. Artifact rejection and running ICA
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Task 1

Reject noisy data
Task 2

Run ICA
Task 3

Plot components
Task 4

Remove components

(i.e. back-projection)
Exercise...
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Artifact rejection and running ICA

Task 1

Reject noisy data
Task 2

Run ICA
Task 3

Plot components
Task 4

Remove components

(i.e. back-projection)
Exercise...




Filter the data (if necessary/desired)
| gl o o V\MAWNWWMWMWWWMWMWWW Wyl

Swartz
Center for
Computalional
euroscience

High-pass

Change sampling rate recommended

Filter the data Basic FIR filter
Short IR filter

Re-reference

Interpolate electrodes

Reject continuous data by eye
Extract epochs
Remove baseline
Run ICA

Remove components

Automatic channel rejection

Automatic epoch rejection
Reject data epochs »
Reject data using ICA 4

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

FMRIB Tools »
Locate dipoles using LORETA 4




Auto-detection of noisy channels

| E 3
h /wa/\wwj\\{\ﬂwm/ﬂAMW%WWU WH.JM\M«/\/AM memm\ W\MW\MWVMMWW AV«/WW\ “NMWU\\ /MWN\A MWW M%‘A\ﬂ ;’N S;v/a‘ o T
» W R Center for
Computali:)ennacle

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continuous data by eye
Extract epochs

Remove baseline

Run ICA

Remove components

Probability Rd

v
o |

Automatic epoch rejection

Reject data epochs

Reject data using ICA

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

Locate dipoles using LORETA  »

>> EEG = pop rejchan(EEG, 'elec',[1:71] , 'threshold',k5,...
'norm', 'on', 'measure', 'prob');



Auto-detected noisy channel

m
Sww;.
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Figure Display Settings Help N

: Scale
WWWWW 35
i i i b
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Chan. Time Value
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Reject continuous data

e g A gLl g b Pt

Equivalent

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continuous 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 dipoles using DIPFIT 2.x

A0S Study Datasets Help

Swartz

Center for
Computalional
euroscience

N

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 4
Component properties
Component ERP image
Component ERPs »
Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms

Cluster datasetICs

EEGLAB Workshop XIII, June 20-23 2011, Aspet, France: Claire Braboszcz — Artifact rejection and running ICA
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-Scroll channel activities --
Figure Display Settings Help

Reject continuous data

Neuroscience

Click and drag with mouse

over noisy data to reject

AW
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35

REJECT

Scale
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Rejecting data for ICA
e S

Compulaﬂonal

X
‘QQ"-&’ Neuroscience

To prepare data for ICA:
Reject large muscle or

- Scroll channel activities -- eegplot() L
otherwise strange events...
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OR... Extract short epochs
e "I it gt o g kA Wyl

Swartz
Center for
Computalional
euroscience

Choose all events

Change sampling rate

Filter the data [ B Extract data epochs - pop_epoch() =|@] = |
Re-reference

Interpolate electrodes
Reject continuous data by eye

Chr Extract epochs

Remove baseline

BCDFGHJKLMN
-55

Sternberg Rej Chan epochs

Run ICA

Remove components

Automatic channel rejection

Automatic epoch rejection

Reject data epochs

Reject data using ICA

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

Locate dipoles using LORETA 4




Auto-reject data epochs

| \ M, Wi ™ (
f \ aMa MY ‘M\ A\ Tl ™ m A m Y\ W \ | h / ‘\M A A
l Vo AT r\W WAy AN SWA L Mot Ll b A, "W /) Nl M () WA, MM
&\/‘j MMV \W/w \«\»‘/uﬂ’\f WMNJ “\) ' \/\// LV/L ' \L} : L\v‘fj \Vf ' Muﬁ v\\J \’\N 'M/\’ \\ffww l\/v\v‘ LWW\A/\\'\/ W\/\WN\‘N N \'\J\M\/ \‘\V\W(//\l Wv V\‘ w\/ﬁ\l’\’\/\/ﬂv W . \/‘M‘ o \\« [ Sv‘vartz >
‘ Bl Center for
N 5 oA

/ \

Change sampling rate
Filter the data
Re-reference
Interpolate electrodes

Reject continuous data by eye

Extract epochs
Remove baseline
Run ICA

Remove components

Automatic channel rejection
Automatic epoch rejection

Reject data epochs Reject data (all methods)

Reject data using ICA Reject by inspection
Locate dipoles using DIPFIT 2x  »|  Reject extreme values
Peak detection using EEG toolbox Reject by linear trend/variance
FMRIB Tools »|  Reject by probability
Locate dipoles using LORETA P Reject by kurtosis
Reject by spectra
Export marks to ICA reject

Reject marked epochs

EEGLAB Workshop XIII, June 20-23 2011, Aspet, France: Claire Braboszcz — Artifact rejection and running ICA



visual
Inspection

Reject data epochs

Close (keep marks) Clear all marks Reject marked trials

probability




Reject data epochs

Start by clicking sctrode: 70

Calculate:

1:70
Scroll Data

SerolData | Pot |

Show all trials marked for rejection by the measure selected above or checked below

Close (keep marks) Clear all marks Reject marked trials

wwm gt ”MWWMWMWMWW

eeeeeeeeeee

Number of epochs
above threshold
indicated here




Reject or retain marked epochs

vaw s " b e i

Scroll Data

/ N
el 0y g
] Swartz
—l =1 X Center
Comp |
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-
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Show all trials marked for rejection by the measure selected above or checked below

Close (keep marks) Clear all marks Reject marked trials
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>> EEG
>> EEG

Reject marked epochs

Swartz {0

7~ —
I cccus 7.0 N i

File Edit Plot Study Datasets Help N

Change sampling rate

Filter the data » ochs —

Re-reference

Interpolate electrodes

Reject continuous data by eye

Extract epochs
Remove baseline
Run ICA

Remove components

Automatic channel rejection

Automatic epoch rejection
Reject data epochs » Reject data (all methods)
Reject data using ICA

hd

Reject by inspection
Locate dipoles using DIPFIT 2x  »|  Reject extreme values

Peak detection using EEG toolbox Reject by linear trend/variance
FMRIB Tools > Reject by probability
Locate dipoles using LORETA ~ »|  Reject by kurtosis

Reject by spectra

Export marks to ICA reject

Reject marked epochs

pop jointprob (EEG,1,[1:70],5,5,0,0);
pop_rejepoch (EEG, find (EEG.reject.rejglobal) ,0);

Center for
Compu(atlonal
Neuroscience




Reject data epochs (automatic)
il o M ot Y g s st

Swartz
Center for
Computalional
euroscience

Change sampling rate
Filter the data »

Re-reference

High enough

Interpolate electrodes to keep
Reject continuous data by eye eye blinks
Extract epochs 1000

Remove baseline
Run ICA

Remove components High standard
Automatic channel rejection deviation,
Automatic epoch rejection mUItipleS
Reject data epochs passes
Reject data using ICA 4

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

FMRIB Tools »
Locate dipoles using LORETA P

>> EEG = pop autore]j (EEG, 'nmogui', 'on', 'eegplot', 'on');



Reject data epochs (automatic)

julie@doing:/home/julie = D 4

File Edit View Terminal Tabs Help

AN

= B mﬁ&
Running auto-rejection protocol... Swarez 05 )
33 channel selected

Center for

0/182 trials marked for rejection |terat|ve reJeCtlon e

Neuroscience

Computing joint probability for channels... HH
Computing all-channel probability... based On prObabIIIty
5/182 trials marked for rejection
5 trials marked for rejection
5/182 trials rejected

Removing 5 trial(s)...

Pop_select: removing 22 unreferenced events ‘eegplot” ‘On’ ShOWS

Computing joint probability for channels...

Computing all-channel probability... i | rejected epochs

Figure Display Settings Help

3/177 trials marked for rejection S 3 E S B gz Bs
3 trials marked for rejection ’ l [ ! Y 1 ; H ww T T T WW
01
3/177 trials rejected :DZWWW%W W At WM”WWWW
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Computing joint probability for channels... :z:mm %W o i\ W'\WW\AMMMJ
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4 trials marked for rejection °°5Wmmm “\‘*J WWWWW
4/174 trials rejected ::?Wm R A SV Wy A ,WWWWMW VYA
Removing 4 trial(s)... 012 W‘A’M/WWWW ..uwm WWWW
Pop_select: removing 16 unreferenced events “3WWWWM ‘M WWWW
Computing joint probability for channels... "“me wwi WWWW WJ‘I\W‘.
Computing all-channel probability... ewW/% ( \w‘ S N [romes MW
: 2111 016 [rmiy_y et | AT S RV SR VRYY AR A
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3/167 trials rejected ezawwwmwwm M T AL P
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Computing all-channel probability... 233 MV N h ot b et A i T
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1 trials marked for rejection
1/164 trials rejected G — o

Removing 1 trial(s)...

+
Pop_select: removing 4 unreferenced events (CANCEL J Event types } << ‘ < 171 >> ‘ 201 -863.2116 27.996 60 —J REJECT

Computing joint probability for channels...
Computing all-channel probability...

0/163 trials marked for rejection - Reject pre-labelled epochs _— pOP_fejepOChO Lgl@u

0 trials marked for rejection
0/163 trials rejected Are you sure, you wart to reject the labeled trials ?

Final kurotsis reject...

Computing kurtosis for channels... No I Yes I
Computing all-channel kurtosis...
3/163 trials marked for rejection
3 trials marked for rejection

>>
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Artifact rejection and running ICA

Task 1

Reject noisy data
Task 2

Run ICA
Task 3

Plot components
Task 4

Remove components

(i.e. back-projection)
Exercise...
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sjauueyn

Independent Component Analysis

= scalp EEG

W = unmixing matrix
W*x =u
ICA

u = sources

sjusuodwo)

u = sources

Time

W-1 (scalp pro]ectlons)
. @ f") O e




“Secrets” to a good ICA decomposition
.

—

» Garbage in... garbage out (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)



Runica options

Compulaﬂonal

EEGLAB v6.0b ODtion Default Comments Neuroscience

File Edit Datasets Help

EEEEEN  Change sampiing rate L ‘extended’ 0 1 is recommended to
Filter the data ’ find sub-gaussians
0 Re-reference

Filenz t
Reject conti data b ¢ ) . .

SHAl  “eject continuous data by eve stop 1e-7 final weight change = stop

Frams  Extract epochs

Epoch R i

Event emove baseline . , .

S Irate determined too small - too long...

Epocl  Remove components from data too large - wts blow up

Epocl' Automatic epoch rejection

vera ‘ 3

|CA w Reject data using ICA 4

Datas  ocate dipoles using BESA > ‘pca’ 0or Decompose only a
Locate dipoles using DIPFIT 2.x  » EEG.nbchan  principal data subspace
Laplacian »
FMRIE Tools 4 .

Other algorithms:
Run ICA decomposition -- pop_runicaf) binica,amica,SObi,aCSObirO
PCA plugir ICA algorithm to use (click to select) runica =
Commandline options (See help messages) B A RS T 0 _|
Channel type(s)or channel indices | ... types | ... channels |

Cancel | Help | Ok




step 1 -
step 2 -
step 3 -
step 4 -
step b -
step 6 -
step ¥ -
step 8 -
step 9 -

Irate 0,001000,
lrate 0,001000,
Irate 0,001000,
Irate 0,000980,
lrate 0,000960,
Irate 0,000941,
Irate 0,000922,
lrate 0,0003904,
lrate 0,000836,
lrate 0,000868,
lrate 0,000851,
Irate 0,000834,
lrate 0,000817,
lrate 0,000801,
lrate 0,000785,
lrate 0,000769,
Irate 0,000754,
lrate 0,000739,

Runica progress...

Press Button to interupt runica

Interupt

wchange 16,85061324,
wchange 0,26760405,
wchange 0,73058323,
wchange 0,66700031,
wchange 0,62843071,
wchange 0,73367355,
wchange 0,73727223,
wchange 0,74051387,
wchange 0,74536137,
wchange 0,72101402,
wchange 0,14690114,
wchange 0,11822100,
wchange 0,7555296E,
wchange 0,26739750,
wchange 0,12123251,
wchange 0,1028560E,
wchange 0,03770499,
wchange 0,09544423,

angledelta 0,0 deg
angledelta 0,0 deg

angledelta 104,0 deg
angledelta 147.2 deg
angledelta 146.5 deg
angledelta 150,7 deg
angledelta 151.6 deg
angledelta 137.9 deg
angledelta 156,0 deg
angledelta 143,7 deg
angledelta 102,5 deg
angledelta 114,3 deg
angledelta 100,6 deg
angledelta 109,1 deg
angledelta 94,2 deg
angledelta 110,7 deg
angledelta 118.6 deg
angledelta 117,1 deg

Input data size [33,133175] = 33 channels, 133175 frames/nFinding 33 ICA components using extended ICA,

Kurtosis will be calculated initially every 1 blocks using 6000 data points,

Decomposing 122 frames per ICA weight ((1089)°2 = 133175 weights, Initial learning rate will be 0,001, block size
Learning rate will be multiplied by 0,38 whenever angledelta >= B0 deg,
More than 32 channels: default stopping weight change 1E-7
Training will end when wchange < 1le-07 or after 512 steps,
Online bias adjustment will be used,
Removing mean of each channel ...
Final training data range: -171,806 to 179,094
Computing the sphering matrix,,.

Starting weights are the identity matrix ...
Sphering the data ...
Beginning ICA training ,,, first training step may be slow ...

step 241 - lrate 0,000002, wchange 0,00000082,
step 242 - lrate 0,000001, wchange 0,00000061,
step 243 - lrate 0,000001, wchange 0,00000057,
step 244 - lrate 0,000001, wchange 0,00000054,
step 245 - lrate 0,000001, wchange 0,00000055,
step 246 - lrate 0,000001, wchange 0,00000047,
step 247 - lrate 0,000001, wchange 0,00000046,
step 248 - lrate 0,000001, wchange 0,00000045,
step 249 - lrate 0,000001, wchange 0,00000041,
step 250 - lrate 0,000001, wchange 0,00000036,
step 251 - lrate 0,000001, wchange 0,00000033,
step 252 - lrate 0,000001, wchange 0,00000029,
step 2563 - lrate 0,000001, wchange 0,00000030,
step 264 - lrate 0,000001, wchange 0,00000023,
step 255 - lrate 0,000001, wchange 0,00000023,
step 256 - lrate 0,000001, wchange 0,00000023,
step 257 - lrate 0,000001, wchange 0,00000021,
step 258 - lrate 0,000001, wchange 0,00000020,
step 259 - lrate 0,000001, wchange 0,00000019,
step 260 - lrate 0,000001, wchange 0,00000015,
step 261 - lrate 0,000001, wchange 0,00000014,
step 262 - lrate 0,000001, wchange 0,00000014,
step 263 - lrate 0,000001, wchange 0,00000013,
step 264 - lrate 0,000001, wchange 0,00000012,
step 265 - lrate 0,000001, wchange 0,00000011,
step 266 - lrate 0,000001, wchange 0,00000010,
step 267 - lrate 0,000001, wchange 0,00000010,
step 268 - lrate 0,000001, wchange 0,00000010,

step 269 - lrate 0,000001, wchange 0,00000008,
Sorting components in descending order of mean
Permuting the activation wave forms ..,

Sw@?ﬁ«f ,

Center
Computational
Neuroscience

angledelta 101,5 deg
angledelta 96,1 deq
angledelta 97,5 deq
angledelta 93,7 deq
angledelta 100,3 deg
angledelta 96,9 deq
angledelta 91,3 deq
angledelta 101.5 deq
angledelta 103,1 deq
angledelta 95,5 deq
angledelta 92,1 deq
angledelta 97.4 deq
angledelta 95,8 deg
angledelta 94,2 deg
angledelta 97,6 deg
angledelta 97,1 deg
angledelta 92,0 deg
angledelta 99,1 deg
angledelta 99,0 deg
angledelta 98,3 deg
angledelta 99,0 deg
angledelta 94,3 deq
angledelta 95,4 deq
angledelta 94,1 deq
angledelta 96,1 deq
angledelta 94,8 deq
angledelta 94,5 deq
angledelta 97,7 deq
angledelta 95,1 deq
projected variance ..,
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File
>> H

EEG

>>

ICA weights in EEG structure

Terminal

Edit View Terminal Tabs Help

EG

setname:
filename:
filepath:
subject:
group:
condition:
gsession:
comments:
nbchan:
trials:
pnts:

srate:

xmin:

Xmax :

times:

data:
icaact:
icawinv:
icasphere:
icaweights:
icacnangind:
chanlocs:
urchanlocs:
chaninfo:
ref:

event:
urevent:
eventdescription:
epoch:
epochdescription:
reject:
stats:
specdata:
specicaact:
splinefile:
icasplinefile:
dipfit:
history:
saved:

etc:

'‘faces_4 continuocus'
'‘faces_4.set’

' /home/julie/workshop06/"*

[]

[15x48 char]
a3

1

133175

250

0

532.6960

[]

[33%x133175 single]
[32x123175 single]
[23x32 double]
[23x32 double]
[33x32 double]
[IX33 g5uBTE]
[1x33 struct]
[]

[1x1 struct]

' common '
[1x721 struct]
[1x731 struct]
(1

[]

()

[1x1 struct]
[1x1 struct]

[]

[]

[1x1 struct]
[1x16232 char]

no

(]

m]

X

[»]

[¢]

) Figure 2
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Artifact rejection and running ICA

Task 1

Reject noisy data
Task 2

Run ICA
Task 3

Plot components
Task 4

Remove components

(i.e. back-projection)
Exercise...




Plot ICA scalp maps

Compulaﬂonal

File Edit Tools Study  Datasets Help

File Edit View Insert Tools Desktop Window Help

_#3: stel Channel locations » he 0D=d §| L\\; |@l Q {ﬂ_? ®|¥E]| D EI' —

Channel data (scroll)

_ Channel spectra and maps
Filename:

1 b 3
Channel properties
Channels
Frames ne Channel ERP image
Epochs Channel ERPs » ;
Events ERP map series »

Sampling Sum/Compare ERPs

EpOCh sta Component activations (scroll) ] 6 7 g
Epoch enc
Ref Component spectra and maps
EIerence
el Component maps 4 m
ICA weight Component properties ‘ In3-D
Dataset sif  Component ERP image =
Component ERPs 4
= - l ‘ 9 10 11
Plot component scalp maps in 2-D -- pop_topoplot() =[]
S
Component numbers 112 0
(negate index to invert component polarity; NalN -= empty subplot; Ex: -4 Man 3) f
- -5
Plot title Sternberg Rej Chan epochs|
Plot geometry (rovws,col.); [] -= near sguare | ICA Components
Plot associsted dipole(s) (if present) D L J

-= Additional topoplot() (and dipole) options (see Help)

‘electrodes’, 'off'

Cancel Help




Compare ‘good’ and 'bad’ scalp maps

YWiew Insert Tools Desktop Window Help

$00 0
® 00
LRONE NE,

BAD ICA Components ICA Components




Scroll component activities

\ i Sw’w ,

enter
Computational

Neuroscience

% Scroll component activities —- eegplot()

EEGLAB v6.0b

Figure Display Settings Help

File Edit Tools B Datasets Help
Channel locations _m L Ne __ns Il N5
—#1: faces N W - S——— , : '
Channel data (scroll) 2 R I t P et et R RiR e
Filename: ... Channel spectra and maps g i i m L — ]
. e Y LV WY NS L MMMWMWW—MM
Channels pe Channel properties E . n = A ahrmbeomarin i
. L e e e
Frames per ¢ Channel ERP image 5] | NS
Epochs Channel ERPs e R e
Events 12 - -t ORI - ferrrsatrin el it
Sampling rat  ERP map series i . - - msoisty
b g bt g et e T
Epoc:: stactl’t i SumjCompare ERPs = | I[ JI— e ]
< . —
Aﬂ::ageenref(é Component activations (scroll) }% bbb A ek ket b b A Al A MR . ot ki e
L e e et e e i
Channel locz Component spectra and maps %10 I A A
N s
; 7 | . 1 A | o]
ICA welghts Component maps i X 0 ; Sl SR 1 st
Datasetsize|  component properties | " gy S g oo - s
Component ERP image %? L rtasinds gt ’ ! wn g ::J
Component ERPs gg ISR e et 1 Scale
oo ¥ . * i v
SumjfCompare comp. ERPs g} e/ . . | et BT
Data statistics | ORI | Vo e Jr' S |[ i o I
= = i - 4 = = = = = =
Time-frequency transforms 500 0 1008 -50 0 1000-500 O 1000-50 0 1000 -50 0 1000
Awerage time-frequenc chan, ima vale e |
g GueEncy CANCEL Eventtypes| <ef 2 [7717 =l 5] | e4sosc -1867 | 12| o REJECT |
Cluster dataset ICs L |
]

Time periods that are not independent across ICs

should be removed and ICA run again for better decomposition



Plot ICA component properties

. DN mo " \Trial 1
- 1 ) \I‘ 3 : \ / 1
L o N1 A TS B A ERP I
o Lo A A~ Trial 2 g
) EEGLAE u5.UL =X L mEmmE im0
File Edit Tools MG Datasets Help N ' ' '
Channel locations » o AL, - oA
—#1: faces - BEAVAZNY \ /Y
Channel data {scroll) JEE IR . immn
Filename: Channel spectra and maps _ ’
Channels pel  Channel properties d Component 3 properjig ¥
Frames per ¢ Channel ERP image File Edit View Ins g
EE:::’: Channel ERPs »
Sampling rat ERP map series 4 Componem S iz}

Epoch start Sum/Compare ERPs 150

7] ¥
Epoch end (s Component activations (scroll) ™ feeoa it
Average refe = 100 R
Channel locz Component spectra and maps = s )
- A
ICA weights Component maps » o
Dataset size Component properties ’8 a0
Component ERP image —
Component ERPs » — 1.7 - —
SumjCompare comp. ERPs -1 .71 ; 1
Data statistics » ) o
Time {ms)
Time-frequency transforms »

Activity power spectrum
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Reviewing component properties
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Change sampling rate
Filter the data

Re-reference

Interpolate electrodes

Reject continuous data by eye

Extract epochs
Remove baseline
Run ICA

Remove components

Automatic channel rejection
Automatic epoch rejection
Reject data epochs
Reject data using ICA Reject components by map
Locate dipoles using DIPFIT 2.x Reject data (all methods)
Peak detection using EEG toolbox Reject by inspection

FMRIB Tools »|  Reject extreme values

Locate dipoles using LORETA  »|  Reject by linear trend/variance
Reject by probability
Reject by kurtosis
Reject by spectra

Export marks to data reject

Reject marked epochs
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(v Component 9 properties
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Reject components by map - _selectcomps() (dataset:
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File Edit View Insert Tools
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Pulse artifacts
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Artifact rejection and running ICA

-
Task 1
Reject noisy data
Task 2
Run ICA
Task 3
Plot components
Task 4

Remove components
(i.e. back-projection)
Exercise...
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Eye blink correction
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' EEGLAB v6.0b

File Edit BELEN Plot Datasets Help N
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Eye blink correction
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Eye blink correction
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) Scroll channel activities -- eegplot() - ol x| .
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Exercise

ALL

- Load stern_125Hz.set

- Epoch the data on memorize and ignore letters
- Scroll the data and perform visual rejection

- Try auto-rejection function and compare to visual inspection
- Find and identify “artifact” ICs

- How can you be sure that an IC is artifact?

- Practive removing a component from the EEG data (do not
save this way!). Alternatively, try KEEPING just one

component. What does the EEG data scroll look like?



