Independent component analysis

applied to biophysical time series
and EEG

Arnaud Delorme



ICA and PCA

ICA is a method to recover a version, of the original sources by multiplying the data
by @ unmixing matrix,
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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 minxing matrix.



binning

Central limit theorem

Scalp channels =
linear mixture of A and B
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Data ICA activity U
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Independent components of EEG/ERP

10 Target responses

Maximum entropy rotation

EEGLAB Workshop, June



ICA/EEG Assumptions

« Mixing is linear at electrodes OK

* Propagation delays are OK
negligible

« Component time courses are ~
Independent

 Number of components less
than the number of channels.

ICA limit

Contribution
to EEG

EEGLAB Workshop, Junc - Number of independent components



Characteristics of

Independent Component of
the EEG

* Artifacts

« Stimulus-locked activity

* Response-locked activity

* Non-phase locked activity

* Event-modulated oscillatory activity

* Overlapping Maps and Spectra
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Temporal ICA

ICA activity U
U, Uy U, > « Comp. 1
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X=W-1U
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w;lz W;13 ”1,1W3_,11 +u2,1W3_,12 +”3,1W3_,13 u1,2W3_,11 +”2,2W3_,12 +”3,2W3_,l3 < Chan 3
Inverse weight matrix \W-1 Data X (EEG/MEG time series)

Spatial ICA
|ICA activity U

« Comp. 1

« Comp. 2

«~ Comp. 3
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Inverse weight matrix W-1 Data X (EEG/MEG voxel activities)



ICA Decomposition into Independent Components

EEG Scalp Data
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Selective Projection onto Scalp Channels
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|CA-based Artifact Removal
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Subjects
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Artifact removal using ICA

Raw data

After artefact removal
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A P3f cluster map Eye artifact cluster map
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Does removing ICA adulterate the
phase of the EEG signal?
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ICA Reconstruction to Remove Artifact Adulterates EEG Phase & Coherence

3,817 views

Robert Thatcher
Published on Nov 24, 2014
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Independent Component Analysis (ICA) Reconstruction to remove artifact Adulterates EEG
phase & Coherence & invalidates any subsequent analyses
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“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

EEGLAB v6.0b Option Default Comments
File Edit BGEGIEN Plot Datasets Help N
_ 4q.{ Change sampiing rate \s ‘extended’ 0 1 is recommended to
: Filter the data » find sub-gaussians
Filena Re'-referen'ce t
Chan| _ Reject continuous data by eye ‘stop’ 1e-7 final weight change = stop
Frame  Extract epochs
Epoch

Remowve baseline

Event ‘Irate’ determined too small - too long...

| RunlcA
SR Run ICA from data too large - wts blow up

Epocl  Remove components

Epock . . ¢ )

A':era Automatic epoch rejection maxsteps 512 more channels = more steps
Chan Reject data epochs »

g:;\a‘i: Reject data using ICA » ‘pca’ 0 or Decompose only 3

Locate dipoles using BESA »

EEG.nbchan  principal data subspace

Locate dipoles using DIPFIT 2.x P

Laplacian »
FMRIB Tools 4 .
— Other algorithms:
Run ICA decomposition -- pop_runica() binica,amica,sobi,acsobiro
PCA plugir ICA algorithm to use (click to select) runica =
Commandline options (See help messages) EStEE AR TE O ]
Channel type(s)or channel indices | .. types | ... channels |

Cancel | Help | Ok |




Runica progress...

v =
Press Button to interupt runica

Interupt | —
'~ [ 2222 tzea I

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 B000 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 I

Training will end when wchange < 1e-07 or after 512 steps, step 242 - lrate 0,000001, uchange 0,00000051,
Online bias adjustment will be used. step 243 - lrate 0,000001, wchange 0,00000057,
Removing mean of each channel .., step 244 - lrate 0,000001, wchange 0,00000054,
Final training data range: -171,806 to 179,094 step 245 - lrate 0,000001, wchange 0,00000055,
Computing the sphering matrix,,, step 246 - lrate 0,000001, wchange 0,00000047,

Sphering the data ...

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

step 1 - lrate 0,001000, uchange 16.85061324, angledelta 0.0 deg S o liate 0000 e 00000005
step 2 - lrate 0,001000, wchange 0,26760405, angledelta 0,0 deg step 252 - lrate 0,000001, wchange 0,00000023,
step 3 - lrate 0,001000, wchange 0,79058323, angledelta 104,0 deq step 253 - lrate 0,000001, wchange 0,00000030,
step 4 - lrate 0,000980, wchange 0,66700031, angledelta 147.2 deg step 254 - lrate 0,000001, wchange 0,00000023,
step 5 - lrate 0,000960, wchange 0,62849071, angledelta 146.5 deg step 255 - lrate 0,000001, wchange 0,00000023,
step 6 - lrate 0,000941, wchange 0,73967355, angledelta 150,7 deg step 256 - lrate 0,000001, wchange 0,00000023,
step 7 - lrate 0,000922, wchange 0,73727229, angledelta 151,65 deg ztgp gg; - {:gtz gggggg% xgnzzgz ggggggg%
Step 8 - lr‘ate 0.000904, wchange 0.?405138?, angledelta 13?.9 deg StEE 959 - lrate 0'000001’ wchange 0’00000019'
step 9 - lrate 0,000886, wchange 0,74536137, angledelta 156.0 deg step 260 - lrate 0.000001. wchange 0.00000015,

step 10 - lrate 0,000868, wchange 0,72101402, angledelta 143,7 deg step 261 - lrate 0,000001, wchange 0,00000014,
step 11 - lrate 0,000851, wchange 0,14630114, angledelta 102.5 deg step 262 - lrate 0,000001, wchange 0,00000014,
step 12 - lrate 0,000834, wchange 0,11822100, angledelta 114,32 deg step 263 - lrate 0,000001, wchange 0,00000013,

step 13 - lrate 0,000817, wchange 0,75552966, angledelta 100,56 deg step 264 - lrate 0,000001, wchange 0,00000012,
step 14 - lrate 0,000801, wchange 0,26739750, angledelta 109,1 deg Step ggg - irate gggggg% “’CEange ggggggg%
step 15 - lrate 0,000785, wchange 0,12123251, angledelta 94,2 deg Step 257 - lrate 0.000001, wchangs 0.00000010.,
step 16 - lrate 0,000763, wchange 0,10285606, angledelta 110,7 deg step 268 - lrate 0:000001: wchange 0:00000010:
step 17 - lrate 0,000754, wchange 0,09770493, angledelta 118,6 deg step 269 - lrate 0,000001, wchange 0,00000008,

step 18 - lrate 0,000739, wchange 0,09544428, angledelta 117.1 deg Sorting components in descending order of mean

Permuting the activation wave forms ..,

step 241 - lrate 0,000002, wchange 0,00000082,

step 248 - lrate 0,000001, wchange 0,00000045,
step 249 - lrate 0,000001, wchange 0,00000041,

=1k

angledelta 101,5 deg
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 deg
angledelta 95,5 deg
angledelta 92,1 deg
angledelta 97.4 deg
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 95,0 deg
angledelta 98,3 deg
angledelta 99,0 deg
angledelta 94,3 deg
angledelta 95,4 deg
angledelta 94,1 deg
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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ICA weights in EEG structure

Edit View Terminal

>> EEG

EEG

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

srate:

xmin:

Xmax:

times:

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

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

etc:

Terminal

Tabs Help

'‘faces_4 continuocus'
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' /home/julie/workshop06/ "'
v

v

[]
[15x48 char]

75 single]
75 single]
double]
double]
double]

I gsunTe]
[1x23 struct]
[]

[1x1 struct]

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

[]

{}

[1x1 struct]
[1x1 struct]
[]
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Plot ICA scalp maps

-
B v o
File Edit Tools Datasets Help
#3: St Channel locations »
- ole Channel data (scroll) s
: Channel spectra and maps
El:'leannanngles; Channel properties
Frames p Channel ERP image
Epochs Channel ERPs »
Events ERP map series 4
Sampling |  Sum/Compare ERPs
Epoch sta Component activations (scroll)
omponent spectra and maps
Epfnch enc . : 3 dmaps |
N Componentmaps ¥ _in2D |
ICA weigh Component properties ’ In3-D
Dataset si Component ERP image
Component ERPs »
-
u Plot component scalp maps in 2-D -- pop_topoplotl E]_'
Component numbers 1:12

(negate index to invert component polarity; Nal -= empty subplot; Ex: -4 Man 3)

Plat title Sternberg Rej Chan epoch
Plot geometry (rowws col.); [] -= near square i
Plot associsted dipole(s) (if present) (]

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

‘electrodes’, 'off'

Cancel Help

v
File Edit View Insert Tools Desktop Window Help
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Compare 'good' and 'bad’ scalp maps

Yiew |nsert Tools Desktop Window Help
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File

—#1: faces

Edit Tools

Filename: ...
Channels pe
Frames per ¢
Epochs
Events
Sampling rat
Epoch start {
Epoch end (s
Average refe
Channel locz
ICA weights
Dataset size

Scroll component activities

EEGLAB v6.0b

Datasets Help

% Scroll component activities - eegplot() - 0 X

Figure Display Settings Help

Channel locations

111 112 113 114 115

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

ERP map series
SumjfCompare ERPs

Component activations (scroll)

Component spectra and maps

Component maps
Component properties
Component ERP image
Component ERPs
SumjfCompare comp. ERPs
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Data statistics
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Time-frequency transforms
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Awverage time-frequency
Cluster dataset ICs

Chan. Time Yalue

]

Time periods that are not independent across ICs

should be removed and ICA run again for better decomposition



Plot ICA component properties
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e
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Data statistics 4 i Time (ms)
Time-f 1 if » -
me-Trequency transtorms Activity power spectrum
Average time-frequency
Cluster dataset ICs . 0
m
=
:: Component properties — po . [ X i 10
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Component number to plot: =
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Removing Artifactual Components

54



Reviewing component properties

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




|C Classification...so far

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

1 S N[ 5 ([ ¢ |

Eye

Cardiac
Badchan
Brain

Set threhsolds See comp. s... See projection ’ Help ‘ ‘ OK ‘
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(v Component 4 properties

File Edit View Insert Tools Window Help
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« .
% Component 9 properties

File Edit View Insert Tools

Window Help

Component 9 map

Component 9 activity (global offset 0.026)
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Eye blink correction
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Eye blink correction
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Component ERPs
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A step back: Electrode-level ERP
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Traditional ERP: Time-locked activity at each channel
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10

Data (all cha

Potential (uV)

T

nnels)

300 400 500

200 0 900
Time (ms)
10 I | T I | I | T I
Data envelope
= (max/min traces)
Al ]
=
©
=
Q o
g .
\
-?OO 6 160 260 360 460 560 660 760 860 900

Time (ms)



Definition: IC Envelope
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Key: Scalp ERP peaks are often the sum
of multiple independent source processes

Figure 11
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IC contributions to ERP envelope

Plot component and ERP envelope

Enter time range (in ms) to plot: —-100 1000
Enter time range (in ms) to rank component contributions: 0600
Number of largest contributing components to plot {(1-20): 6

Else plot these component numbers only (<21)(Ex: 2:4,7):
Component numbers to remove from data before plotting:
Plot title:

Optional topoplot() and spectopo() arguments:

ERP components of faces_4 epochs
‘electrodes’, 'of '

~ WX —
rll R AN AL ‘ _— .:-Ig File Edit View Insert Tools Desktop Window Help
File Edit Toolsm' Datasets Help k. Dﬁﬂ§|%|@laﬂ@|@|ﬂlﬁlﬁﬂ

Channel locations

—#2: Stel ' chs —

Channel data (scroll)

Largest ERP components of faces_4 epochs

: Channel spectra and maps
Filename:

Channels

3 2 5 6 1 4
Frames pe Channel ERP image
Epochs Channel ERPs » @ @ @- @
Events ERP map series » % I 9 +n
J B -
: o Vs e

Channel properties

Sampling | Sum/Compare ERPs

EpUCh sta Compaonent activations (scroll) 15 AY . i
Epoch enc

Component spectra and maps 10
Reference |

Component maps »
Channel Ic P P

ICA WEigh1 Component properties
Dataset sif  Component ERP image

Component ERPs >

LI— Sum/Compare comp. ERPs With comp. maps (comp

Data statistics »  Inrectangular array

)

Potential (uV)
h o

-
=]

Time-frequency transforms P :
Cluster datasetICs 1 1 1 ]




Component contribution to the dataset ERP
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IC ERP difference
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Plot component power
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Plot component power

=B8] %

Data statistics 4

Epoch time range to analyze [min_ms max_ms]: 0 2440528
Freguency (Hz) to analyze: 6
Electrode number to analyze ([J=elec with max power; O=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
Else, map only these component numbers:
[Checked] Compute comp spectra; [Unchecked) (data-comp) spectra:
Plotting frequency range ([min max] Hz): 225
Spectral and scalp map options (see topoplot): f u Figure 2: spectopof()
i File
B EEGLAB v7.1.7.18b = | — —
—— Ded& &9 0
File Edit Tools
. Channel locations » k 6 1 HZ
#1 . Stel Channel data (scroll) a 7 4
Channel spectra and maps %

Filename: Channel properties @

Channels L

Frames pe = =R

Epochs 212 ;

Events ERP erie ’ 20-

Sampling e ERP

EpUCh sta Component activations (scroll)

Epoch enc

Reference - <

Channel Ic ponent maps

ICA weigh Component properties

Dataset si ent ERP :




Component ERP image
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ERP Image basics
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ERP Image basics
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ERP Images: smoothing across trials
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Component ERP Images
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Component ERP Images

Component ERPimage -- pop_erpimage()

Component(s) | 3
Project to channel # | Figure title |
Smoothing | 10 W Plot scalp map
Downsampling | 1 W Plot ERP ERP limits
Time limits (ms) | -800 1000 W Plot colorbar Color limits {see Help) |
Sort/align trials by epoch event values ) T —,
_enttina.fi Event tj = :
|Epo<:h sorting field | [ Event type(s) | |ven ' File Edit View Inset Tools Desktop Window Help N
Ded& k| aRaAM®|E| 0E8|s O
Sort trials by phase
Frequency {1z | minkz maxHz) Percent low-amp. 1
| 10 12 | Tipng
350 2 = 1. e
Inter-trial coherence options " § =@z 3 L', T - s 4
Frequency (Hz | minHz maxHz) Signif. level (<0.2 300 = 1. 4 | 5
L - _ 5
| | y s 3 = | P
Eﬁ ZalE- & : » s t '3
Other options [= . R’ - 3.5 ;
Plot spectrum (minHz maxHz) Baseline ampl. (dB) E 00 3 R j N
= - g - . z 5
| | 5 150 R e e f Tl .
© pey -
Cancel | & 100k ST & ?, $: 3 2 - 3 g 11
50 F £ ]
. L 1 ' I- ‘ : I:' 1 1 l' - F _2 'I
Phase-sorted image | - '
--c:=====-=--=r-"-‘*"Z}xz:E“"===-IRENCNV“C==::’C
-1.7
1 1 1 1 1 1 1 J
-600 -600 -400 -200 0 200 400 600 00 1000
Time (ms)




Component ERP Images
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ICLabel website

Q

ICLabel project: create automated EEG IC classifier (labeler)

https://labeling.ucsd.edu/tutorial

vast collection of datasets.
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ICLabel website — Label feedback
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Exercise

- Start eeglab

- Load dataset stern_125.set (in EEG_data folder)
- Run ICA (already done for this dataset)

- From the GUI, plot component ERPs with maps

- Pick an interesting IC and plot an ERP image of it

- Try sorting by phase, is there any relationship to the IC

activation pattern? What about power in a frequency
band of choice?



