EEGLAB Processing

Data import/Preprocessing
Basic ERP visualization




o Start Matlab

Installing EEGLAB and data folder

« Add the EEGLAB folder to your Matlab path:
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The EEGLAB Matlab software
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Mame '@ Mew to MATLAB? Watch this Videe, see Examples, or read Getting Start)
1] pathdef.m fro>> eeglab| File Edit Tools Plot Study Datasets Help u

___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"
- Remove baseline: "Tools = Remove
-Run ICA:  "Tools = Run ICA"

Details

|
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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



Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

|

Import into EEGLAB

Import event markers
and channel locations

'/ | \¢ <
\ _> goe\;\iifeé;?;?e/ F\\ High pass filter Examine raw data F\\ |
N L= _ _ A"
(if necessary) _1/ (~5-1Hz2) /

PR o

\\ | <

> Identify/reject r\\ Reject large artifact

N bad channels Run ICA

time points




Importing a dataset

TN
k. B EEGLAB v11.0.5.4b ’ ﬁvﬁx
\ 4-"6‘ Center for- =
\ / File ] Edit Tools Plot Study Datasets Help & Computational
‘?' Neurosclen(e
Import data ' Using EEGLAE functions and plugins ¥ From ASCI/float file or Matlab array
Import epoch info I Using the FILE-IO interface From Metstation .mif (FILE-IO toolbox)
Import event info y Using the BIOSIG interface Fromn Metstation binary simple file
Export y Troubleshooting data formats... From Multiple seg. Metstation files
L] =
Load existing dataset ! From Metstation Matlab files
Save current dataset(s) ich info" (data From BCI2000 ASCI file
Save current dataset as info" (continuous From Snapmaster .SMA file
Clear dataset(s) 0" (add/edit dataset From Neuroscan .CNT file
set" (save dataset
Create study i’ ( " ) From Meuroscan .EEG file
— = Select data
Load existing study |§} Reject From Bicserni BOF file (BIOSIG toolbox)
| Save current study = Extract epochs” From Biosemi BDF and EDF files (BDF plugin)
Save current study as + "Tools = Remove From EDF/EDF+/GDF files (BIOSIG toolbox)
tudy ; = Run ICA”
Clear study i | From ANT EEProbe .CNT file
| Memory and other options From AMT EEProbe AVR file
History scripts g From BCI2000 .DAT file
Quit From BIOPAC MATLAB files
From Brain Vis. Rec. whdr file
From Brain Vis. Anal. Matlab file
Tip for Biosemi users: From CTF folder (MEG)
. . From ERPSS .RAW or .RDF file
Use the ‘BDF plugin’ version
Frorn IMStep (ASC file
of the Biosemi BDF/EDF importer From 4D .méd pdf file
From Procom Infinity Text File




Imported EEG data

File Edit Tools Plot Study Datasets Help ~

N Siwartz

Center for
Computational
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Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

|

Import into EEGLAB

Import event markers
and channel locations

—IN <
Re-reference/ N iah filter _ _ N
—> down-sample AN High pass filter Remove line noise \ ———
N | ~5_ : "
(if necessary) _1/ (~5-1Hz) (if necessary) /
P o
N <
> Identify/reject r\\ Reject large artifact
N— bad channels Run ICA

time points




Import data events

. At A ’ ] Y SRR R el Y r s, J }_-. :l_:.. y sl _)_._'.J‘:.,‘-'._\.' o/ . -.“.., / \I -:I“II‘,: " -.I",-‘ ‘ Yl ."r-... :__..“; : ‘ll;‘ , _'-‘..."..I.:"__\__; ‘ Swwmz
. W I Center for
(Often imported automatically during data import) ik oA
EEGLAB v1L.0. )
||i Edit Tools Plot Study Datasets Help v ||

Import data 4
Import epoch info

| Import event info From Matlab array or ASCI file
From data channel
From Presentation .LOG file

From E-Prime ASCI (text) file

Export

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

Create study 4

From Meuroscan .ev2 file

F“_""]r'_l i
Extract event from channel(s) - pop_chanevent() W i SR O™

Load existing study

Sawve current study

Save current study as

|| Clear study

u Memory and cther options

History scripts r
Quit




Appearance of an event channel in raw data

Scroll activity — eegplot()

Figure Display Seftings Help

4 3 ]

CLOSE| [Eventtypes| <<| <| mE §F |
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Scale
50
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If event import was
successful,

you will see an
appropriate

number here
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Import channel locations

Opt. head center
Fotate axis

-17.926
0.51499
80.784
26.133
-4.0011
17.926

\ -2 698 /

Transform axes

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

o
7 file formats supported =
(Polhemus, BESA, ...) o ||

Standard locations offered

. . use BESA file for 4-shell dipfit spherical model —
if you do not have locations use MNI coordinate fle for BEM dipfit mode| |
Use spherical file with eye channels m “

and labels are standard

12



Import channel locations

LEYE
-45.1543
0.54374
I 0.79487
0.79917
-0.15585
451543

Opt. head center

Rotate axis

Transform axes

—ypl=!]
____Opt._head center_|
____Rotateaxis__|
___ Transform axes\

& sph. i
Sph. -= polar & xyz

Kyz -+ polar

Folar-= sph. & xyz
0]

X [rotate X-Z plane)

I Swartz
Center for
Computational
Neuroscience

Browse
ok |

Ok
X )

-7 8725
1.1379
EEG

Set head

Set channel types

radius

\|

Set reference

"ot || << | < || 1 ||_> | > | Aspendchan |

| Nose along X~ Plat 3-D (xyz)

Read locs help Look up locs Save (as .ced) Save (other types)

Help




S T e R X

HEOG Opt. head center

42 Rotate axis N )
0.65556 Transform axes '.;"‘L‘ S .-l;" Y o S.as
557734 B e
50.2186 Xyz > polar & sph. e
-39.9051 Sph. -= polar & xyz

42 Polar -» sph. & xyz

-28

a5 Set head radius

Set channel types

Set reference
W
|| Delete chan
Insert chan < <« 68 = o3 Append chan
———————' Plot 2-0 Nose along +X - Plot 3-D (xyz) ——-___-—
_——_——_ ----—~—
N - s help Save (as ced)| i Figure3 -
File Edit View Insert Tools Desktop Window Help ¥ Eile Edit View Insert Tools Desktop Window Help
NEde K RIODEL-|2|0E | 8D = EEE RIS PRI EIEY:

Channel locations

+X
_
+Y

80~

60—

40

20~

20+

-40

66 of 72 electrode locations shown




Imported channel locations

LN B

File Edit Tools Plot Study Datasets Help w

15



Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

|

Import into EEGLAB

Import event markers
and channel locations

—IN | <
Re-reference/ N iah filter _ _ N
—> down-sample AN High pass filter Remove line noise \ ———
N | ~5_ : "
(if necessary) _1/ (~5-1Hz) (if necessary) /
I o
> Identify/reject r\\ Reject large artifact
N— bad channels Run ICA

time points
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Re-reference data (if necessary/desired)

/4
/

SOy o LT [T )
I N R AL Hpe i 1y o
S i 2t I Swartz
Center for
Compu(ational
Neuroscience

[ EEGLAB V1022

Plot Study Datasets

For example,

Help

Change sampling rate
Filter the data

average reference

Re-reference

Interpolate electrode

Reject continuous ¢

Extract epochs
Remowe baseline
Run ICA

Remove compone

[ s B N e p R F N [ —

Automatic channel

Automatic epoch

I P
LEYE REYE [ ]
\.. |

Cancel || Ok |

Reject data epochs

Reject data wusing I
MNFT plugin
SIFT

Locate dipoles usink

Peak detection using EEG toolbox
FMPRIE Tools
Locate dipoles using LORETA
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Re-reference data (if necessary/desired)

File Edit

#1

File
Chz
Fral
Epc
Eve
=ar
Epc
Epc
Ref
Zhz
[CZA
Dat

Plot

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Datasets Help

uous

OR, re-reference to

b (i.e.) 'linked mastoids'

W set

Reject continuou

Extract epochs

Remowe baseline
Run ICA

Remove compaon

Automatic chann

Reject data using
MNFT plugin
SIFT

Locate dipoles us

Peak detection us~—

u pop_reref - average reference or re-reference data

=@ &

|"'\|

Current data reference state is: unknown

["] Compute average reference

|/| Re-reference data to channel(s):

[ | Retain old reference channels in data
Exclude channel indices (EMG, EQG)
Add current reference channel hack to the data

Help

RMAS LMAS

Cancel

|

Computaﬂonal
Neuroscience

{use shift|ctrl to
select several)

I

FMRIE Tools

Locate dipoles using LORETA k

47 - FCz -
48 - Cz

49 - C2

50 - C4

51 - Cb

K2 - T8

53 - TP8

b4 - CP6

b8 - CP4

56 - CP2

57 - P2

b - P4

59 - P6

60 - P8

61 - P10

62 - PO8g

B3 - PO4 —
64 - O2

65 - RMAS

66 - LMAS

67 - VEOG |=
68 - HEOG

69 - EXG5

70 - EXGE

M - BEXG7 [
72 - EXG8 -

Cancel Ok




Choice of reference

True average
reference requires
even electrode
distribution over
the head

Typical montages
have fewer (if any)
on the lower half of
the head surface

Rationale for average reference: outward positive and
negative currents, summed across an entire (electrically
isolated) sphere, will sum to O (by Ohm's law) 0



Save new dataset, keep old one

N Siwartz

Center for
Compu(ational
Neuroscience

SimpleOddball continuous reref Edit description

Browse

C\Users\marissa\Desktop\EEGLABwork m

__—] e

R = =2

Savein: | || MATLAB

| Mame | Date modified Type
Places j en‘ten?al 11,/10/2009 5:54 Ak F!Ie folder
j functions 11/10,/2009 5:50 AM  File folder
| plugins 11/10/2009 5:52 AM  File folder
| sample_data 11/10/2009 5:52 AM  File folder

.ﬂ sample_locs 11/10/2009 5:52 AM  File folder

20



Multiple active datasets (ALLEEG)

nt

Computational
Neuroscience

e m
EEGLAB v11.0.5.4b |

R ;
EEGLAB v11.0.5.4b -:--EI-&W

File Fdit Tools Plot Study | Datasets | Help o

__#2: 5impleOddbal

Dataset 1:5impleOddball continue
v Dataset 2:SimpleOddball continuo

Filename: none

File FEdit Tools Plot Study Datasets Help ]
__#1: 35impleOddball continuous
Filename: ...impleCddball_cont_reref set
Channels per frame 72
Frames per epoch 85504
Epochs 1
Events 260
Sampling rate (Hz) 256
Epoch start (sec) 0.000
Epoch end (sec) 433,990
Reference unknown
Channel locations Yasz
ICA weights Mo
Dataset size (Mb) 2545

Channels per frame

Select multiple datasets

Frames per epoch 85504
Epochs 1

Events 260
Sampling rate (Hz) 256

Epoch start (sec) 0.000
Epoch end (sec) 543.996
Reference RMAS LMAS
Channel locations Yes

ICA weights Mo

Dataset size (Mb) 248

21



Resample data (if necessary)

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continucus data by eye

Extract epochs
Remove baseline

Run ICA

Remove components

Automatic channel rejection

Automatic epoch rejection
Reject data epochs
Reject data using ICA

Locate dipeles using DIPFIT 2.x

Doy

P e T

I Svartz

Center for
Compu(ational
Neuroscience
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Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

|

Import into EEGLAB

Import event markers
and channel locations

—IN | <
Re-reference/ N iah filter _ _ N
—> down-sample AN High pass filter Remove line noise \ ———
N | ~5_ : "
(if necessary) _1/ (~5-1Hz) (if necessary) /
I o
> Identify/reject r\\ Reject large artifact
N— bad channels Run ICA

time points

23



Filter the data (if necessary/desired)

nte

Che

putational
Neuroscience

D - - i
Lower cut off frequencies require longer stretches of continuous data
e — r -
Bl £EGLAB v11.054b =k Sl | B Filter the data - pop_eegfilt) i = | B [t
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 ERPLAB Polynomig _ _ _ -
_ _ || Use (sharper) FFT linear filter instead of FIR filtering H |g h—paSS
Fram Reject continuous data by eye Shaort non-linear IR : : :
(Use the option above if you do not have the Signal Pra
Epoc Extract epochs | _
Even . " | Use causal filter (useful when performing causal an: Needed
Remowve baseline
Sam Run ICA || Plot the filter frequency response
un
Epoc 1 Use firl (check, recommended) or firls (uncheck, le for ICA
Epoc Remove components
Refe Automatic channel rejection
| Hel Cancel Ol
Char Autornatic epoch rejection $ |
ICAV Reject data epochs k n Dataset info -- pop_newset() |E|EI&J
Data Reject data using ICA *
Locate dipoles using DIPFIT 2. ] What do you want to do with the new dataset?
o

Peak detection using EEG toolbox

FMRIE Tools
Locate dipoles using LORETA

Cleanline

k

Name it: SimpleOddball hipass0.5 Edit description |

] Save it as file:

Browse

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

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

Help Cancel _

Ok

24



Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

|

Import into EEGLAB

Import event markers
and channel locations

—IN | <
Re-reference/ N iah filter _ _ N
—> down-sample AN High pass filter Remove line noise \ ———
N | ~5_ : "
(if necessary) _1/ (~5-1Hz) (if necessary) /
I o
> Identify/reject r\\ Reject large artifact
N— bad channels Run ICA

time points

25



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
Save current study
Save current study as
Clear study

Memory and other options

History scripts
Manage plugins

Help

Swartz
Center for
Compumlional
euroscience
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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 *
Re-reference it
Interpolate electrodes
Reject continucus data by eye
Extract epochs
Remove baseline
Run ICA
Remove components
Automatic channel rejection
Autornatic epoch rejection
Reject data epochs 3
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

nter for-
Computational
Neuroscience

B CleanLine Options — = | E |k
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 "1-68
Sliding window length (sec) 4
Sliding window step size (sec) 2
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 uncheck ] (set)
Help Cancel | Ok

27



Plot channel spectra

/4
/

I Swartz
Center for
Compu(ational
Neuroscience

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 ) )
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

Tirne-frequency transforms r
Cluster dataset ICs

28



0.5 Hz high-pass filter

Filter comparisons

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

Neuroscience

0.5 Hz high-pass filter

Cleanline: 60 Hz

n pop_prop() - Channel 31 properties

= [ B [

=nRcy X

File Edit View Insert Tools Desktop Window Help

UEdde | | AKRNOTDRLA-2|0E | ol
Channel 31 Continous data
T 100 [k S
=
100 200 300 400
Frames

Activity power spectrum

—
o

L
[=]
T

Power 10%log, (V*/Hz)
o
T

20 40 60 80
Frequency (Hz)

A

ﬁpop_propo - Channel 31 properties
File Edit View Insert Tools Desktop Window Help
DEd2 || ARODEL- S| 0H =D
Channel 31 Continous data
= =
100 200 -_3[][] 400
Frames
< Activity power spectrum
I 20r
S
= 0f
(=]
=}
S -20¢
o
_ 40t
g L L L L
[ 20 40 60 80
Frequency (Hz)

378

18.9

-18.9

-37.8

Ll

u pop_prop() - Channel 31 properties
e

| [ e |

File Edit View Inset Tools Desktop Window Help
e | RAKANIEL- S| 0EH | O
Channel 31

Continous data

Trials

-19.3

-38.6

100 200 300 400
Frames

Activity power spectrum

—
o

L
[ =]
T

Power 10%log, (uV/*/Hz)
o
T

20 40 60 80

Frequency (Hz)

38.6

19.3
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Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

|

Import into EEGLAB

Import event markers
and channel locations

—IN | <
Re-reference/ N iah filter _ _ N
—> down-sample AN High pass filter Remove line noise \ ———
N | ~5_ : "
(if necessary) _1/ (~5-1Hz) (if necessary) /
I o
> Identify/reject r\\ Reject large artifact
N— bad channels Run ICA

time points

30



Scroll channel data

e “ Czs;:putai'kmal
\Q‘_.‘I:; Neuroscience
B ceGLAR v11.0.5.4b o o ] | B £EGLAB v11.0.5.4b E=NEEEC)
File Edit Tools | Plet | Study  Datasets  Help ™ File Edit | Tools | Plot Study  Datasets Help =
#3: SimF Channel locations 3 i #1: Change sampling rate hz
Channel data (scroll) Filter the data ¢
Filename: n Channel spectra and maps Filen IR st
Channels p¢ Channel properties Char Interpolate electrodes
Frames per Channel ERP image | Fram Reject continuous data by eye
EDUChS Channel ERPs » EF}DC Extract epoc .
Event? ERP map seres , E;? emovebae AltErNate GUI option,
ampling ra f t
Sumy/Compare ERPs Run ICA same rtunction
Epoch start E Epoc
Epoch end | Component activations (scroll) Epoc Remove components
Reference Component spectra and maps : Refe Automatic channel rejection
Channel loc Component maps » Char Automatic epoch rejection
ICA weights Component properties ICA v Reject data epochs b
Dataset siz¢ Component ERP image Data Reject data using ICA L
Component ERPs * Locate dipeles using DIPFIT 2.x r
I —_—
Sum/Compare comp. ERPs .
Data statistics k n Warning = | B .
Time-frequency transforms ¢ Mark stretches of continuous data for rejection

by dragaing the left mouse button. Click on marked
stretches to unmatk. When done press "REJECT" to
excize marked stretches (MNate: Leaves rejection
boundatry markers in the event takle).

Cluster dataset ICs

Cancel | Continue |

LN T
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Scroll channel data

o [ 4]  Neuroscience
Scroll channel activities — eegplot() |E@i‘]

Figure Display | Settings] Help

Event markers Stack

= MNorm

1
1
1
1

channels,
time,
events

| &

sec/epoch

|
({
@
|
?l
!

e e o Y romer o - buttons

T WS e Sk
[N A A N i P T, e it . e i

Seee=u e ' . | scaling

%%%H%%M%
%sz

é
ﬁ
i
?
i

AEEELEFIENEN TSR L L EEERFEN EEERELC AL LEELE EARERED)

.
ﬁ
{5
|
t

T e dury . Mowlp i vk P e A s S I P o TR A i) intreee 3 WI\:—I’M SCE'E

45

Chan. Time Walue
<dl 90 Ji=1>>1 Fp1 935349 12658 |45

- REJECT
=l
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Manually identifying bad channels

e
S o

h

Figure Display Settings Help

ldentify bad channel

Scale
35
: . : Ay A A gy g Sl —
450 451 452 453 454
Chan. Time alue

Pr— +
e BT | =< | e 448 > => o1 451.0963 36619 33 = REJECT
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Manually identifying bad channels

B EEGLAE v11.0.5.4b =

u Channel spectra and maps - pop_spectopo() =NACH X

File Edit Tools M Study  Datasets  Help
_#3: SimF Channel locations r
Channel data (scroll)
Filename: n Channel spectra and maps
Channels pe Channel properties
Frames per Channel ERP image
Epochs Channel ERPs b
Events ERP map series k
Eg;ﬁ:”;?aﬁ Sum/Compare ERPs
Epoch end | Component activations (scroll)
Reference Component spectra and maps
Channel loc Component maps k
ICA weights Component properties
Dataset siz¢ Component ERP image

Component ERPs r

Sum/Compare comp. ERPs
Data statistics r

Tirne-frequency transforms r

Cluster dataset ICs

Epoch time range to analyze [min_ms max_ms]:

0 333996.0938

Percent data to sample (1 to 100): 100
Freguencies to plot as scalp maps (Hz): 610 22 B0
Plotting frequency range [lo_Hz hi_Hz]: 280

Spectral and scalp map options (see topoplot):

Help

‘alectrodes’off

Cancel Ok |

nter for
Computational

Neuroscience

u Figure 2: spectopol()

E] |-

Eile Edit View Insert Tools Desktop Window Help

Ogdde M AKOTDEL- 2|08 | =

R4




Manually identifying bad channels

vi«r‘, =4

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 Chﬂr'u PDP_p;’opO - Channel 3 properties = | ] [t u (el e =it = =
EpDChS Chan File Edit View Inset 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 \ . | N
Epoch end | Com 1861 19.3
': w w = e L
Reference o 2 100 0 B 100 e Sl | o
Channel loc Com = = : -
|ICA weights Cor -1861 = — | @193
Dataset size Con 4729 A W e 86
100 200 300 400 100 200 300 400
Com Frames Frames
Sum %‘ Activity power spectrum %‘ Activity power spectrum
N““ N“-.
. i =] [=] |
Tirne 81.]— 401+ 8";_ I
Clus g 300 = OF
g 20 C ] | | 1 ] g _'1 0 | | | 1 |
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Cancel | Valies | AccerT| HELP | oK | Cancel | Values | accer| HELP | oKk |




Auto-detection of noisy channels

Plot Study  Datasets Help

Change sampling rate
Filter the data
Re-reference
Interpolate electrodes

Reject continuous data by eye

Extract epochs

Remowe baseline

Run ICA

Remowe components

Automatic epoch rejection
Reject data epochs
Reject data using IC4

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

FMRIE Tools

Locate dipoles using LORETA r

Doy W | [ a0 . [ /.

I Swartz
Center for
Compu(ational
Neuroscience

R | !

Probability .
i
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Auto-detected noisy channel

Computational
Neuroscience

. Scroll camponent activities -- eegplot()

Figure Display Settings Help

Scale
R e S S o o ks AR A £ it A PR o b e e i B A A A P e AL eSS Tl e O
35
i i i o g
450 451 452 453 454
Chan. Tirme “Walue

2
CANCEL == < 443 > => P& 4521146 25647 35 = REJECT
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Removing channel(s) =

If not checked, will result I T
_v‘ e . . 4’6 - Fcz
| Fite ﬁ Tools Plot Study Datasets Help ~(| In dataset with one channel i; - Egz
Dataset info 49 - C2
Event fields g? : g
Event values £2 _ T8
About this dataset data -- = 3 - TPa
. 54 - CP&
Channel locations £E . CP4
Select data 56 - CP2
= [l 5T - P2
Select data
using F 58 - P4
Select epochs or £9 - PR
Copy current 60 - P8
> F6 v 61 - P10
Delete dataset(s) Scroll dataset 63 - PO4
Visually edit even T Doo 1 =
Cancel
SimpleOddball hipass0.56 CL - F6 Edit description
I [l Browse
r'l

Help Cancel Ok
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Collect high-density
EEG data (>30 chan)

Pre-processing pipeline

T

Swartz @ y

Center for
Computational

N
: . |Import event markers \
Import into EEGLAB p p

P —[/ and channel locations /

Re-reference/
down-sample

N
\\
N,

N
\\
\,

High pass filter Remove line noise

) ( _ y . o
(if necessy” % 1Hz) _l/ (if necessary) /
STOP!
| Save your dataset |
/ here; you will import / .
— N ICA weights to this \J ' <—/

—

.

dataset later

J

Identify/reject
bad channels

N
\~
\

~/

Reject large artifact ‘ N

time points ,_/ Run ICA

Plot data
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Extract epochs

VL e it 4 ey N
! Pl sl . [ [l Vol

] g
i P | \ 5yl LY - [T
A el B I A I S P I | o i .
IR T |

Swartz

Center for

FGLAB v11.0.5.4k

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

Filter the data »
Re-reference
Interpolate electrodes

Reject continuous data by eye

>> eeg_eventtypes (EEG)
1 140 star

2 60 circle

201 60 button press

Extract epochs
Remove baseline

Fun ICA

Remove components

Autornatic channel rejection
Automnatic epoch rejection

Reject data epochs 4
Reject data using ICA 4

. Extract data epochs - pop_spoch()

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

FMRIB Tools r
Locate dipoles using LORETA *

= s |

CleanLine

Compu(ational
Neuroscience
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I Swartz
Center for
Computational
Neuroscience

=

File Edit Tools Plot Study Datasets Help N
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{

W

BN CEGLAB v11.0.5.40 R s o |

u Dataset info -- pop_newset()

What do you want to do with the new dataset?
MName it:
] Save it as file:

w Save it as file:

Help

SimpleOddball non-target epochs

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

CAUsers\marissa\Desktop\EEGLABwork

Cancel

Edit description ‘

Browse

Some changes have not been saved. What do you want to do with the old dataset?

Browse

| Ok

Save dataset (optional)

Neuroscience

File

Edit Tools Plot

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

Mernory and other options

Study

u Save dataset with .set extensicn — pop_saveset() ﬁ
Datasets Help ~ l\_)u | .+ EEGLABworkshop » Data - | 43 | | Toriey o
Y I" tﬂrgEtE ‘ Organize = Views = [ Mew Folder
b Eninlhie Mame Date modified Type
’ E Documents | |faces_3.set 11/11/2013 4:21 PM  SET File
) | |faces_d.set 11/11/2013 4:21 PM  SET File
— || SimpleOddball.set 11/13/2013 7:15 AM  SET File
Or save |ater from menu || = = || simpleOddball_cont r.. 11/14/20139:57 PM  SET File
1% Computer || stern_125Hz.set 11/11/2013 417 PM  SET File
60 & Recently Changed
120 i B Pictures L]
256 EB‘ Music
0102 EE' Searches
k
0.996
":_n knﬂwn Folders - Fi | I 3
L= |
No Filename:  SimpleOddball_non-target epochs -
4 T [l Save as type: [ (*.=et) vl
! Hide Folders [ Save | | cancel |




Scroll (epoched) channel data

Neuroscience

EEGLABE v11.0.5.4b

File Edit Teols | Plot | Study  Datasets  Help o
#3: SimF Channel locd Scroll channel activities -- eegplot() |E|E|ﬁ‘
Channel dat Figure Display Settings Help E
Filename: n Channel spe Stack
ac
Channels p¢ Channel pro
= = = = Morm
Frames per Channel ERP . B 5 o 83 o R o Hpg
Epochs Channel ERP = — ; :
Events i i - o
s i ERP rap ser o i W
ampling ra = T
Ping Sum/Compa ey % %
Epoch start ’ i g E i
Epoch end Component £ % ok
poch end | = e T
Reference Component = % aﬁwm
: e rpRL hr g
Channel loc Component £ i : ,“M
. ol ek T
ICA weights Component 2 % % : .1’%
: = R
Dataset size Component] 2 ﬁ% R :
Component g F e paie] M:
b ; G raL T it
m/Compd b b e ]
= e N iarsowent
.- ol et r Aty
Data statistic ) W % pmm
Time-freque Y SR v
' 3 S A SRRt R
Cluster datag o e A e S e VAL NEE e
E P Wiy S R L, M P e 24
i iAo s
0 250 500 0 250 500 0 250 500 0 250 500 0 250 500 i
Chan. Time  Value =
CANCEL Eventtypes| <<| <| 1 | > 000 oo |28 | REJECT




Reject epochs with artifact

<)} Scroll channel activities — eegplot()

Figure Display Settings Help

Stack

1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch

Norm

2 S 3 S 4 S 5

L]

e

= s

Click anywhere within 254

i

an epoch to select it

for rejection R
ey e A e P

g Scale
Lo, et 28

ARy ??'ﬁ%{?%ﬁ? Eﬁi@;‘f{ié LSRR T

o
|

250 500 0 250 500 0 250 500

=

0 250 500 0 250 500

Chan. Time Value

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

REJECT

| |
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Reject data epochs

File  Edit

—#1:1

Filarnz
Chan
Frarme
Epoch
Event
Samp
Epoch
Epoch
Avara
Chan
[ A
Catas

Plot Datasets  Help N
Change sampling rate
Filter the data J 5]
Fe-reference .

Feject continuous data by eve

Extract epochs

Femowe baseline

Fun 1CA

Femowve camponents

Automatic epoch rejection

Feject data using ICA »
Locate dipoles using BESA b
Locate dipales using DIFFIT 2.x
Laplacian b
FMEIB Tools ]
orand average datasets »
Locate dipoles using LOREET A b
PCA plugin b

Feject data {all methods)

Feject by inspection

Feject extreme walues

Feject by linear trend fwariance
Feject by probability

Feject by kurtosis

Feject by spectra

Export marks 1o [CA reject

Feject marked epochs

Computatlona!
Neurosﬂence
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visual
Inspection

Reject data epochs

Reject trials using data statistics - pop_rejmenu(}

Scroll Data

Calc [ Plot

Calc [ Plot

Calculate

Calculate

Calc [ Plot

Show all trials marked for rejection by the measure selected above or checked belowr
W Abnormal appearance W Abnormal values R Abnormal trends
M Improbable epochs W Abnormal distributions W Abnormal spectra

Close (keep marks) Claar all marks Raject marked trials

B Swartz

Center for
Computational
Neuroscience
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Reject data epochs

= o
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Reject data epochs

Reject trials using data statistics - pop_rejmenu(}

Calculate

gjection by the measure salec
4 ‘rmal

W Abnormal distributions

Clear all marks

Swartz
Center for
Computational
Neuroscience




Reject data epochs

File  Edit

—#1:1

Filenz
Chan

Framz
Epoch
Ewvent
samp
Epoch
Epoch
Avara
Chan

[ZA
Datas

Flot Datasets  Help

Change sampling rate
Filter the data [
Fe-reference

Feject continuous data by eve

Extract epochs

Femowve baseline

Fumn 1A,
Femowve compaonents

Autaormatic epoch rejection

Feject data epochs

Feject data using ICA b
Locate dipoles using BESA »
Locate dipaoles using DIFFIT 2.1
Laplacian b
FMEIE Tools ]
Crand awverage catasets b
Locate dipales using LORET A b ‘
FCaA plugin r

Feject data (all methods)
Feject by inspectian

Feject extreme wvalues

Feject by linear trend fvariance
Feject by probability

Feject by kurtosis

Feject by spectra

Export marks to [CA reject

Computatlona!
Neurosﬂence
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Visualize ERP in rectangular array

EEGLAE v11.05.4b

__ #5: Simg

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

File Edit Tools | Plot | Study  Datasets Help

Channel locations

Channel data (scroll)

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
Component properties
Component ERP image
Component ERPs
Sum,/Compare comp. ERPs

Nata ctatictice

In scalp/rect. 3

_—

Topographic ERP plot - pop_plottopo()

3
() | S

Channels to plot
Plat title

Plot single trials
Plot in rect. array

Help

Other plot options (see help)

1:66

SimpleOddball nontargets rej

(set=yes)
ydir’, 1

Cancel |

Ok

nt

Computational
Neuroscience

3
3
3
3
1

e

3
I
1

FTT
FFT
FFT
i
VY
Ty

3Ry
F -
3—b3
I "

P

PR
%4

Tm
33
} [}
3k
?"“—4
k3
TCCI
k3

o
3

=)

33 34 35 36 37 38 39
R0 CH ¥ an PR N1, L Wi A E
4 42 43 45 : 4

L -r Ll H t "

I

A
]

l
L]
T
—

P F

FrTs

i
il

N

=

:F%q
i

TrT

FVF

35

e

e

I

G5 GA ) ,
=" T -20.1

-102 o5

Time (mz}

=RREn X
'3]- Figure 3: plottopo() = | B |
Eile Edit View Inset Tools Desktop Window Help N
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Visualize ERP Iin topographic array

e
e

nt

B C&inbbu-rrohu
- euroscience
[ B exGLAB 110540 = | B S
File Edit Tools Plot| Study Datasets Help ~ Figure 2: plottopa) g —
___#5: Sim Channel locations *3j File Edit View Inset Tools Desktop Window Help ¥
Channel data (scroll) _bl _,1 IH ;;! [:& CRLON {m;, @ ILE‘_ 34.9 . @_;- D IE‘ = E
Filename: n Channel spectra and maps
Channels pe Channel properties SlmpIeDddbaII fargets r%-ED%!G"
Frames per Channel ERP image
Epochs Ch | ERP With scal %ip,&:
' Events ERI:””E .s : I Slca,p r:a HED Fp i Fp
Sampling ra e e hEETRER S AF M AF
Epoch start Sum/Compare ERPs AF AF AF
Epoch end { Component activations (scroll) F7 FE{“‘&- E#&&EB
Reference Component spectra and maps F3 F1 7 2 4
Channel loc Component maps r Fr*ﬁ& l__l_*&!-
I ICA weights Component properties A FC4 FC C FCJE FCJ FC C4
Dataset siz¢ Component ERP image E
Compenent ERPs ' K Ch C3 C1 Cz| c2 C4 Ch T8

Sumy/Compare comp. ERPs

.- ____Data <tatistics » i %“F‘—“—DP%‘EP %CP%PJ&-CP&- %ﬁ‘n‘—"n-
Topographic ERP plot - pop_plottopol) L‘:' El -Ehl TF 2 CP TP

Channels to plot 1-66 F'Tjrﬂ.ﬂ5| 3 1 ‘ 2 P4 P6 PB'\A‘“
Plot ti-tle . SimpleQddball nontargets rej PH*,&_,‘ PO POJ&‘ F'Cld{qﬂ'# P1 L
Plot single trials (set=yes) PO PO 201
Plot in rect. array (set=yes) 01 Oz%ﬂ"‘ DE’ﬁﬂW L
Other plot options (see help) ydir', 1 201
+Q__‘ 102 996
Iz ; )
Help Cancel | Ok 1L AL
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Visualize ERP scalp distribution

‘ B ERP data and scalp maps -- pop_timtopo() = | ] S
—

Center

Plotting time range (ms): -101.5625 996.0938 Qe
Scalp map latencies (ms, Mal -> max-EMS) MNaM
Plot title: ERF data and scalp map:

Scalp map options (see == help topoplot):

Help Cance Ol

e —
B Figure 2: timtopo() =RUCIEL X ]
L.
- File Edit View Inset Tools Desktop Window Help
B EEGLAB v11.0.5.4b = | ] bl e —
LY [ (&
i i _bl_-‘lﬂqiﬂ [:3 % \@@@ﬂ'@;u@ m 0
File Edit Tools | Plot | Study Datasets Help ™
#5: SimF Channel locations * gj 352
Channel data (scroll)
Filename: n Channel spectra and maps
Channels pe Channel properties
Frames per Channel ERP image
I Epochs Channel ERP= With scalp maps
EventT ERP map series In scalp/rect. array
ampling 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 sizt Component ERP image E
Component ERPs Ly E
- Sumy/Compare comp. ERPs — _,g
Data statistics + L :
Time-frequency transforms L
Cluster dataset ICs r

0 200 400 600 800




Visualize channel ERPs in 2D

‘ [ u Plot ERP scalp maps in 2-D - pnp_topc;[ntﬂl - @Elﬁ
p — Plotting ERP scalp maps at these latencies 2E-25-300 cczﬁbm@nu
D (range: -102 to 996 ms, NaN -> empty): Neurosdence
( Plot title
B EEGLAE v11.0.5.4b B Figure 2 =
Fil Edit Tools | PI Stud D Plot geomet
e Edit Tools [Plot | Study Datg File Edit View Inset Tools Desktop Window Help N
#4: Simf  Channellocatig =Addtional Y12 HA | K RLTDEL-D| DB am
Channel data (
Filename: n Channel spectr
Channels pe Channel prope Help
Frames per Channel ERP in|
Epochs Channel ERPs b
E‘H’EF‘I’E? ERP map series !
ampling ra
Sum/Compare ERPs
Epoch start i
Epnch end | Component activations (scroll)
Reference Component spectra and maps
Channel loc Component maps r
ICA weights Component properties
Dataset siz¢ Component ERP image
|
Component ERPs i
- Sum/Compare comp. ERPs
Data statistics » 152
Tirme-frequency transforms » Ay
Cluster dataset ICs 0
-3.1
-16.2
SimpleOddhball targets rej




Visualize channel ERPs in 3D

- Figure 2 —

B EEGLAE v11.0.5.4b

File Edit Tools |Plot | Study Datasets Help

__ #4: 8Simg

Channel locations

Channel data (scroll)
Channel spectra and maps
Channel properties
Channel ERP image
Channel ERPs

ERP map series

Sum/Compare ERPs

Component activations (scrol '

Component spectra and mapy

Component maps
Component properties
Component ERP image
Component ERPs

Sum/Compare comp. ERPs

Data statistics

Tirme-frequency transforms

Cluster dataset ICs

File Edit View Insert Tools Desktop Window Help N
DEdde | M RRODLA-2|0E D
=re
= 12[3‘#; 120 smem - 1 "D ms
B Figure 3 B EE )
File Edit View Inset Tools Desktop Window Help N
EEDIDEEY I PAEIEEILT - l
130 ms g
> B, 60 ms
S
Dms
219
| 109
Lo
- -10.9
219
‘pts
| p—
= S — = = =4
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Exercises (continuous data)

» Load SimpleOddball.set

* Re-reference data to average reference
 Hi-pass filter the continuous data, then save
* Epoch the data on circles (event type 1)

 Scroll the epoched data and perform visual
rejection of epochs

« Explore the automated artifact rejection tools

« Save ‘clean’ epoched datasets for circles (targets)
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Supplementary material

56



Select a subset of epochs

[=] »

coLAR 0.5.4b e el | ,l
Dataset info
Event fields

/4

L w IR Swartz
N Center for
Computational

Neuroscience

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

Keep only epochs with a 201 (button press) event

Mo description
Mo description
Mo description

E

=

i

E
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Comments and dataset history

\V(

i~

B EEGLAE v11.0.5.4b

E@ﬁ B Read/Enter comments -- pop_comments()

File | Edit | Tools 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

N

About this dataset

Delete dataset(s)
Visually edit events and identify bad channels
Ldldsel SIEe (VU] P
e : —
Also:

>> EEG.comments

or
>> EEG.history

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

Paradigm:

—Participant looked at fixation box in center of
screen

-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 = circle

2 = 3tar

3 = button press

Fecording information:

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

mastolid channels have been removed)

Processing steps:
high-pass filter - 0.5 H=z
Cleanline applied to &0, 120 H=z

CAMNCEL SAVE
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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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