

‘ Organize B New Folder

i Export

R T Mame Date modified Type
Load existing dataset I datase | ravorite Links P i
-~ |_|faces_3.set 1171172013 4:21 PM SET File
Save current dataset(s) h info" (data [T Cecuments 2zes] 11/11/2013 421 PM  SET File
. o | 2= ) ' _
Save current dataset as info" (contin| |~ fecent Places SimpleOddball.set 11/13/2013 715 AM  SET File
Clear dataset(s) 0" (add/edit d | BE Desktep | | Simprecddiratieont_r...  11/14/2013 9:57 PM  SET File
Create study y set” (save datg | 1™ Computer || stern_125Hz.set 11/11/2013 417 PM  SET File
= Selectdata’l | (7 Recently Changed
Load existing study ey [% Recently Change |
E Pictures
Save current study = Extract ep E‘
Music
Save current study as  "Tools = Ren
Clear study 3 = Run ICA” E searches
. Public
Memory and other opticns

History scripts

Quit

—

Folders L |

T

File name: |

v | FSET" =set)

)

Cpen

| | cancsl

] i

L

25
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e
N
. =

Filter the data (if necessary/desired)

B EEGLAB vid.x (dev) —

File Edit
—#2: 8

Filer
Chanr
Frame
Epock
Ewvent
Samp]
Epock
Epock
Referx
Chanr
ICA w
Datas

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continucus data by eye
Extract epochs

Remove baseline

Fun ICA

Remove components
Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection
Reject data epochs

Reject data using ICA

Locate dipoles using DIPFIT 2.x

O

Tocls | Plot  Study  Datasets  Help

>

>

Lower cut off frequencies require longer stretches of continuous data

Cente o

Computational

Neuroscience

x u Filter the data -- pop_eegfiltll i

Basic FIR filter
Windowed sin
Parks-McClell
Moving averaq

Basic FIE. filter|

[

Lower edge of the frequency pass band (Hz)
Higher edge of the frequency pass band (Hz)
FIR Filter order (default is automatic)

[ | Motch filter the data instead of pass band

[ Use (sharper) FFT linear filter instead of FIR filtering

(Use the option above if you do not have the Signal Pra

| | Use causal filter (useful when performing causal anzs

|| Plot the filter frequency response

0.5

High-pass

needed

| Use firl (check, recommended) or firls {uncheck, le for |CA
| Help Cancel | Ok
Dataszet info -- pop_newset() = | S .
) pop
What do you want to do with the new dataset?
Mame it: SimpleOddball hipass0.5 Edit description |
] Save it as file: e — |

Owerwrite it in

Help

memaory (set=yes; unset=create a new dataset)

Cancel !

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

Ok

26



Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

|
Import event markers

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

Remove line noise
(if necessary)

~/

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/
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Edit Tools Plot Datasets Help
Import data
Import epoch info
e Import event info
| ] Ma U\ | ‘\I W\ "
'l“"w. qu“u_"\ﬂ"u NN‘ \'\m A ,‘m"ﬁ r"""\f‘ WO IIH"‘ Wl Aot W Export
v [

A
Ny U/

\
| ‘ - \ SWJ'[Z
il

WA !

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

Center for
Compumticna\
Neuroscience

Create study

Load existing study
Save current study
Save current study as
Clear study

Memory and other options

History scripts
Manage plugins

]

2 s aa




Remove line noise (Cleanline)

;‘/.
Swartz
Center for
Compulalionai
Neuroscience

. Cleinljne Options
Change sampling rate
Filter the data
Re-reference
Interpolate electrodes 0.01
Reject continuous data by eye

Extract epochs Channels
Remove baseline '1 'E’E"

Run ICA

Remove components

Automatic channel rejection

Automatic epoch rejection
Reject data epochs
Reject data using ICA

Locate dipeles using DIPFIT 2. uncheck
Peak detection using EEG toolbox

FIMRIE Tools

Locate dipoles using LORETA

S
X

CleanLine

29



Plot channel spectra

b A M , i N A" I'," 1, S WV .
LY A . Swartz
! Center for
Campulalional
Neuroscience

FGLAR v11.0.5.4k

e—n e

| File Edit Tools Plot| Study Datasets Help

Channel locations

Channel data (scroll)
Channel spectra and maps

liﬂnlngmmt Emperhes =

Channel properties

Channel ERP image
Channel ERPs r

trearangel 21 )
_Cancel | Ok |

ERP map series r

Sum/Compare ERPs

Compeonent activations (scroll)

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

Component ERPs r

Sum/Compare comp. ERPs

Data statistics ’

Tirmne-frequency transforms r
Cluster dataset ICs

30



0.5 Hz high-pass filter

Filter comparisons

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

m
Swartz 517

Cente
Computaﬂonal
Neuroscience

0.5 Hz high-pass filter

Cleanline

n pop_prop() - Channel 31 properties E@Q ipop_prop() - Channel 31 properties = = é] n pop_prop() - Channel 31 P“_jpe"t'-ES EIEI#J
File Edit View Inset Tools Desktop Window Help L File Edit View Inset Tools Desktop Window Help ~ Eile Edit View Inset Tools Desktop Window Help &l
ODdHe | F|ARAROVEL- 2| 0EH| O e | |RROTPDEAL- |2/ 0EH| D Ddde |k RKOUIEL- 2| 0EH O
Channel 31 Continous data Channel 31 Continous data Channel 31 Continous data
I . 39.4 i : 37.8 e 38.6
197 3 18.9 : i3S
_TE 0 - e = £ e P == |
= = = =
197 2 o -18.9 e e -19.3
~ = - T P i M = 386
4 100 200 300 400 8 100 200 300 400
Frames Frames Frames
~ Activity power spectrum = Activity power spectrum = Activity power spectrum
N“I" N“I“ 20 L (\‘F"
E 10 > ob é 10
(=] = =)
=] o)= o =) O-
o
= S 20+ =
© =} [=]
v 10 T L T 10
5 = -40 =
% I I 1 1 g I I L I % L 1 I !
L 20 40 60 80 o 20 40 60 80 bt 20 40 60 80
Frequency (Hz) Frequency (Hz) Frequency (Hz)
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EEGLAB v11.0.5.4b

T —

Scroll channel data

Computation
Neuroscience

File Edit Tu:n:ulslPIot Study  Datase

_ #3:Simf

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

Channel locationsg

Channel data (scr
Channel spectra 3
Channel propertis
Channel ERP ima
Channel ERPs
ERP map series
Sum/Compare ER
Component activ
Component spec
Component map
Compeonent prop
Component ERP i

U oo

-+ F

m

A5 EEE LG ERECEREEEL R LR Hn%’nnrfuusnuu;sunmr

- T O BEATE

D'ata statistics
Timne-frequency t

Cluster dataset IC

Scroll channel activities - eegplot()

Figure

Display  Settings

1

Help

CJ'—\NCEL| Event types|

e 2| g

91 92

1>

Chan.
Fpl

Time
93.5349

Value
-1.2558

45

REJECT

Morm

=
-l
Stack
_Norm |

Scale
45

32




Scroll channel data

I al
Neuroscience

Secroll channel activities -- eegplot()

==~

Figure

channels,
time,
events

sec/epoch

i

oty

RN RS LN FEN EEEEN LYY S LA A RN

Display

Settings| Help

Event markers

Chan.
Fp1

Value
-1.2558

Time

>| > 93 5349

45

REJECT

-
Stack
_Norm |

Morm

Scale

45

Scroll
buttons

scaling
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Pre-processing pipeline

Collect high-density | Import event markers |

Import into EEGLAB
EEG data (>30 chan) —/ port! ﬁ/ and channel locations —l/

| ‘ <~

\I
Re-reference/ ‘ ! . .
Remove line noise

down-sample
P — / — (if necessary) ‘l/
{ STOP! )

(if necessary)
- —‘ | Save your dataset ‘ <
\| here; you will import
ICA weights to this
dataset later

> Identify/reject | W Run ICA

bad channels —/ time points ﬁ/ (next talk)

High pass filter
(~.5-1Hz)

34



| Visualizing ERPs
»

« Epoch data according to different event types
* Reject epochs containing artifact

« Various plot types (channel and scalp topography)

35



Extract epochs

' ! hn g /4
M o AN M WA J N AN, 1l AV .
| L | A . Swartz
| Center for

FGLAB v11.0.5.4k

| File Edit [Tools | Plot Study Datasets Help
Change sampling rate

Filter the data *
Re-reference
Interpolate electrodes

Reject continuous data by eye

I Extract epochs I

Remove baseline

>> eeqg_eventtypes(EEG)
1 140
2 60
60

Run ICA

Remove compenents

Automatic channel rejection
Automatic epoch rejection

Reject data epochs r
Reject data using ICA *

. Extract data epochs - pop_epoch()

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

FMRIE Tools r
Locate dipoles using LORETA *

CleanLine

Campulalionai
Neuroscience




Extract epochs

|

| | . o \ R A -
f | noa o\ A W i) p : 1

i A : WIN y A Mg no o Y O ¥ LT A W LN AN AW o ‘ /.

o n AW AR LA VL LM L P " WA o W A ) g LN Wl Y W A
1N A Pal WV | LAYl A vy J v ¥ WY | ) v
RTSUa L, V ! A | \ WY I Y | I\ WM
\ \f v v \ Vv \ \ v vy v . Swartz
i U Center for

Compulalionai
Neuroscience

= -

SimpleOddball nontargets Edit description
Browse

noch baseline re al -- pop rmbase()

1 —1 |

0.5.4k (E=EECEl X |

File Edit Tools Plot Study Datasets Help ~
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T
| .

EGLAE 0.5.4b ]l |
|| Fie [Eit ] Tools plot Sty Datesets Help *| ‘0’ because the subject
Dataset info did not miss any targets
Event fields

Event values
About this dataset
Channel locations
Select data
Select data using events

I Select epochs or events I
Copy current dataset
Append datasets
Delety

—
Visua| ———

ents -- pop_selectevent(]

Mo description
Mo description
Mo description

Select a subset of epochs

Il Swartz
Center for
Compulalionai

euroscience

E E =

E
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'Do not overwrite

current dataset'

EGLAR v11.0.5.4k

]

r - e __

SimpleOddball target epochs

CAUJsers\marissa\Desktop\EEGLABwork

Edit description
Browse

Browse

[ e

Save dataset ptional)

=] :
=g X T

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

Memery and other options

Favorite Links

- 'u MNew Folder

>

Marme

Documents

‘E Recent Places
Bl Deskiop

18 Computer

% Recently Changed
Pictures

n’ Music

E Searches

J\ Public

Folders ~

D faces 3.set

D faces 4.set

|| simple0ddball.set
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Scroll (epoched) channel data

-~ Camputatin
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EEGLAB v11.0.5.4b
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Reject epochs with artifact

<} Scroll channel activities — eegplot()

Figure Display Settings Help ]
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Reject data epochs

4 ‘ {
Center

COmputaﬂonal
Neuroscience

File  Edit Flot Datasets  Help o
Change sampling rate

—#1: 1 _ s ——
Filter the data b

g Fe-reference
Filanz T

Chan Feject continuous data by eye

Fram: Extract epochs
Epoch
Ewvant
Sarmnp Fun [CA

Femove baseline

Epoch Femowe camponents

iﬁj:; Autaomatic epoch rejection

Chan Reject data epochs Reject data (all methocls)

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

Datas Locate dipoles using BESA » Feject extreme wvalues
Locate dipales using DIPFIT 2% # Feject by linear trend Mvariance
Laplacian 3 Feject by probability
FMREIE Tools b Feject by kurtosis
Crand average datasets b Feject by spectra
Locate dipoles using LORET A 3 Export marks to |CA reject
FCA plugin b Feject marked epochs
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Reject data epochs

/e

Swartz
Center for
Compulalionat
Neuroscience

Reject trials using data statistics - pop_rejmenu()

Scroll Data |

visual

Inspection

Calc § Plot

1:31

Calculate Scroll Data

S Cuenymthed s probability

Calculate . Scroll Data |

W Abnormal appearance W Abnormal values W Aknormal trends
M Improbable epochs W Abnormal distributions W Aknormal spectra

Clear all marks Reject marked trials
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Reject data epochs
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Reject data epochs
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Neuroscience

Edit Plot Datasets  Help u
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—#1: _ $—
Filter the data ]
: Fe-reference
Filenz
“han Feject continuous data by eye
Fram: Extract epochs
Bpwr Femowve baseline
Event
Sarmp Fun 1Ca
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Chan Feject data epochs Feject data {all methods)
A w Feject cata using [Ca ] Feject by inspection
Datas Locate dipales using BESA k Feject extreme walues
Locate dipoles using DIFFIT 2% » Feject by linear trend Mvariance

Laplacian 3 Feject by probability
FMEIE Tools b Feject by kurtosis

Crand average datasets r Feject by spectra

Locate dipoles using LORET A ] Export marks to ICA reject
FLA plugin b Reject marked epochs




Visualize ERP in rectangular array

—
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Visualize ERP in topographic array

. / ) \\
- v { o y
+ " nte: =

1 Computational
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EEGLAB v11.0.5.4b =RICIL X
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Other plot options (see help) ydir', 1 201

Help Cancel | Ok

47



Visualize ERP scalp distribution

. B £RP data and scalp maps -- pop_timtopo() =HACE X
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Visualize channel ERPs in 2D

F — e
. u Plot ERP scalp maps in 2-D -- pop_topoplot() - E@lﬁ .
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Visualize channel ERPs in 3D

- Figure 2

File Edit View Inset Tools Desktop Window Help o
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4

Exercises (continuous data)

* 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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EEGLAB Processing

Data cleaning for ICA
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Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

|
Import event markers

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

Remove line noise
(if necessary)

~/

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/
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Retrieve or reload continuous EEG dataset

: )
s
N
. =

B EEGLAE v11.0.5.4b

File Edit Tools Plot Study |Datasets | Help w|

__ #3: SimpleOddbal

Filename: none
Channels per frame
Frames per epoch
Epochs

Events

Sampling rate (Hz)
Epoch start (sec)
Epoch end (sec)
Reference
Channel locations
ICA weights
Dataset size (Mb)

Dataset L:5impleCddball hipass0.5 CL
Dataset 2:5impleQddball nontargets re
v Dataset 3:SimpleOddball targets rej

Select multiple datasets

282
60

120 I
256
-0.102

0.996
unknown
Yes
No
4.6

| :
B EEGLAB v11.0.5.4b | |

f/ g \\
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Computational
Neuroscienc

File

Edit Tools Plot

Imnport 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

Memory and other opticns
History scnpts

Cuit

Study

Datasets Help

rat

|

k

" oad an existing
v 1t data” (new)
=xisting dataset” (old)

ich info" (data

nt info" {continuous

fo" (add/edit dataset
y set” (save dataset)

= Select data”

Is = Reject

Is = Extract epochs”

- "Tools = Remove

5 = Run ICA"
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Comments and dataset history

B EEGLAB v11.0.5.4b

E@lﬁ Bl Read/Enter comments - pop_comments()

Cen,le‘. fabal

Comput:ﬂonal
Neuroscience

\!

File | Edit | Teocls Plot Study  Datasets Help

Dataset info

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
Lidldsel SIEe (Vi) P

|

About this dataset

L;‘ I ]

Also:
>> EEG.comments

or
>> EEG.history

Data recorded by Marissa Westerfield
Recording date: Cct. 14, 2011

Paradigm:

-Participant looked at fixation box in center of
sCcreen

-Two types of stimuli (outline of a circle, outline
of a star) were presented in the fixation box in
random order

-Participant pressed a button in response to the star

Stimulus codes:

1 = gcirecle

2 = =star

3 = button press

Recording information:

-reference electrodes were placed on right and left
mastoids (data has already been referenced and the

mastold channels have been removed)

Processing steps:
high-pass filter - 0.5 Hz
Cleanline applied to 60, 120 Hz

CANCEL SAVE
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Manually identifying bad channels
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D ;
Figure Display Settings Help LY

1) ldentify bad channel
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CANCEL Event types ‘
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Manually identifying bad channels

_ r
el ] | ] Cupyer-

u Channel spectra and maps -- pop_spectopo() =

' Computational
Y Neuroscience
Epoch time range to analyze [min_ms max_ms]: 0 333996.0938
Percent data to sample (1 to 100): 100
Frequencies to plot as scalp maps (Hz): 610 22 60
Plotting frequency range [lo_Hz hi_Hz]: 280

Spectral and scalp map options (see topoplot): : X
uEEGL.&.BurILD.SAb—E": p p map aptions ( poplot) electrodes’, off
File Edit Teools |Plut Study  Datasets Help H
- elp Cancel Ok |

_#3: SimF Channel locations H
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Filename: n Channel spectra and maps File Edit View Inset Tools Desktop Window Help >
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Frames per Channel ERP image i
Epochs Channel ERPs g 22.0
E‘u’EﬂtS. ERP map series » "
Ezglwr;fa:f Sum/Compare ERPs
EpDCh end | Component activations (scroll) =
Reference Component spectra and maps
Channel loc Component maps b
ICA weights Component properties .
Dataset siz¢ Component ERP image :
Component ERPs 3 "
Surmn/Compare comp. ERPs —
Data statistics 4
Tirne-frequency transforms L
Cluster dataset ICs

o/
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Manually identifying bad channels

u Component properties - pop_prop{)

] {5

B EEGLAB v11.0.5.4b
File Edit Tools [Plot| Study Datasets Help ~ ST LELEE DL 3,31
Spectral options (see spectopo() help): freqgrange’, [2 50]
#3- SimF Channel locations 3 | :
Channel data (scroll)
Hel Cancel Ok
Filename: n Channel spectra and maps $ | |
Channels p Channel properties L =
Eramss o= Chay )| PDP_P.ropQ - Channel 3 properties | (=) [l | | [l pop_prop( - Channel 31 properties = X
EpDCt 3 Chan File Edit View Inset Tools Desktop Window Help - Eile Edit View Insert Tools Desktop Window Help L
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Sar‘r‘lphﬂg ra 5 anne Continous data 1722 ontinous data 56
um : : 1
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Auto-detection of noisy channels

File Edit @ELIEN Plot Study Datasets Help

Change sampling rate
Filter the data
Re-reference
Interpolate electrodes

Reject continuous data by eye

Extract epochs

Remowe baseline

RunICA

Remowe components

Automatic epoch rejection

Reject data epochs

Reject data using ICA

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

FMRIE Tools

Locate dipoles using LORETA b

/4
/

Swartz 117

Center for
Campulalional
Neuroscience
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Auto-detected noisy channel

e Computation
Neuroscience

"z
B Scrl companet activtie - cegriort N T =
|

Figure Display Settings Help
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Removing channel(s)

7
/

| \ LN Wb A
) - v VL

vy . Swartz
Center for
Compulalionai
Neuroscience

Event fields

Event values .
About this dataset ||
Channel locations
Select data
Select data using &
Select epochs or e

If not checked, will result

in dataset with one channel
.

Copy current datas
Append datasets
Delete datasetis)

F&

Scroll dataset

- -
Dataset info -- pop_newset()

(= [ E ]|

Visually edit events

Cancel

SimpleOddball hipass0.5 CL - F6 Edit description
Browse
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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

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

Remove line noise
(if necessary)

~/

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/
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Equivalent

File Edit Tools Study  Datasets Help

Channel locations
Channel data (scrall)

Channel spectra and maps

Channel properties
Channel ERP image
Channel ERPs

ERP map series

Sum/Compare ERPs

Component activations (scroll)

Component spectra and maps

Component maps L

Component properties

Component ERP image
Component ERPs L

Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms

Cluster datasetICs

Reject continuous data

Lo AN,

Plot Study Datasets Help

Change sampling rate
Filter the data
Re-reference
Interpolate electrodes
us data by eye
Extract epochs

Remowe baseline

Run ICA

Remowe components

Automatic channel rejection

Automatic epoch rejection

Reject data epochs

Reject data using ICA

Locate dipoles using DIPFIT 2.x
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Swartz
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Neuroscience




Reject continuous data

Center for-
Comput:ﬂonal
Neuroscience
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Figure Display Settings Help &

Click and drag with mouse
over noisy data to reject
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To prepare data for |

CA:

+ Seroll channel activities - eegplob()

Figre Diply Satting: Halp

Rejecting data for ICA

Compumlonal
Neuroscience

otherwise strange events...

Reject large muscle or
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Fast (but sloppy) artifact rejection

Scroll channel activities — eegplot()

Figure Display [Settingsl Help

Tirne range to display

Spread
Mumber of channels to display .
. i = IE||-EE-
Channel labels »| | Il Change windo.. Denorm
Zoom off/on F M :
MNew window length (s):
Events r
30
Help| Cann:el| Ok |
Scale
1
1 1 1 1 :I:'"
1 2 3 4 5
Chan. Time  Value =l
Eventtypes| ==l o | == 3 0082 = REJECT
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Fast (but sometimes sloppy) artifact rejection

Computational
Neuroscience

Scroll channel activities - eegplot()

Figure Display Settings Help

Chan. Time  Value =
| =] 30 | =] == 42 2626 1] REJECT
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Collect high-density
EEG data (>30 chan)

Pre-processing

/ Import into EEGLAB

pipeline

|
Import event markers

ﬁ/ and channel locations

|
N
L Re-reference/

down-sample
(if necessary)

High pass filter
(~.5-1Hz)

—/

Remove line noise
(if necessary)

~/

N

Identify/reject
bad channels

>

Reject large artifact
time points

~

Run ICA
(next talk)

—/
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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

* ldentify 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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