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Review: ICA in Plain English

Source activation = unmixing * Channel data

Channel data = mixing (topo) * Source activation
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| ICA and PCA
Q

ICA is a method to recover a version of the original sources by multiplying the date
by a unmixing matrix,

Principal component analysis Izndependent component analysis

5| PCA . | 15l IcA 57
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While PCA simply decorrelates the outputs (using an orthogonal mixing matrix), ICA
attempts to make the outputs statistically independent, while placing no constraints
on the mixing matrix.



Finally: ICA options
2 q’ swfi?%

Computational

) EEGLAB v6.0b = | Option Default Comments Neuroscience

File Edit SGLEN Plot Datasets Help ~
_ 4q.q Change sampling rate ls ‘extended’ 0 1 is recommended to
Filter the data 4 find sub-gaussians
Filena RE.-rEfEI"EI’IFE t
B Relectcontinuous ciata-by eye ‘stop’ 1e-7 final weight change - stop
Frame  Extract epochs
el Remove baseline ‘ ) .
Event Irate determined too small - too long...
un
S from data too large = wts blow up
Epoch  Remove components
Epoch . I ‘ )
A'f,em Automatic epach rejection maxsteps 512 more channels = more steps
Chan Reject data epochs 4
B Relectomausing ICA ’ ‘pca’ 0 or Decompose only a
Locate dipoles using BESA » . .
EEG.nbchan  principal data subspace
Locate dipoles using DIPFIT 2.x  »
Laplacian »
FMRIE Tools 4 .
Other algorithms:
Grand ave .. . . .
. . Run ICA decomposition — pop_runicaf) binica, amica, cudaica, beamica
ocate dip
PCA plugin ICA algorithm to use iclick to select) runica =
Commandline options (See help messages) ‘extended’,1 —|
Channel type(s) or channel indices | ... types | ... channels |
Cancel | Help | | Ok l
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Runica progress...

4
T‘s.,Q ’_?

"~ ST,

Press Button to interupt runica

Interupt

Online bias adjustment will be used,
Removing mean of each channel ...

Computing the sphering matrix,,.
Starting weights are the identity matrix ..,
Sphering the data ...

step 1 - lrate 0,001000, wchange 16,85061324,
step 2 - lrate 0,001000, wchange 0,26760405,
step 3 - lrate 0,001000, wchange 0,73058323,
step 4 - lrate 0,000980, wchange 0,66700031,
step 5 - lrate 0,000960, wchange 0,62843071,
step 6 - lrate 0,000941, wchange 0,73967955,
step 7 - lrate 0,000922, wchange 0,73727223,
step 8 - lrate 0,000904, wchange 0,74051387,
step 9 - lrate 0,000886, wchange 0,74536137,
step 10 - lrate 0,000868, wchange 0,72101402,
step 11 - lrate 0,000851, wchange 0,14690114,
step 12 - lrate 0,000834, wchange 0,11822100,
step 13 - lrate 0,000817, wchange 0,75552966,
step 14 - lrate 0,000801, wchange 0,26739750,
step 15 - lrate 0,000785, wchange 0,12123251,
step 16 - lrate 0,000763, wchange 0,10285606,
step 17 - lrate 0,000754, wchange 0,09770499,
itep 18 - lrate 0,000733, wchange 0,09544428,

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 0,98 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,

Final training data range: -171,806 to 179,094

Beginning ICA training .., first training step may be slow ...

angledelta 0,0 deg
angledelta 0,0 deg

angledelta 104,0 deq
angledelta 147.2 deg
angledelta 146.5 deg
angledelta 150,7 deq
angledelta 151,6 deg
angledelta 137.9 deg
angledelta 156,0 deq
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

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 260 - lrate 0,000001, wchange 0,00000036,
step 251 - lrate 0,000001, wchange 0,00000033,
step 252 - lrate 0,000001, wchange 0,00000029,
step 253 - lrate 0,000001, wchange 0,00000030,
step 254 - lrate 0,000001, wchange 0,00000023,
step 265 - 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 2589 - 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 ,,,

3
Center
Computational
Neuroscience

7

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

-
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) Alternatives to runica
-

>

Infomax ICA
runica matlab implementation
binica compiled version; fast
cudaica GPU version

Raimondo, et al, 2012, https://1liaa.dc.uba.ar/node/ 13

35
[2}
AMICA
& 30| * AMICA
8. ’
§ 25/ Pearsons, ¢ infomax
I I 9 & _»* Ext. Infomax
est at extracting dipolar ICs AR
V20l ‘0 20 40 60 80 100 * SHIBBS
> Near dipolar cutoff (% r.v.) L’ "&ADE
. = -* °TICA
8 15 <" «JADE opt.
Multiple-model support : 5081, fjoe 15
I e Bl
5 10| evb e 24etorl SO
c _,-%icaMS 2
§ S[PCA .- ®AMUSE R=0.96
@ Lo p<10
a .

42 42.2 424 42,6 42.8 43 43.2
Mutual Information Reduction (kbits/s)

=
-
®
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Now what...?

Part 1
Getting an overview of your ICs

Part 2
Classifying/Evaluating ICs

Part 3

Detailed look at IC properties
ERP
Spectrum
ERP images
ERSP
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Now what...?

Part 1
Getting an overview of your ICs
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(Example Datasets)

m
Sww y

ente
Computational
Neuroscience

Load: EEG data/faces 4.set

[ BON ) EEGLAB v13.1.1

File Edit Tools Plot Study Datasets Help

__#1: faces_4 continuous
Filename: ...emos/faces data/faces 4.set
Channels per frame 33
Frames per epoch 133175
Epochs ik
Events 230
Sampling rate (Hz) 250
Epoch start (sec) 0.000
Epoch end (sec) 532.696
Reference unknown
Channel locations Yes
ICA weights Yes
Dataset size (Mb) 1195515

Tools > Extract Epochs

[ NON ) Extract data epochs - pop_epoch()
Time-locking event type(s) ([]=all) face @
Epoch limits [start, end] in seconds -12

Name for the new dataset faces_4 epochs face

Out-of-bounds EEG limits if any [min max]

Help | Cancel | [ Ok |

[ BN EEGLAB v13.1.1

File Edit Tools Study Datasets Help

___#2: faces_4 face epochs
Filename: none
Channels per frame 33
Frames per epoch 750
Epochs 182
Events 743
Sampling rate (Hz) 250
Epoch start (sec) -1.000
Epoch end (sec) 15996
Reference unknown
Channel locations Yes
ICA weights Yes
Dataset size (Mb) 18.9

Subtract Baseline [-1000 0]

EEGLAB Workshop XXI, April'4-8, 2016, Italy —John Iversen— Evaluating ICA components

(Some other examples use stern_125Hz.set)
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Edit > Dataset Info > Enter Comments

- @O0 Read/Enter comments -- pop_comments()

Center for

/ Computallonal
S/ Neuroscience

Edit comments of current dataset

Parent dataset: faces 4 continuous

Parent dataset "faces 4 continuous": ————=——=m==
Data acquired by: Stefan Debener
Data acquired on: Oct 15, 2005

Datas

33 channel EEG
nose-tip reference
sampling rate: 250 Hz
filtered: .5 = 100 Hz
16 bit, BrainAmps

Task:

speeded discrimination between objects and faces
500 ms presentation duration

ISI: 500-1900 ms

362 trials

[CANCEL J [ SAVE J

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John Iversen— Evaluating ICA components 11



File

Results of ICA Decomposition in EEG struct

Terminal

Edit View Terminal Tabs Help

setname:
filename:
filepath:
subject:
group:
condition:
session:

‘faces_4 continuous'
‘faces_4.set’
' /home/julie/workshop06/"*

]

=]

X

[*]

comments: [15x48 char]
nbchan: 33
trials: 1
pnta: 133175
srate: 250
xmin: 0
xmax: 532.6960
times: []
data: [33x133175 gingle]
icaact: [33x133175 single]
% icawinv: [33x33 double]
icasphere: [33x23 double]
icaweights: [33x33 double]
TCachangind: L1X33 qJoapre]
chanlocs: [1x33 struct]

urchanlocs:
chaninfo:

ref:

event:

urevent:
eventdescription:
epoch:
epochdescription:
reject:

atats:

specdata:
specicaact:
gplinefile:
icasplinefile:
dipfit:

history:

saved:

etc:

[1x1 struct]

' common *
[1x731 struct]
[1x731 struct]
()

0]

()

[1x1 struct]
[1x1 struct]
(]

(]

"
[1x1 struct]
[1x1623 char]
—

]

v

G000 @
000 0@

v

A
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Computational
Neuroscience
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English > MATLAB

N ey

¢
\’z

Source activation = unmixing * Channel data

Channel data = mixing (topo) * Source activation

EEG.1caact = (EEG.icaweights*EEG.i1casphere) * EEG.data

EEG.data = EEG.icawinv * EEG.1icaact
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eoce

__#2: fal

Filename
Channels
Frames p
Epochs
Events
Sampling
Epoch st
Epoch en
Referenc
Channel
ICA weiqg

Dataset

A convenient ‘trick’...

EEGLAB v13.1.1

File Edit Imu Plot Study Datasets Help

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 continuous rejection
Automatic epoch rejection

Reject data epochs >
Reject data using ICA

LT
)
Swartz 757
Center for

Computational
Neuroscience

Use

to survey components

‘Reject components by map’

Reject components by map

CleanLine

Linear MOdeling 1.0 > |
PACT >
AMICA >

Clean continuous data using ASR

Locate dipoles using DIPFIT 2.x  »

firstPassOutlierTrimmer

SIFT >

Reject data (all methods)
Reject by inspection

Reject extreme values

Reject by linear trend/variance
Reject by probability

Reject by kurtosis

Reject by spectra

Export marks to data reject

Reject marked epochs

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John Iversen— Evaluating ICA components
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An interactive overview of ICs

@ ® Reject components by map - pop_selectcomps() (dataset: faces_4 continuous face epochs)

} Cancel ‘ Set threhsolds See comp. .. See projection ‘ Help ‘ } OK ‘

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John Iversen— Evaluating ICA components
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Step 0: Quality of Decomposition

©

View Insert Tools Desktop Window Help

s yQaQOe || 0B|=0

BAD ICA Components ICA Components
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Examining IC Properties

Reject components b

selectcomps() (dataset: faces_4 continuous face epochs)

Computational
Neuroscience

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John lversen— Evaluating ICA components

e N MM
N - o
[ NN pop_prop() - Component 3 properties
File Edit View Insert Tools Desktop Window Help
IC3 IC3 activity (global offset 0.253)
o ) na : e
: IR 4: v ‘, j_ 26
@ 40Q ﬂt'-"“ X i m" ot
:‘lf A ‘ THEN 0
= l;I‘ ‘ ’ ”.iH I
ffdi! -2.6
?,,r (1] 1' '.,.'Jll"‘ ik 4
i [I— AL T -5.1
2 r—-—h—-&
-1000 0 1000
Time (ms)
- Activity power spectrum
P
=
C\l} 0
=
=
= -10
L
x
o
=20
g | | l |
5 10 20 30 40
3 Frequen Hz
Settensods|  [Seecoill sueneytie)
= Cancel Values @CCEP I HELP OK
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| e0e EEGLAB v13.1.1

|
File Edit Toolsmsmdy Datasets Help

___#2:faces_41 Channellocations >
Channel data (scroll)
Filename: none Channel spectra and maps

Channels per framl  Channel properties
Frames per epoch | Channel ERP image
Epoche Channel ERPs >
Eyents ERP map series >
Sum/Compare ERPs

Sampling rate (Hz|

Epoch start (sec)

Epoch end (sec) Component activations (scroll)
Reference Component spectra and maps
Channel locations Component maps >

ICA weights Component properties

bataset size (M) Component ERP image

| —— Component ERPs >
— Sum/Compare comp. ERPs
Data statistics >

Time-frequency transforms >

|C Topography
topoplot ()

IC Properties

[ NON pop_prop() - Component 3 properties

File Edit View “insert—7o00ls Desktop Window Help

IC3 IC3 activity (global offset 0.253)
AL TR

Rl ipe!
2 (% A ‘hl Ay 256
AR, 175 : ’
100 T | o

-

A j 0
< AT i 1ol
[= . '\Ilq !i ! ! ”}I-l‘
’\4" ] ' § T 1)
G -2.6
VL 1 T 11
- o 101 { 1' - 2| IV R i 51
-2 rw-' 'Jh w - -
-1000 0 1000
Time (ms)

Activity power spectrum

| | | |
10 20 30 40
Frequency (Hz)

Cancel Values @CCEP I HELP OK

Power 10'log, (1 V*/Hz)

m
Sww y

Cente
Compumlonal
Neuroscience

ERP Image
&
ERP

erpimage ()

Power Spectrum
spectopo()
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Click to expand...

W
Computaﬂonal
Neuroscience

[ NON ) pop_prop() - Component 3 properties
File Edit View Insert Tools Desktop Window Help
IC3 IC3 activity (global offset 0.253)
"‘.ﬂl T«f","; i.‘lt Q?""!?é;;:v;;:; .;x'.‘::, 51
o ; TR . | "'.,;:‘ ‘{ 26
o 100 ‘bw,\ i ‘&q\}‘!ﬁ' !
5 100 et i & T e
= % ‘lil 8L ' EHI ,'.' '
"‘, iRl et iR 0 Sl B0 6
0 L
c “['.,l i P AR el SE
] -1000 0 R\ il |
@0 e Figure 4 -
File Edit View Insert Tools Desktop Window Help
» Ddde WINMIODORA- @ 0E a@
Many plot panels in EEGLAB will
5_ 3
Expand when clicked on!
i W/\’JW‘V
-2 -
|
-1000 0 Tlme (mS) 1000
19
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Part 2

Classifying/Evaluating ICs
Eye Artifacts
Muscle Artifacts
Other Artifacts
Brain ICs

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John Iversen— Evaluating ICA components
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Evaluating ICs

Over time, most EEGLAB users develop a heuristic sense of which ICs
might be brain vs. artifact.

Heuristics are generally based on:
Topography
Component Activities (scroll)
ERP

Power Spectrum

|C Classification is typically used to ‘clean’ data—study likely brain
activity without artifacts

There are some efforts to automate this process, but doing it by hand is
a good place to start to build intuition
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Topography

[ NON ) Reject components by map - pop_selectcomps() (dataset: faces_4 continuous face epochs)
¢ || | |

" Cancel ‘

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John Iversen— Evaluating ICA components
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IC 4 — eyeblink

TN

Swarlz 4

Center for
Computational

— —— Sporadic large
File Edit View Insert Tod biphasic pulses
IC4 IC4 activity (global offset 0.247)

A=

Classic frontal g 100 a
eye-blink topography
2
L 2 ;
-1000 0 1000

Activity power That may y et be

[ JON ) Figure 8

10 20 30 40

1000 0 1r;nn
Frequency (Hz)

But: highly variable (erpalpha=0.01) (Vaiues ) ACCEPT [ HELP | oK |
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Plot > Component Activations (scroll)

S

Scroll component activities -- eegplot()

"W Figure Display Help

Time range to display ‘
Number of channels to display
% Channel labels > 2 = 8 2% 82 ® 3% Norm
< e = @ i 5 o oo .
__“  Zoom off/on p £ :_" ks — el %
Events > : :
1 ey e
| | I |
I I
2 MWM‘vv@MN : e et M‘i’
I I I I
I I | |
3 i i for by M"“I’WW e Wu
| I | I
1 1 ! MMt
T ST VPO WW-N‘A‘F’MWL "V/— "“"4'.,.-.
| | | I
| I | |
i T L T aatihes L PR U
] I I ]
(S SRy Y |1 W E_ i —“WWMWWNWWM
I I I I
I I I I
7 T e Tt e WWMWWWW“ ittt iy
I I | I
8 ey e -’E—v—-.-ﬂu—u- WWWWW:WW -, e - %.:l._._._ =V L, Al o8
| I | |
| | | I
g from A e G e s e ) N e Rt e St S IR
I | | I 40
10 ----- e e et e E--m-ﬁ ,w#\iﬂmwhmmh,_:hmwﬁ., ,w-i U e
| . | l J | I
-500 0 50000 -100E600 O S0OM000 -10Q4E00 O SO001000 -1004E00 0O 5001000 -1004R00 O SOMOOO  -1000
: o , Chan. Time Value ,
CANCEL  Event types [<<|[<| 73 4 2198843125647 | % ) ygrb,, REJECT |
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IC 4 Activation — eyeblink
-

R .3.(_. k . S»crollli component a‘cv:tiv}i»tviéé -- eégblot()
N Figure Display Settings Help

ui] =t o <t o =t Jo— o - i} o =t
S5 S8 £t B S & = 2 B
S3 88 Sy 68 I 95 s £ 76
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biphasic pulses

z
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CANCEL  Eventtypes [<<|[<] = 73 4 2198843125647 %0 ygrh,, REJECT ]
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IC 9 -

lateral eye movement

EEGLAB Workshop SOU ABTITAT0 2010, T2y UG IVerS SN EVAIUINGCA Components

900 pbp_propO - Component 9 properties s.,ff%
3\ “""‘l:: File Edit View Insert Tools Desktop Window Help CEEE:J?SZZ‘Z:!e
ICS ICS activity (globaloffset 0035)
. 1.5
Classic frontal
0.8
eye-movement
0
topography
-0.8
15
1000 o0 0 —
File Edit View Insert Tools Desktop Window Help
- Activity power > D& W © K [ O D - >
|
‘L 0 0.3
=
- L
5 1o
= |
£ -0.4
S o0t
g | |
3 10 20 30 40
Frequency (Hz)
| Cancel | Values ACCEPT | HELP . OK |
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IC 9 Activation — lateral eye movement

! Figure

Display Settings Help

0 -1004500 O 5001000 -1004500 O 50010
Chan. Time Value
11 1913.765 0.71245 .10

01000 -1008500 0 500100
types [<<|[<| 73

Event

v

g7

n— Evaluating ICA components
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IC 12, 18 — Muscle

Narrowly spaced dipolar T
. . g@?“
Swartz
topography (consistent with . 2
SUPerﬁC|al sou r'CB) S ® 0 pop_prop() - Component 18 properties
File Edit View Insert Tools Desktop Window Help ____File Fdit View Insert Tools Desktop Window Help

Noisy ERP/ERP Image

IC18 actmty (global offset -0.008)

IC12 IC12 wﬂyg;;mmM
..-.:b' ga 1T 3

N B T Ty TR ,'::"YI:,; ,.',.:.,". . 0.91
fi .l',‘: :| ‘ii;l;v.” " hI 1l .' '," j " . . 045
L {7 i :' .h\ 1y l ‘l.: .I '-:-,'*:r‘."‘}
g 2 100 |'-;t-.,.f",.=‘,‘.’: R ] | 1o
= SR ,:‘ £ A
3 "-‘1"',[,; "‘“ ilg‘,:f""'"i‘ﬂﬂ"‘i'l'.""u‘: "f.’: -045
02 r‘Lll.bﬂ?% b&? e hﬁ"% h!i -0.91
: @ : . -0.2 .
. -1000 0 1000
Time (ms) Time (ms)
- _ Activity power spectrum
e e |
I I
oo -10 oo -10
Z 15 =
3 o -15F
= =
5 -20 =
5 , High frequencies dominate |5 29[ , , | ,
= =
5 10 power spectrum = 10 20 30 40
' - , Frequency (Hz)
Cancel Values @CCEP | HELP OK | ‘ Cancel Values @CCEP I HELP OK
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IC 12, 18 Activation — Muscle

‘J . ) @ Scroll component activities -- eegplot()
“"N anure Display Settings Help
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IC 17, 25 — Bad channels

\n,mq

Swﬁd o

Sporadic epoch activity
(sometimes just a single large spike)

Center for
Computatbnal
Neuroscience

| Punctate topography
\
|  (single channel) o
Component 17 map Comp ,,.. activity (g offset 0.
) e 5 e ]
o/ 8 . = /
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D\
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Activity power spectrum
. 0
s
=
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2
c ~20
o
5
30 ! | | —
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Cancel | vaigs | ACCEPT| HELP | oK |
L
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IC 2, 7 — Cardiac

gure 10
Eille  Ear  Yiew [nsert  Jools QReskiop Window Help
DeE&s& LhARAQAMS w 0B | =0

Activity power spectrum

H 2 Unusual, peaky spectrum
— (often peaks ~5, 10 Hz)

:omputational
Neuroscience

Power 10'log, 0(p\l‘IHzl

Periodic spikes (~1 / sec)

Cardiac-like topographies:
Shallow gradient =
extremely distant source Scale

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1
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Chan Time Value
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Artifacts

[ NON Reject components by map - pop_selectcomps() (dataset: faces_4 continuous face epochs)

Eye

Cardiac
Badchan

Set threhsolds See comp. s... See projection ‘ Help ‘ ‘ OK i
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Brain ICs

Computaﬂonai
Neuroscience

[ NN ) pop_prop() - Component 3 properties
File Edit View Insert Tools Desktop Window Help

IC3 IC3 activity (global offset 0.253) 1

Strongly task-related
ERP Image & ERP

100 BERLTTE

Trials

Classic occipital
topography

-1000 0 1000
Time (ms)

Activity power spectrum

10 Hz Alpha peak

o O

N
o
T

| | ] |
10 20 30 40
Frequency (Hz)

| Cancel | Values ACCEPT] ( HELP | | OK |

Power 10"log,. (n V*/Hz)
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Dipole orientation matters
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Brain ICs

Swar}z S |

\\ ‘*.—‘A/ Center for

" / Computallonal
"Z’ Neuroscience
[ NN ) pop_prop() - Component 1 properties

File Edit View Insert Tools Desktop Window Help

IC1 IC1 activity (global offset 0.495)
I A
e S Ry Strongly task-related
Classic radial-dipole £ 1005,{__;':?3; el
P S .“‘.’*ﬁt’, T 4 ERP Image & ERP
source '%:Jw ,m e
topography sf A
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Brain ICs

2 M |
- Swartz ?

Center for

*-“A/ Computalional
\\.’ Neuroscience
[ NN pop_prop() - Component 16 properties
File Edit View Insert Tools Desktop Window Help
. . . IC16 IC16 activit 21
Classic tangential-dipole bt B e, IR
source topography 0.38 Task-related
= 0
= ERP Image & ERP
two peaks, not as closely -0.38
spaced as muscle: 0.75
deeper
Time (ms)
Activity power spectrum
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| | | |
10 20 30 40
Frequency (Hz)
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IC Classification...so far

[ NON ) Reject components by m selectcomps() (dataset: faces_4 continuous face epochs)

s L o | o

(

Eye

Cardiac
Badchan
Brain

Set threhsolds See comp. s... See projection | Help ‘ ‘ OK ‘
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Now what...?

Part 3

Detailed look at IC properties
ERP

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John Iversen— Evaluating ICA components
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. Component ERPs
.

‘.;‘1 enter for
3 / cCo‘mp:taﬂonal
&»’ Neuroscience
r T C » j
- EEGLABVT.L7. 13!_%‘_@ BB} Figure 2: Plot > Component ERPs > In rect. array -- plotdatai_z‘ (=]
File Edit Tools Study  Datasets Help File A ~
Channel locations 4 ~ .,
—#2: Ste chs —— D& 220
Channel data (scroll) -
. R anAIeE Dzt e oans | Sternberg: Memorize epochs ERP
Filename: Channel properties 1 o AN PRSI 19
Channels Yo
Frames p Channel ERP image 2 A 20
Epochs Channel ERPs 4 3 N T 21
Events ERP map series 4 4 22
Sampling Sum/Compare ERPs 5 = 23 2
EPUCE sta Component activations (scroll) B 24 - s
Rl Component spectra and maps /
Reference 7 25
Channellg ~ C°mPonentmaps : 8 ol 26
ICA weigh Component properties o) 27
Dataset si Component ERP image 10 il ﬁ\_/' 28
Component ERPs 4 With component maps 11 29
Sum/Compare comp. ERPs With comp. maps (co 12 30
Data statistics [  Inrectangular array 13 ik 31 S
Time-frequency transforms P 14 32
Cluster datasetICs 15 33
- Component ERPs in rect. array -- pop, _plotdataO L_‘_lg‘ 16 34
Component number(s): 1:71 { +0 91 é 35
Plot title: Sternberg Memorize e;] ’ e 36 :
Yertical limits ([0 0]-= data range): j 00 [ G BT A -200 Time (ms) 496

Cancel I Help Ok |
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A step back: Electrode-level ERP

.
N -
Computational
\-x;? Neuroscience

® 0 EEGLAB v13.1.1
File Edit Tools Bdlisy Study Datasets Help
___#2:faces 41 Channellocations >
Channel data (scroll)
Filename: none Channel spectra and maps
Channels per framt  Channel properties
Izaues DEx fooch Channel ERP image

Eocchs Channel ERPs With scalp maps
Brents ERP map series > In scalp/rect. array
Sum/Compare ERPs

v

Sampling rate (Hz

Epoch start (sec)

Epoch end (sec) Component activations (scroll)
Reference Component spectra and maps ® 0 ERP data and scalp maps -- pop_timtopo()
Channel locations Component maps >
[CA weidnts Component properties Plotting time range (ms): -500 1500 ==
Dataset size (Mb) =
Component ERFimage Scalp map latencies (ms, NaN -> max-RMS) 112380 queem——
Component ERPs >
— Sum/Compare comp. ERPs Rlokitlo: BT caae sran
o Scalp map options (see >> help topoplot): ‘electrodes', 'off|
Data statistics >
Time-frequency transforms > [ Cancel | [ Ok |
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~ Traditional ERP: Time-locked activity at each channel

o X XK N B Figure 8: timtopo()
\;:; File Edit View Insert Tools Desktop Window Help
»  NEade h AP EW- 2 08 a1
112 ms 380 ms
Topography at EEG peaks are sometimes
Iatency of O called “components.”
. |‘ / Not to be confused with
0560 [Pl — \ !| ICAs Independent Components
| . (ICs)!
Al ERP at each _
S i channel
— , : ;,‘. 'l _ ks £
= Oy %z
o P
x -10} P
P
H 1 !
-500 0 500 1000 1500
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ERP at two channels

L ' Tkt
: / Computational
x\;?, Neuroscience
[ JON | EEGLAB v13.1.1
File Edit Tools g9l Study Datasets Help |
__#2:faces 41 Channellocations >
- ch | data (scroll) | NON | Figure 10: plottopo()
annel data (scro . 3 2 :
Fi Teneye: none Channel spectra and maps File Edit View Insert Tools Desktop Window Help

chamsels per fxam - Channel properties v Ddde b RKRODEW- @ 0E @
eIy HEE gueelh Channel ERP image p—

Erogia Channel ERPs > With scalp maps
Eveots ERP map series > In scalp/rect. array

faces4 face epochs

— 1

Sampling rate (Hz Sum/Compare ERPs F
Epoch start (sec)
Epoch end (sec) Component activations (scroll)
Reference Component spectra and maps
Channel locations Component maps »
HER M Component properties
bataset size (M) Component ERP image
Component ERPs >
— Sum/Compare comp. ERPs =
Data statistics >
Time-frequency transforms >
+14.7 —
@® © @ Topographic ERP plot - pop_plottopo()
Channels to plot 301 — U
Plot title faces_4 face epochs
Plot single trials [ (set=yes) 7
Plot in rect. array \! (set=yes) —— — ’
Other plot options (see help) ydir', 1 -1000
[ Cancel ) [ Ok |
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4

Definition: The data envelope
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- Definition: IC Envelope
. 7S

o N Cente

L Computational
T > Neuroscience
) Figure 11 e ST R
File Edit ¥iew |nsert Tools Desktop Window Help N
NEde | M RAIAXDDLRL- || 0E | nD

10

IC 10 Topography

1: Data Envelope !

-

g 2

5

aw iTe Envelope” -
6T walss-ssx IC 10 Activation ERP
:0.l;5 0 ll.ll]5 011 0.l15 0f2 baCk-prOJeCted

Timg; () to channels
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~ Key: Scalp ERP peaks are often the sum
‘ of multiple independent source processes

\Q-—:'

Figure 11
File Edit ¥iew |nsert Tools Desktop Window Help N
DEEde| KRRV DEL-|2|0E | mD This component accounts for
10 all of the negative scalp ERP
peak at ~150 ms, but only
some of other ERP peaks
Net PVAF: 37%
/[—=
PPAF/PVAF [ '
“% Variance 6
Accounted For” Il
LSS S
The variance of scalp | °[
EEG accountedfor | s} < e ssasx
by thls Componelnt -:.I;S l! 0.;15 0111_ ( ;ll15 0?2 0.125 0.3
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Component ERP envelope

A
AN y A% /IW] ™M N" -
W, \ WMy Mv\vvﬂ”/! ) M A J\w( \/V\ A w w\M " LY Al ) W A N : N Iy 1\ A - / :
“m’””ﬁ”uwﬁ L A Ve g i, oy g sl Y il
W

Datasets Help

A

Swartz 727
I Center for
Computational

Neuroscience

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

Data statistics 4

With component maps
With comp. maps (compare)
In rectangular array

Time-frequency transforms P
Cluster dataset ICs
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ERP peak- and IC Component-topographies

} Cancel ‘ Set threhsolds See comp. .. See projection ‘ Help ‘ } OK ‘

[
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Component 3 ERP envelope

o
, Sw?’t:?ij
e Center

Computational
\\3’ Neuroscience

[ NON ] Plot component and ERP envelopes -- pop_envtopo()
Enter time range (in ms) to plot: -500 1500 <
Enter time range (in ms) to rank component contributions: 01500 o
Number of largest contributing components to plot (7): IR
{ @ :
Else plot these component numbers only (Ex: 2:4,7): 3 L 0@ Figure 10
Component numbers to remove from data before plotting: ~ File Edit View Insert Tools Desktop Window Help
ol = :A = o
Plot title: IC|3 of faces_4 face epochs . _"l u H : é % % & § :.' @ -Q - @y |:| IE =) @
Optional topoplot() and envtopo() arguments: ‘electrodes’, off'
IC 3 of faces_4 face epochs
[ Cancel |

Channel ERP

Polenfal (uW)

ppaf §.51%

1 1

-0.5 0 0.5 1 1.5
Time (s)
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Component 1 ERP envelope

® O

(s \
Sw‘a%r&, i )
Center

Computational
euroscience

Figure 11

File

Edit

View

Insert Tools

Desktop Window Help

- \ B B M
B J - d 2 [% v % N

DEW- 32 08E @

Poenial (u\?
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Component | of faces_4 face epochs

Channel ERP

ppaf 51.60%

n Note: IC Envelope can exceed
the data envelope: Other component(s)
have opposite sign at this latency.
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Component 1 + 3 ERP envelope

Else plot these component numbers only (Ex: 2:4,7): 13

@00 Figure 10
File Edit View Insert Tools Desktop Window Help

» DEde b RAUDEW- 8 0E n O
IG1 &3 offaces_4 face epochs

15 F

10 F

1
-
. L]
v
.
4
[
" 4
-
B
]
- '

Polenial (u\

-10

el ppaf 64.33%

— NN N

-0.5 0 0.5
Time (s)

EEGLAB Workshop XXI, April 4-8, 2016, Italy —John Iversen— Evaluating ICA components

/Do

Swartz 757/

Center for
Computational
euroscience

50



aftopo plugin (Makoto Miyakoshi)

[ NON ] pop_pvaftopo()
File Edit View Insert Tools Desktop Window Help

e
“~ell

\
» DEde b ARAUDEA- S 0E =D |
| n
Percent variance accounted for by IC 3 L Cﬁmpuml:)nal
euroscience
40
35
30
25
[ NON | pop_pvaftopo()
File Edit View Insert Tools Desktop Window Help 420
» Dade M RA0PEW- 2 0E =D
15
Percent variance accounted for by IC 1
70 10
60 {5
50 =
! )
\ Max PVAF 40% | D
40

o

Note: However PVAF is s calculated over entlre signal duration.
PVAF at times of peaks often higher, but still typically not 100%.
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Top 6 IC contributions to data ERP envelope

- "
N e C
e omputational

7 Neuroscience
g e

File Edit Tools I:Bl Study  Datasets Help ¥ [ NN ) Figure 3
#9- St Channel locations » h File Edit View Insert Tools Desktop Window Help
—#2. Slel Chs — — =
Channel data (scroll) » NEade b RKA09EHW- 2 0HE @
. Channel spectra and maps
EILeannanrgles: Channel properties Largest ERP components of faces_4 face epochs
Frames pe Channel ERP image
Epnchs Channel ERPs »
Events ERP map series 4

Sampling | Sum/Compare ERPs
EpUCh sta Component activations (scroll)

Epoch enc Component spectra and maps
S Component maps »
Channel Ic - ;

ICA weight Component properties
Dataset si Component ERP image

Component ERPs »| With component maps

Sum/Compare comp. ERPs ’ With comp. maps (com

Data statistics )| In rectangular array %
- SEESTY LSS SN PSS Sy e LV—] ) :
[ JON ) Plot component and ERP envelopes -- pop_envtopo() .E
- &
Enter time range (in ms) to plot: 500 1500 e e
Enter time range (in ms) to rank component contributions: 01500 g
Number of largest contributing components to plot (7): [ — el ppaf 94 48% ]
Else plot these component numbers only (Ex: 2:4,7): |
Component numbers to remove from data before plotting: 1 1
Plot title: Largest ERP components of -0.5 I} 0.5 1 1.5
Optional topoplot() and envtopo() arguments: ‘electrodes', off' Time (s)
(_ Cancel ) [ Ok
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Non-artifact IC contrib. to data ERP envelope

‘ IOT PIUI. UHIGOT UUIIIPUI IGIHIL TIUWNTNIVGIO VI Ily \I—l\- L.‘T,l’. ArtifaCt
Components
. Component numbers to remove from data before plotting: 24579121718 29 pone
- i ol
- Plot title: Largest non-artifact ERP compor
[ NN Figure 3
File Edit View Insert Tools Desktop Window Help
» DEade b ARRO0P9EW- 2 08 @O
Largest ERP components of faces_4 face epochs
3 2 ) ] 1 4
=
=
2
8
&
e | ppaf 94.48% i
-0.5 0 05 i 1.5
Time (s)
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Non-artifact IC contrib. to data ERP envelope

LIOT MIVL LITOT LUITIPUIITIIL TIUWHTIVTGIO VI lly \=A. &.7Ty 1 ).

Artifact
Component numbers to remove from data before plotting: 2457912171825 | Components

&' Plot title: Laraest non-artifact ERP compor

[ NN Figure 2
File Edit View Insert Tools Desktop Window Help

» DEde® M ALOBDEW- 2 08 aO

Largest non-artifact ERP components of faces_4 face epochs

3 g b 15 19 % 1

Polenial (u\)

ppaf 69.59%

-15 F

pop_envtopo (EEG, [-500 1500] , ' Llimcontrib', [0 15001,
‘compsplot',[6], 'subcomps',[2 4 5 7 9 12 17 18 25],

'title', 'Largest non-artifact ERP components of faces 4 face epochs',...
‘electrodes’, 'off');




[ NN ) Figure 2

File Edit View Insert Tools Desktop Window Help

0O

Compare: Effect of removing artifacts

™

/. '?\-, .
Sw?d.. =
Center

Computational
Neuroscience

Figure 3

» DEde W AKILOUPDEW- @ 08 e O

File Edit View Insert Tools Desktop Window Help

Largest non-artifact ERP components of faces_4 face epochs

Pokenial (u\

ppaf 63.59%
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- IC ERP difference
.

- . . . o
What is the IC ERP difference between these 2 conditions?
"Bl Fiqure 3 el E S WY Figure 4
File File ~
DEE&E 220

DEE& »HO0

Largest ERP components of Sternberg: Ignore epochs

Largest ERP components of Sternberg: Memorize epochs

Potential (uV)

3
=
S
-
=
Q
-
o -
Q.

(Data: stern_125Hz.set)
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IC ERP difference

oy A AN s SV ot U b\ kel S e R
Center for
Computational

Neuvoscnence

y

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)

Largest ERP components of Memoriz:
‘electrodes’,'off'

Component spectra and maps
Component maps »

Component properties

Component ERP image

Component ERPs With component maps
Sum/Compare comp. ERPs With comp. maps (compare)
Data statistics »  Inrectangular array

Time-frequency transforms P
Cluster datasetICs
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IC ERP difference
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Computaﬂonal
euroscience

-
B Figure 2 E@g

File N
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Now what...?

Part 3
Detailed look at IC properties

Spectrum
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Plot component power spectrum
B ([Eeeer e DN el

Yoy,
, £p
- Epoch time range to analyze [min_ms max_ms}: 02440528 céﬂ‘,::,umm|
&‘:"" Fregquency (Hz) to analyze: i 10— —

Electrode number to analyze ([J=elec with max power; D=whole scalp): : 0

Percent data to sample (1 to 100): 20

Components to include in the analysis: ' 1:71

Number of largest-contributing components to map: 5 dl—

Else, map only these component numbers: '

[Checked] Compute comp spectra; [Unchecked] (data-comp) spectra: :

Plotting frequency range ([min max] Hz): B 225

Spectral and scalp map options (see topoplot): ‘electrodes’,'off"

r- EEGLAB v7.1.7.18b c (B Figure 2 spectopo() | E=EE )
ancel I Help
File Edit Tools file ~
; 0O & Tk
#1: St Channel locations » ! G ARERE
- Olel Channel data (scroll) ta 10.0 Hz
: Channel spectra and maps "
E‘fl'leannanrglz Channel properties
Frames pe :
Epochs e ’
Events ERP map series ’
Samphng Sum/Compare ERPs
Epocu sta Component activations (scroll)
poch enc
REEIACY Component maps
Channel |
ICA weigh Component properties :
Dataset si Component ERP image e == — e
_omponent ERPs > :
: il By default, plots topographies
TEDEL ) I for frequency of largest peak
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el

Select the frequency for topographies

.
B EEGLAB v7.1.7.18b

Frequency (Hz) to analyze:

Number of largest-contributing components to map:
Else, map only these component numbers:

Plotting frequency range ([min max] Hz):
Spectral and scalp map options (see topoplot):

I Hel

[Checked] Compute comp spectra; [Unchecked) (data-comp) spectra:

Electrode number to analyze ([]=elec with max power; O=whole scalp):
Percent data to sample (1 to 100):
Components to include in the analysis:

|

Epoch time range to analyze [min_ms max_ms]:

E=EES)

0 2440528
6

0
20
1:71

225

‘electrodes’,'off'

m
Sww y

ente
Computational
Neuroscience

.
u Figure 2: spectopol()

=@ % |

Cancel
File Edit Tools
: " Channel locations 4 ‘
#1 2 Stel Channel data (scroll) Ia
Channel spectra and maps
Filename: Channel properties
Channels , S
Framespe |
Epochs <
Events ERP map serie >
Sampling |

EpDCh Sta; Component activations (scroll)
EPOCh ENC s
| omponent spectra and maps
Reference
Channel Ic .
[ERUUEI| Component properties
Dataset si

Component maps »

Data statistics 4
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Now what...?

Part 3
Detailed look at IC properties

ERP images
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Component ERP image

Mg NI s ar N l\“f\“\ AW WMy, 1 i g
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Swartz
Center for
Compulational
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Help

Channel locations

Channel data (scroll)
Channel spectra and maps

Channel properties

Channel ERP image

Channel ERPs »
ERP map series 4
Sum/Compare ERPs

Component activations (scroll)

Component spectra and maps
Component maps L4
Component properties

Component ERP image

Component ERPs
Sum/Compare comp. ERPs
Data statistics

Time-frequency transforms
Cluster datasetICs
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Trial 1

Trial 2

Trial 3

Trial 4
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ERP Image basics
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ERP Images: smoothing across trials
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Component ERP Image: Sort by RT
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Component ERP Image: Sort by RT
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Component ERP Images: Sort by phase
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Component ERP Images: ITC
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Component ERP Images: Sort by amplitude

Figure 3: erpimage()
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Component ERP Images: Amplitude vs. Activations
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Now what...?

Part 3
Detailed look at IC properties

ERSP
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Definition: ERSP

Event Related Spectral Perturbation

Change in power in different frequency bands relative to
a baseline. ERS , ERD
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Plot IC ERSP
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Plot IC ERSP
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Further Resources

Some attempts to automate the IC classification:

“Automatic Classification of Artifactual ICA-Components for Artifact
Removal in EEG Signals”

Irene Winkler, Stefan Haufe and Michael Tangermann (2011)

http://www.behavioralandbrainfunctions.com/content/7/1/30

Bigdely-Shamlo’s EyeCatch (2013)

https://www.researchgate.net/publication/257602145 EyeCatch_Data-
mining_over_half a million EEG_independent components to construct a fully-
automated eye-component_detector

Luca Pion-Tonachini (ongoing)
Crowd-sourcing heuristic knowledge about IC components to build automatic classifier
We'll play the game later: http://reaching.ucsd.edu:8000
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