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1 Preparations



Preparations

e ... please start unzipping your BCILAB
distribution file to some directory on your disk
if you haven’t done so already.

e Should take 5-10 minutes (if you’re on
Windows, try to use 7-zip or WinZip/WinRAR).

e Don’t put it inside the EEGLAB folder (BCILAB
includes an EEGLAB distribution).



System requirements

MATLAB 2008a+
1GB+ RAM (better: 2GB+)
Windows, Linux, or Mac

For smooth workshop: No toolboxes in MATLAB path other
than Mathworks toolboxes (or EEGLAB)

To use certain additional features (not covered today):
Signal Processing Toolbox, Statistics Toolbox

To use certain advanced features (also not covered today):
Correct MEX compiler setting (this requires Microsoft Visual
C++ Express under Win64 and Xcode/gcc under Mac)



Note: When Processing
your own Data

 Note the following requirements:

— You need proper channel labels (usually the 10-20
labels); 3d locations not necessary

— You need event markers in your data at time
points where the BCI should predict outputs

— BCILAB needs raw (unprocessed) data

— Make sure you have a file format supported by
EEGLAB Rawr!
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Clearing the Path

J MATLAE 7.9.0 (R2009h)

File Edit Debug Parallel Desktop Window Help

Mew

Cpen... Ctrl+0
Close Command Window Ctrl+w
Import Data...

Save Workspace As... Ctrl+5

Preferences...

ard shortcuts

hortcuts, use

Page Setup...
Print...

Frint Selection. ..

Ctrl+P

t =mettings by
lg=" drop-down

t want to see

1 C:\...pts\tutorial_erp1.m

2 C:\.. . \workshop_script2.m

3 C:\...s\workshop_script.m

4 C:\...ndencies\save Zpdf.m

Exit MATLAE

ctrl+Q

L ﬁ ﬂ | (7] |CurrentFuIder:IC:'n,l_lsers'n,mrisﬁan'n,D
——————————————————

| shortcuts, such as Ctrl+5, are nc

have changed for img

Preferences. From tI

selecting "R200%a Wi
li=t. For more infom

thiz message again.
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All changes take effect immediately.

MATLAB search path:

Add Folder... l C:\WsersichristianDocuments\MATLAB
| C:\DEVEL
Add with Subfolders. .. | | C:\Program Files\MATLAB'R 2009k toolbox \matab\gener:

; C:\Program Files\MATLAB'R 2009b\toolbox\matiab\ops

;) C:\Program Files\MATLABR 2009b toolbox \matiabYang

; C:\Program Files\MATLAB'R 20090 toolbox \matlabelmat

) C:\Program Files\MATLAB\R 2009b toolbox \matlabrandfu

Maowve to Top |
Move Up | ;) Ci\Program Files\MATLAB'R 2009b\toolbox\matiabelfun

;) C:\Program Files\MATLAB'R.2009b\toolbox \matlab\specfu
; C:\Program Files\MATLAB'R 2009b\toolbox \matiab\matfur
) C:VProgram Files\MATLAB\R 2009b toolbox \matlab\datafu
J Ci\Program Files\MATLAB'R 2009b\toolbox \matiab\polyfur
) C:\Program Files\MATLAB'R.2009b\toolbox \matab\funfun

; C:\Program Files\MATLAB'R 2009b\toolbox\matlab\sparful =
Remove lI | 3
Save | Close | Revert Default Help |

Mowe Daown

Move to Bottom
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Clearing the Path

_iojx

All changes take effect immediately.

MATLAE search path:

Add Faolder. ., | . C:\sers\christianDocuments\MATLAB
. C:\DEVEL
Add with Subfolders. .. | | C:\Program Files\MATLABR 2009k toolbox imatlabgenerz
= o wimatlablops
| x
7] B
Move 1070 Do you wish to restore the default path? x\matiablelmat
If you do so, you will lose your current path settings.,  px'matlabirandfu
| woszlp ximatiablelfun
H H Mo
Move Dow | wmatlablspecfu
wimatiabmatfur
Maove to Bottom | . C:\Program Files'MATLAB'R 2009btoolbox\matiabtdatafu

. C:'\Program Files\MATLAB'R 2009k toolbox \matab\polyfur
| C:'\Program Files\MATLABYR. 2009k toolbox \matabyfunfun

. C:\Program Files'\MATLAB'R 200%9b toolbox\matiabsparful *
Remaove iI | 3
Save | Close | Revert | Default Help |




Swartz

Center for
omputational

_Ioix|

All changes take effect immediately.

MATLAE search path:

Add Folder. .. | | Ci\Jserschristian\Documents\MATLAB -
. C:'Program FilesYMATLAB'R 2009b\toolbox \matiab'\geners
Add with Subfolders... | J C:\Program Files\MATLAB'R 2009b \toolbox\matab\ops

. C:'Program Files\MATLAB'R 2009b\toalbox \matiabang
. C:'Program FilesMATLABR. 2009b \toolbox\matiabelmat

Move to Top | . C:'Program FilesMATLAB R 2009b\toolbox \matiabrandfu
. C:'Program FilesYMATLABR 2009b\toolbox \matiablelfun
Move Up | . C:'Program FilesMATLAB R 2009b\toolbox \matiabspecfu
Morve D | | C:\Program Files\MATLABR. 20090 toolbox \matlabimatfur
. C:'Program Files\MATLAB'R 2009btoolbox \matlab\datafu
Maove to Bottom | J C:\Program Files\MATLAE'R 2009b \toclbox \matlabpolyfur

. C:'Program FilesMATLAB R 2009b\toolbox \matabfunfun
. C:'Program FilesYMATLABR 2009b\toolbox \matiabsparfu

Remave | l_Il::'n,F‘n:ugr.Enm Files'|,|'~"I.-5.TL.-5.E'n,REDDQI:I'n,b:uDIbeWaﬁab'n,saibf vI
Help |

Save | Close | Revert |
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All changes take effect immediately.

MATLAE search path:

Add Folder. .. | | Ci\Jserschristian\Documents\MATLAB -
. C:'Program FilesYMATLAB'R 2009b\toolbox \matiab'\geners
Add with Subfolders... | J C:\Program Files\MATLAB'R 2009b \toolbox\matab\ops

. C:'Program Files\MATLAB'R 2009b\toalbox \matiabang
. C:'Program FilesMATLABR. 2009b \toolbox\matiabelmat

Move to Top | . C:'Program FilesMATLAB R 2009b\toolbox \matiabrandfu
. C:'Program FilesYMATLABR 2009b\toolbox \matiablelfun
Move Up | . C:'Program FilesMATLAB R 2009b\toolbox \matiabspecfu
Morve D | | C:\Program Files\MATLABR. 20090 toolbox \matlabimatfur
. C:'Program Files\MATLAB'R 2009btoolbox \matlab\datafu
Maove to Bottom | J C:\Program Files\MATLAE'R 2009b \toclbox \matlabpolyfur

. C:'Program FilesMATLAB R 2009b\toolbox \matabfunfun
. C:'Program FilesYMATLABR 2009b\toolbox \matiabsparfu

Remave | l_Il::'n,F‘n:ugr.Enm Files'|,|'~"I.-5.TL.-5.E'n,REDDQI:I'n,b:uDIbeWaﬁab'n,saibf vI
Help |

Save | Close | Revert |




o~ S
f ~
_l/ N\
\E
Swartz

Center for
Compurational
Neuroscience

Starting the Toolbox

e Type: cd C:\your\path\to\bcilab; bcilab

J MATLAB 7.9.0 (R2009b)

File Edit Debug Parallel Desktop Window Help

n_hl i | & EE) L.L% ) ™ |ﬁ ﬁ Ehl | (7] |CurrentFnIder:IC:'n,I_Isers'n,n:hrisﬁf

MATLAR desktop kevboard shortcuts, such as Ctrl+5, are
In addition, many kevyboard shortcuts have changed for
across the desktop.

To customize keyboard shortcuts, use Preferences. From
restore previous default settings by selecting "R2009a
from the "Active settings" drop-down list. For more in

Click here if yvou do not want to see this message agal

Jx »>d ed C:\Workshop'\bcilab-0.9%1-workshop: beilab




Starting the Toolbox

e Or if your path contains spaces, type:
cd('C:\your\path\to\bcilab‘); bcilab



Starting the Toolbox

 |f you have an unsupported OS/MATLAB
combination, BCILAB might ask you some
guestion about compiling functions

— Just type n (for no) to continue

e |f you have things on your MATLAB path that
override BCILAB function names, you will get
some warnings about it (it’s best to remove
them from the path)
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Starting the Toolbox

* You should now see the welcome message

M LEET LA A b helelrl Y Aol fAfhed 8 LEES  KeholIERT  Ldblhocd  BAGS L RS efle  LEESLE AellRdld BART e EFRL Rkl b LE el

Could not probe cache file =ystem speed; reason: Error using ==> =Zave
Unable to write file ‘tmp\bcilabk cache\ probe cache 1450493820 .mat: |

code is in C:\Workshop\bcilab-0.31l-workshop'\code

data iz in C:\Workshop\bcilab-0.91-workshophiuserdata
results are in C:‘\Workshop'\bcilab-0.9%1l-workshop\userdata
cache is in \tmpibcilab cache (location 1)

temp is in ‘\tmpibcilab temp

Welcome to the BCILAE toolbox!
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Starting the Toolbox

e ...and the main menu

) BCILAB 1.0 (on Jordan) — o] x|
Data Source Offline Analysis Online Analysis  Settings Help

Sk okl DL 0 sk B|?

 MATLAB 7.9.0 (R2009b)

File Edit Debug Parallel Desktop Window Help

Dﬁ|¥ BB p|h@@|@.‘|mﬁthﬂldﬁ:E

HOTE: The HMATLAE path has been updated to point
In order to use cvx regularly,

Yyou must =save th
To accomplish this, add these lines to your =ta:

addrnath crhvworkshonibhei 1ah=0.97 —wnrkshonh des
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Getting help (if needed)

I

Data Source Offline Analysis  Online Analysis  Settings | Help

l§|ﬂﬂﬁi&M|DDQGE BCI Paradigms. .. |‘@

T
Machine Learning...
Scripting b
Plugin authoring b
About...

Save bug report...

File bug report...
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e Gett|ng help (|f nQEdEd)

_iBix

File Edit WView Go Favorites Desktop Window Help L
|| o~ & - 'ﬁ'*| MATLAB File Help: code ffilters v|
FY

Contents | search Resuits | MATLAB File Help: codefilters Default Topics

@ Release Notes

1€ Instalation codeffilters

& MATLAB
: ) Contents of filters:

. @ Signal Processing Toolbox

@ Statistics Toolbox flt bandpower - Compute logarithmic bandpower features.

@ Simulink 30 Animation flt clean channels - Remove channels with abnormal data from a continu
flt clean peaks — Project local peaks out of the data (blinks, musc
flt clean settings — Clean EEG data according to a particular cleaning
flt clean spikes - Set outlier samples in the data to zZero.
flt clean windows — Femowve pericds of abnormal data from continucocus d
flt coherence - Calculate hetween-channel / component coherence.
flt _=og — Femowve EOG artifacts from EEG using EOG reference
flt_epochica — Apply an independent component decomposition acro
flt _epochpca — Apply a principal component decomposSition across
flt fft — Apply an FFT to sach epoch of an espoched signal |
flc fir — Filter a continuous data set by a digital FIR fil
flt fourier — Transform an epoched data set into a fourisr repr
flrt ica — Annotate the Signal with a spatial decomposition
flt iir — Filter a continuous data set by a digital IIE low
flt laplace — Applies a simple Hijorth-stvle surface laplacian £

1 minalins - MermFirmralhla nranroaccogineg ninalins Foar wmometr ROT t
ir r »

&
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=

File Edit View Go Favorites Desktop Window Help b
ISearch o 2 - wp 5 | MATLAB File Help: fit_bandpower v|
Contents | Search Results MATLAB File Help: fit_bandpower Wiew code far fit bandpower Default Topics —

@ Release Motes

g:jﬁf;“ flt_bandpower
..

@ Signal Processing Toolbox Compute logarithmwic bkandpowsr features.

--@StatisticsTonlbox [Signal,State] = flt bandpowesr (Signal, Bands, Smoothing, State)
@ Simulink 30 Animation TODO: detailed description
In: -
Signal H continuocus data sst to be filtered
Eands H bands specification:

* if all channels have the same bands, use a cell array conta
frequency bands, =.g. {[8, 101, [1Z2, 1l&], [ZZ2, 301} (in H=z)
this example creates 3 identical bands for each channel

* if wvou want indiwvidual bands for esach channel, use a
two—dimensional cell array containing the frecquency bands
(second dimension) of each channel (first dimension),

e.g. {{[7, 111, [1l3, 181, {[E&, 351}, {[12, 151, [z20, ZZ].,

this exawple creates 2 bands for the first channel, 1

band for the second channel, and 3 bands for the third ﬂ
3

mrhannas

Kl |

4




2 Offline ERP Analysis



The Data

* Provided by Grainne McLoughlin
e Contains data from a Flanker task

 Two groups of markers:
— S101, S102: person presses a button and commits no error
— S§201, S202: person presses a button and commits an error



Experimental Task

Flanker Task: The experiment consists of a
sequence of ca. 330 trials with inter-trial interval
of 2s +/- 1.5s

At the beginning of each trial, an arrow is
presented centrally (pointing either left or right)

The arrow is flanked by congruent or incongruent
“flanker” arrows:

CED¢E€

The subject is asked to press the left/right button,
according to the central arrow, and makes
frequent errors (25%)
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Loading the Data

i1 %]

|Da13 Source  Offline Analysis Online Analysis  Settings Help

Load recording(s)... Ctri+l |(SNTREEE T W] | N H, Y | = | ?

Workspace ]

Fun script. ..
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Loading the Data

) Select dataset(s) to load |

m Look in: I . userdata j = i
e se Name_~ | | Date modified | ~| Type EE
E | E g || newrecording3.set 5/14/2012 2:54PM  SET File 4,233 KB
e F=cert Places || newrecording3. fdt 5/14/2012 2:54PM  FOT File 61,421 KE
| |lastdata.set 5/6/2012 7:27 AM  SET File 2,346 KB
D | |lastdata. fdt 5faf2012 727 AM  FOT File 13 KB
Desktop L |imag.vmrk 3/18/2009 4:12 AM  VMRK File 6 KB
|__|imag,vhdr 1222007 10:51... VHDR File 6 KB
E |__|imag.eeq 1/22/2007 10:51... EEG File 88,565 KB
i . tutorial 4262012 6:36 AM  File folder

Date created: 4/26/2012 6:36 AM
Size: 354 MB
Folders: flanker_task, imag_movements1, imag_movements2

File name: - Open
Files of type: any supported file

| 4
b
i
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Loading the Data

) Select dataset(s) to load x|
-) e Lookein: [ ). tutoral -« ®BckE

w ~| Date modified

-~ | i E 4/26/2012 6:36 AM  File folder

e Recert Places | imag_movements 1 4/26/2012 6:36 AM  File folder
D .. imag_movements2 4262012 6:36 AM  File folder

Mame =

flanker _task

Desltop

Libraries

|E;§
Computer

File name: - Open
Files of type: any supported file Cancel

| 4
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Loading the Data

) Select dataset(s) to load x|

Look in: I . flanker_task j e ¥ -

Mame = |~r| Date modified |~r| Type |~r| Size |~r|
|| 12-08-001_ERM.eeg 6/6/20115:37PM  EEG File 47,895 KB
|| 12-08-001_ERM.vhdr 66,2011 5:37PM VYHOR. File 9 KB
|| 12-08-001_ERM.vmrk 662011 5:37 PM VIMRLE File 26 KB
T 1208002 ERN.eeg 6/6/2011 5:37PM  EEG File 47,094 kB
. 12-08-002_ERM.vhdr 662011 5:37 FM VHDR. File 9 KB
—TORODI DR £l£/011 €37PM  YMRK File 26 KB
linfo.bxt Type: VHDR File :45... TXTFile 1KB

Size: B.03 KB

Date modified: 6/6/2011 5:37 PM

Please use the file that ends in -002_ERN !!

File name: 12-028-002_ERN .vhdr - Open

Files of type: any supported file

| 4
&
i




- ~.
// \\.
\E
Swartz

Center for
Com putational

Confirming Import Options

i

— Optionally load data in reduced form
Dats Source Of Channel index subset

=

Sample range subset

Time range subset

Channel type subsei

— Misc options for io_loadset

Save data in workspace as | lastdata

Check data [ QK

Help |Triggerchannel_..| Add markers...| Cancel Ok




Creating a New Approach

I %]

Data Source Offline Analysis Online Analysis Settings  Help
—

SlipueB DCLEAT| sa x| 8|2
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Creating a New Approach

=10 ]

2 — Select approach
Data Source
lﬁ | ﬂ - I log-Bandpower (ParadigmBandpower) j

— Description

Basic paradigm for oscillatory processes, via per-channel logarithmic bandpower |«
(note: fairly primitive by modern standards)

The logarithmic Bandpower estimates ("log-BF) paradigm iz bazed on the design
of the original Graz Brain-Computer Interface [1][5], which used lateralized motor
imagery for control. The features exploited by this paradigm in its original form are
Event-Related Synchronization and Desynchronization [2] localized in the motor
cortex, but the paradigm iz not restricted to theze applications. Similar measures
have alzo been used in [£] athough without machine learning.

Generally, log-BP can be used as a simple methed to operate on oscillatory

processes, either in relation to events, or asynchronoushy. The paradigm is simple

in that it does not capture any complex time variatiens in the cscillations detected,

does not capture interactions between multiple frequency bands, and does not ;I

Help | [~ Full edit when done Cancel 0K
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Select an ERP Paradigm

) Define a new approach - |I:I|i|
r

SEosioiE log-Bandpower (ParadigmBandpower) j

|
1
-

]ﬂ ﬂ- log-Bandpower (ParadigmBandpower)

o Common Spatial Patterns (ParadigmCSP)

= DualAugmented Lagrangian (ParadigmD&aLl)

Low-Frequency DAL (ParadigmDALERP)

High-Frequency DAL (ParadigmDALOSC)

1 Fiter-Bank CSP (ParadigmFBCSP)

0 Multi-zubject Overcomplete Spectral Regression, work in progress (ParadigmMOSR)
Regularized Common Spatial Patterns (ParadigmRCSP)

spectrally Weighted CSP (ParadigmSpecCSP)

Spectral Means (ParadigmSpectralmeans)

|»

Windowed Means (ParadigmVWVindowmeans)
{] [From Workspace]

A [From Dizk]

| Fancy ICA (fancyica)

Windowed Means (Paradigm\Windowmeans) 1 (lastapproach)
— | log-Bandpower without SigProc toolbox (lastapproach)

Common Spatial Patterns without SigProc toolbox (lastapproach)
Low-Freguency DAL without SigProc toolbox (lastapproach) T
High-Frequency DAL without SigProc toolbox (lastapproach)
Regularized Common Spatial Patterns without SigProc toolbox (lagtapproach) ;l
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Select an ERP Paradigm

I

— Select approach

| BCILAB

L

Data Source

o I S

Windowed Means (ParadigmWVindowmeans)

— Description
Standard paradigm for glow cortical potentialz, using per-channel multi-window .
zignal averages.

The windowed means paradigm iz a general methoed for capturing =low-changing
cortical petentiale, most importanthy in reaction to events (then called Event-Related
Potentials / ERPs). t iz comprehensively described in [1]; The default parameters
match one of itz firzt applications, in [2].

The paradigm iz implemented as a seguence of signal (pre-jproce=ssing, feature
extraction and machine learing stages. Signal processing usually includes spectral
fitering (e.g., lowpass fitering) and cccasionalty =patial fittering, either for
dimensionality reduction (e.g., by selecting channelz) or for the extraction of

gpargity, independence or other feature gualities (e.g., via independent component
analysiz}). The defining property of the paradigm i= the feature extraction, in which lI

Help | [ Full edit when done Cancel oK
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Configuring the Approach

1=
Hew sampling rate of the data | 100
Epoch time window relative to the target markers ‘ | [-0.2 0.8] ‘
Frequency-domain selection ‘ | [0.115] ‘
Epoch intervals to take as features ‘ |4E-: 0.450.5; 0.5 0.55; 0.55 0.6] ‘
KMachine learning function Ilda ha
Help I Cancel I Ok

Type into the lowest of the 3 highlighted fields:
[0.25 0.3; 0.3 0.35; 0.35 0.4; 0.4 0.45; 0.45 0.5; 0.5 0.55; 0.55 0.6]

Note: On macOS, the latest MATLAB version likes to pop up this window in full screen;
For the time being it is best to resize it to something similar to the above
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Saving to the Workspace

) Save approach - O] x|
— [Edit Description
Standard paradigm for glow cortical potentialz, using ﬂ

per-channel multi-window =ignal averages.

| 'Qg | I The windowed means paradigm iz a general method for
capturing slow-changing cortical potentialzs, most importanthy
in reaction to events (then called Event-Related Potentials /
ERP=}. It is comprehensively described in [1]; The default
parameters match one of itz first applications, in [2].

The paradigm iz implemented as a sequence of =ignal
(pre-jprocessing, feature extraction and machine learing

ztages. Signal processing usually includes spectral fittering

(e.g., lowwpass fittering) and occasionalty spatial fitering,

either for dimensionality reduction {e.g., by selecting

channelz} or for the extraction of sparsity, independence or lI

mnthar faatiura Analtiae fa s aria indanandant camrnnant

Hame I‘Il.finu:luwed Means (ParadigmVindowmeans) 1

Save approach in Workspace as I laztapproach

Save on disk... |I ] I




Calibrating a New Model

I %]

Data Source Offline Analysis _Online Analysis Settings  Help
—

Sl auB|lDPEE0|sx k|82
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=) Calibrate a model

=101 i

Selected approach Ians ("Windowed Means (Paradig... j

Setting Calibration data sourc

(€ Target marke |5102'},{'52I}1','52!}2'}}

— Parameter Search

Loss/Performance Metric Iﬁ.utnmatically chosen

Cross-validation folds I 5
Spacing around test trials | g

— Performance estimates

v Compute performance estimates

Cross-validation folds I b
Spacing around test trials I 5

— Computing resources

[ Run on a computer cluster

Node pool I (use current config)

Save model in workspace as | lastmodel

Save stats in workspace as | laststats

Help | Cancel

0]24

Calibrating a New Model

This is the set of marker labels
that determine our two
possible error conditions. For
each of the two conditions,
there is a group of multiple
markers (different types of
errors and non-errors).

Type the following here:
{{'s101','s102'},{'S201','S202'}}
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= Watching the Computation...

io loadset(): loading C:\DEVEL\bcilab-1.0\userdata\tu

pop loadbv(): reading header file

pop loadbw(): reading EEG data

pop loadbv(): scaling EEG data

pop loadbv(): reading marker file

readloc=(): "=fp' format assumed from file extension

Channel lookup: no location for RE,LE,VEOG

Send u=s standard location for yvour channel=s at eeglak

Eadius walues: 0.02%9117 (mean) +/- 4.20252e-005 (=tc

Hote: automatically convert XYZ coordinates to spheri

pop_epoch() :408 epochs selected

Epoching. ..

pop _epoch() :408 epochs generated

eeg checkset: found empty wvalues for field 'target’
filling with wvalue=z of other events in

pop epoch(): checking epochs for data discontinuity

Extra common reference electrode location detected

beginning new computation...

x5
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Reviewing Results

) Review Results B ]
— Diata Summary . .
- Summary Statistics
True positive rate : 0.83 +/- 0.11 (H=5)
False positive rvate : 0.17 +/- 0.11 (N=5)
Gk - True negative rate : 0.35 +/- 0.02 (H=5) //
False negative rate : 0.05 +/- 0.02 (H=5)
Error rate : 0.06 +/- 0.02 (H=5)
[ Statistics for each
— Diata Details
fold of the Cross-
True positive rate |False positive rate | True negative r... |False negativer... Error rate
1 0.8000 0.2000 0.9275 0.0725 0.0835 Valldatlon (here 5X),
2 1 0 0.9467 0.0533 Dw/
3 0.8750 0.1250 0.9437 0.0563 0.0633
= 0.7273 02727 0.9355 0.0145 0.0500
5 0.7500 0.2500 0.9583 0.0417 0.0825
Rl | ]
Export... | oK |




Visualizing the Model

I %]

Data Source  Offline Analysis Online Analysis  Settings _Help

Sl o@D Eap| su x| 8| ?
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=10l

File Edit Wew Insert Tools Desktop Window Help

NS KRR ODEL 2|0 ad
Settings Windowl [0.2592 to0.35)  Window? [0.3s to 0.352)  Window3 (0.35s to 0.42)

Y
L2

Windowd (042 to 0.45s)  Windows (0455 to 0.55)  Windowhk (0 .55 to 0.55s)




Loading a Separate Test Set

I %]

Data Source Offline Analysis  Online Analysis  Settings  Help
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Loading a Separate Test Set

Note: This data set is from an identical twin doing the same task.

) select dataset(s) to load x|
Lok in: | || flanker_task i = ch': EH-
Mame = |-| Date modified |v| Type |v| Size |-|
|| 12-08-001_ERN.eeg 6/6/2011 5:37PM  EEG File 47,395 KB
. 12-08-001_ERM.vhdr 6/6/2011 5:37FM  VHDR File
) 12-08-001_ERM.wmrk aiai2011 5:37 FM WMRE File 26 KB
|| 12-08-002_ERNM.eeqg T_}'DE: WYHOR. File S PM EEG File 47,094 KB
12-08-002_ERN.vhdr | 5iz2: 8.03KB 7PM  VHDR Fi 9 KB
- Y b ote modified: 6/6/2011 5:37 PM =
|| 12-08-002_ERM.vmrk — 7 FM WMRE File 26 KB
I_,i|‘|1:|:|.1:!{1: 12/12/2011 7:45... TXT File 1KE
File name: I12—ﬂE~ﬂ'ﬂ'1_EHN.vhdr j Cpen
Files of type: Iarr:.r supported file j Cancel
o
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Applying the Model to Test Data

) BCILAB 1.0 (on Jordan) = 1] ]

Data Source Offline Analysis  Online Analysis  Settings  Help
H

Sl keB D0deEO sax|8|2
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Applying the Model to Test Data

) Apply predictive model to data set - O] =]

Source data set for prediction lastdata (™12-08-001_ERN.v... j

Predictive model to use |jg=tmodel j

@ Lossiperformance metric  |Automaticaly chosen j
- Save results in workspace as lastresults

Help | Cancel oK
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Reviewing Statistics
=101

— Data Summary
~l
True positive rate : 0.58 +/- 0.00 (H=1)
False positive rate : 0.42 +/- 0.00 (H=1)
QA_ | I True negative rate : 0.93 +/- 0.00 (N=1}
Falae negative rate : 0.07 +/- 0.00 (N=1)
Error rate : 0.13 +/- 0.00 (H=1)
=
— [Drata Details
True positive rate |False positive rate | True negative r... |False negativer... Error rate
1 0.5797 0.4203 0.5263 0.0737 0.1324

Export... | 0K




Using Another Loss Measure

I %]

Data Source Offline Analysis  Online Analysis  Settings  Help
—

Sl keB D0deEO sax|8|2




Swartz

Center for
omputational
euroscience

Using Another Loss Measure

) Apply predictive model to data set =] =]

Source data set for prediction lastdata ("12-08-001_ERN.v... ™

Predictive model to uzse ||aztmodel

Hr

Loss/performance metric  |Automaticaly chosen j

s i " Automatically chosen
e SHIES T Warsst #5 | Kullback-Leibler divergence

Help | Megative log-likelihood (MLL})
Mis-classification rate (MCR)
Mean absolute error (MAE)
Mean square error (MSE)
Maximum absolute error
Foot mean square error (RMSE)
Directed mean bias

Median square error

Area under ROC (AUC)
Conditional Entropy
Cross-entropy

negative F-Score
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Using Another Loss Measure

=1C1 |

— Data Summary L

Heg. area under ROC : -0.86 +/- 0.00 (H=1) 0.8

=
=
I

(\c rate

— NetChop C-term 3.0

Tru
o
$a

I

- — TAP + ProteaSMM-i
= ProteaSMM-i
— Data Details )
L [
Meq. area under ROC | (

1 -0.8648 Area under the Receiver-
Operator Characteristic
0 . |(RQC)| CUIFVQ. L

0 0.2 04 0.6 0.8 1
False positive rate

Export... | OK |




3 Online ERP Analysis
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Starting an Online Data Stream

I ]

Data Source Offline Analysis  Online Analysis  Settings  Help

D e B D0 BEAD A% 8%

BioSemi amplifier...

|
1
-

=

BrainVision Recorder...

DataRiver stream...

Lab streaming lavyer...
MIMNDO dryfwireless...
24-ch dryfwireless, ..
0&C. ..

The selected stream will be played back in the background.
In this course we’ll be playing back the test data set in real time
(instead of reading from an actual device).



Configuring the Online Stream

) run_readdataset() - O] x|
New Stream to create I last=tream

Dataset to play back lastdata’

Update frequency 23

Help | C.anc:&! Ok I\
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o e Meanwhile in the MATLAB

euroscience

Workspace...

If you type whos you could see the data structure (laststream) that is

updated in the background.

beginning new computation...
beginning evaluation...
Extra common reference electrode location
> Whos
Hame Size
ans 1x1
il 1x1
la=tapproach 1x1
lastchunk B4x15
la=tdata 1x1
lastmodel 1x1
lastresults 1xl
laststats 1xl
laststream 1x1
v Ix2
f?,}}|
%

Evtes

28le4

8

28le4
3840
874
358657
12543
418464
78045880
1s

detected

Clas=

struct
double
struct
single
struct
struct
struct
struct
struct
double

|::| -
Y




Selecting the Destination for BCI
Outputs

) BCILAB 1.0 (on Jordan) ;IEIEI

Data Source  Offline Analysis  Online Analysis  Settings  Help

5|ﬂ£ﬂi@|ﬁgmm@|%ﬂnl—lm |

File...
Lab streaming layer...
05C. ..

SMAP...
MATLAE visualization. ..




Swartz

= # Sclecting the Destination for BCI
Outputs

J run_writevisualization() =10O] =]
Predictive model | ‘lastmoder
Input Matlab stream laststream
Visualization function bar(y)
Update frequency | 10
Form of the produced output values distribution j
Create a figure v (zet)
Start-up delay 1
Hame of new predictor | lastpredictor
Help | Cancel !l Ok | ‘
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Visualized Real-Time Outputs

=

File Edit WView Insert Tools Desktop Window Help

N de | RN LEL- 2|0 ad

tings

[ 1

091

0.8

Probability of class 1 (no error) —T

06}

Probability of class 2 (error) oo
\_

03

0.2r

01F

0




Swartz

Center for
omputational
euroscience

Stopping the Online Processing

File Edit View Insert Tools Desktop W

W Lcix[? ®

Data Source  Offline Analysis |Dr1|inE Analysis Settings Help

3 | fol w0 oy e M Process data within...  » | G 4, -3 | = | 9 B

Read input from... ]
Write output to... J 07

0.6

nek



4 Customizing Approaches
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Loading the Training Data Again

) Select dataset(s) to load x|

Look in: I . flanker_task j e ¥ -

Mame = |~r| Date modified |~r| Type |~r| Size |~r|
| | 12-08-001_ERN.eeg 6/6/2011 5:37PM  EEG File 47,895 KB
|| 12-08-001_ERM.vhdr 66,2011 5:37PM VYHOR. File 9 KB
|| 12-08-001_ERM.vmrk 662011 5:37 PM VIMRLE File 26 KB
|| 12-08-002_ERN.eeqg &6/6/2011 5:37FPM  EEG File 47,094 KB
. 12-08-002_ERM.vhdr 662011 5:37PM  VHDR File
L] 12-08-002_ERM.vmrk EJE 7011 B3 P VMRE File 26 KB
linfo.bxt Type: VHDR File :45... TXTFile 1KB

Size: 8.03 KB

Date modified: 6/6/2011 5:37 PM

File name: 12-028-002_ERN .vhdr - Open

Files of type: any supported file

| 4
&
i




Swartz

Center for
omputational

Loading the Training Data Again

SI=ES

— Optionally load data in reduced form
Channel index subset

Sample range subset

% % f

Time range subset

Channel type subsei

— Misc options for io_loadset— This time we name it properly in the workspace.

| /
| |
Save data in workspace as | I traindatal I

Check data [ OK | This is the MATLAB workspace variable

Help | Triggerchannel.._| Add marl{ers._-l Cancel| Ok




=Ftiting the Previous Approach In Detail

I %]

Data Source  Offline Analysis__Online Analysis Settings Help
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diting the Previous Approach In Detail

) Review/edit approach =10l x|
— Approach properties

8 =] = =t
H Miscellaneous -
[=] SignalProcessing
FilterQrdering
EOGRemoval
= Resampling
SamplingRate 100
FilterLength 10
StopbandWeight 1
TypeSelection
MarkerInsertion
ChannelSelection
Surfacelaplacian
Rereferencing
ICA
BandPower
DipoleFitting
IIRFilter
VolumeSelection
WindowCleaning
StationarySubspace
ChannelCleaning
ChannelR.epair
BurstCleaning
Projection
FIRFilter
SparseR.econstruction
Standardization
=l EpochExtraction
TimeWindow [-0.20.8]
BaselineRemoval
(Name)
(Description)

AT

i

X0 e (0

-
4

Help | Cancel OK
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Changing the Classifier

Instead of LDA we choose logistic regression.

EpochICA -
[=| Prediction
=] FeatureExtraction
TimeWindows [0.250.3;0.30.35;0

[=] MachineLearning

S Eleamer [ -
Lambda dal “
Regularizer gauss
WeightedBias alm
WeightedCov gmm
Configlayout hkl -
Learner Ida
Machine learning function. Applied to the data (features [saig=s *m;
this is usually the last (and most adaptive) step in the pni gda ﬁl:lel
or prediction. |

Help Cancel I Ok
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Changing the Classifier

We don’t use the VB (Variational Bayes) variant but the
sparse version (with Automatic Relevance Determination).

EpochICA r
=] Prediction
[ FeatureExtraction
TimeWindows [0.250.3;0.30.35;
[=] MachineLearning
[=] Learner logreg
Lambda 1
Vet e -
Epsilon vh
Scaling vh-iter
UseFolback I
Configlayout 11 -
Variant 12
Variant to use. Variational Bayes methods: using a joint lars :I
unstable), or using a per-weight prior (iter), or using a sparse prior {Automatic
Relevance Determination). Regularized methods: lars for fast sparse logistic ;I

Help | Cancel I OK
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=  Learning a New Model...

) Calibrate a model =10 x|

Selected approach IIaatapprnach ("Windowed Means ... j

Calibration data source | lastdata ("12-08-001_ERM.vhdr"} j

Target markers | [Loaded via EEGLAB]
[Loaded via BCILAB]

| lastdata ("12-08-001_ERN vhdr")
LossiPerformance Metric | . ;.5 12.08-001_ERN vhdr)

'

— Parameter Search

Crossvalidation folds [RRUEITE e i PV E S A =1 o10RY T [
Spacing around test trials I g

— Performance estimates

¥ Compute performance estimates

Cross-validation folds I 5
Spacing around test trials I b

— Computing resources

[ Run on a computer cluster

Node pool I (use current config)
Save model in workspace as | lastmodel
Save stats in workspace as | laststats

ﬂl Cancel | OK |
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Visualizing The Model

_iglx
File Edit Wiew Insert Tools Desktop Window Help a
N de A9 EL- 2|08 aC .
s _ | _ This model uses
- Windowl [0.25s to 0.35)  Window? (0.3s to 0.35s)  Window3 (0.355 to 0.45) . .
i [ a minimal
- subset of
channels.

Windowd (045 to 0.455) Windowd (0455 to 0.55)  Windowh ([0.5s to 0.558)




Saving the Approach for Later

I %]

Data Source Offline Analysis  Online Analysis Settings  Help
—

SlaBicREEa0 s x(8|?
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Saving the Approach for Later

_(Eix

Edit Description

Standard paradigm for slow cortical potentials, using ﬂ
per-channel multi-window signal
averages.

[

Ham [Windowed Means (ParadigmWindowme

Save approach in Workspace as I lastapproach

F'rintu::ndell Sauenndisk...l | Ok |
| | | |
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! Save approach

~| = &k E

=105

Savein: I |, approaches

s

FlEeﬂEefﬁ Flaces

.

Desktop

Saving the Approach for Later

Name = | -| Date modified |+ Type | | size | -|
|| fancy_ica.apr 4f17f2012 8:00 FM  APR. File 155 KE
| |untitled.apr 5222012 10:07... APR File 39 KB

File name: Ierp_tesﬂ apr j Save

Save as type: I *apr) j Cancel




5 More Analyses: Using an
Advanced ERP Paradigm

Note: this computation uses a
method that will run for up to 15
minutes.



New Approach....

-l

Data Source Offline Analysis Online Analysis Settings  Help
—

SlipPued DDLEA0 s x(8|?
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Selecting DAL-ERP

i

— Select approach

This is one of the best known
approaches for ERP-based BCls.
It assumes that there is a small

log-Bandpower (ParadigmBandpower)

= - - 1 _ || log-Bandpower (ParadigmBandpower) [ . .
k 49‘ _'% | i 1 Common Spatial Patterns (ParadigmCSP) Set Of Iatent Spatlal sources Wlth
< DuaklAugmented Lagrangian (ParadigmDAL) their own characteristic time
Low-Frequency DAL (ParadigmDALERP) .
High-Frequency DAL (ParadigmDALOSC) course weights, and learns
Fiter-Bank CSP (ParadigmFBCSP) both simultaneously.

Multi-subject Overcomplete Spectral Regression, work in progress (ParadigmMOSR)
Regularized Commen Spatial Patterns (ParadigmRCSP)
spectrally Weighted CSP (ParadigmSpecCSP)
Spectral Means (ParadigmSpectralmeans)
Windowed Means (ParadigmVindowmeans)
[From VWorkspace]

‘Windowed Means (ParadigmWindowmeans) 5 (lastapproach)
[From Disk]
— Windowed Means (ParadigmWindowmeans) 2 (lastapproach} v
Fancy ICA (fancyica)

{
| Windowed Means (ParadigmWindowmeansz) 1 (ans})
i
g

Windowed Means (ParadigmWindowmeans) 1 (lastapproach}
log-Bandpower without SigProc toolbox (lastapproach)
Common Spatial Patterns without SigProc toolbox (lastapproach) -
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Configuring DAL-ERP

R=

New sampling rate of the data 60

Frequency specification of the filter | [0.1 0.5]

Filter type butterworth j

Epoch time window relative to the target markers [-0.2 0.8]

Frequency-domain selection [0.113]

Regulariation parameters |[1 024 861.077920215304 724.C

Lozs function to be used logistic -
S

Type of regulariation to use dual-zpectral |

Help I Cancel I Ok ‘
|
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Calibrate Model...

) Calibrate a model -0 x|

Selected approach |lastapproach ("Low-Frequency Dh.._;

Calibration data source RiElGEEREYIETASR IR o

N R | | Target markers [{{'5101°,'5102},{'S201  Inspect data...

— Parameter Search

Loss/Performance Metric |Automatically chosen j

Cross-validation folds g

Spacing around test trials g
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Wait for a Few Minutes...

beginning evaluation...

beginning new computation...

pop_epoch () 1 398 epochs selected

Epoching...

pop_epoch () : 398 epochs generated

eeg checkset: found empty values for field 'target'

filling with values of other ewvents in

pop_epoch ()t checking epochs for data discontinuitcy

learning ensemble...
scanning lambda = 1024.000000... model rank = 0
scanning lambda = 861.077929... model rank = 0
scanning lambda = 724.077344... model rank = 0
scanning lambda = 608.874043... model rank = 0
scanning lambda = 512.000000... model rank = 0
scanning lambda = 430.538965... model rank = 1
scanning lambda = 362.038672... model rank = 1
scanning lambda = 304.437021... model rank = 1
scanning lambda = 256.000000... model rank = 1
scanning lambda = 215.269482... model rank = 1
scanning lambda = 181.019336... model rank = 1
scanning lambda = 152.218511... model rank = 1
scanning lambda = 128.000000... model rank = 2
scanning lambda = 107.634741... model rank = 3
scanning lambda = 90.509%668... model rank = 3
scanning lambda = 76.108255... model rank = 3
scanning lambda = &4.000000... model rank = 3
gcanning lambda = 53.817371... model rank = 3
scanning lambda = 45.254834... model rank = 4
scanning lambda = 38.054623... model rank = 6

fx  scanning lambda = 32.000000...3> -
<| | 3
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bme of the Resulting Components

Component 1

Component 2

Component 3

Component 4

0.

B a2
-200 O 200 400 600 800

Weight

Weight

200 0 200 400 600 800

200 0

200 0 200 400 600 800

Note that these are the spatial filters rather than the forward projections!



	Practicum: Performing ERP analysis in BCILAB
	Outline
	1  Preparations
	Preparations
	System requirements
	Note: When Processing �your own Data
	Clearing the Path
	Clearing the Path
	Clearing the Path
	Clearing the Path
	Clearing the Path
	Starting the Toolbox
	Starting the Toolbox
	Starting the Toolbox
	Starting the Toolbox
	Starting the Toolbox
	Getting help (if needed)
	Getting help (if needed)
	Getting help (if needed)
	2  Offline ERP Analysis
	The Data
	Experimental Task
	Loading the Data
	Loading the Data
	Loading the Data
	Loading the Data
	Confirming Import Options
	Creating a New Approach
	Creating a New Approach
	Select an ERP Paradigm
	Select an ERP Paradigm
	Configuring the Approach
	Saving to the Workspace
	Calibrating a New Model
	Calibrating a New Model
	Watching the Computation…
	Reviewing Results
	Visualizing the Model
	Visualizing the Model
	Loading a Separate Test Set
	Loading a Separate Test Set
	Applying the Model to Test Data
	Applying the Model to Test Data
	Reviewing Statistics
	Using Another Loss Measure
	Using Another Loss Measure
	Using Another Loss Measure
	3  Online ERP Analysis
	Starting an Online Data Stream
	Configuring the Online Stream
	Meanwhile in the MATLAB�Workspace…
	Selecting the Destination for BCI Outputs
	Selecting the Destination for BCI Outputs
	Visualized Real-Time Outputs
	Stopping the Online Processing
	4  Customizing Approaches
	Loading the Training Data Again
	Loading the Training Data Again
	Editing the Previous Approach In Detail
	Editing the Previous Approach In Detail
	Changing the Classifier
	Changing the Classifier
	Learning a New Model…
	Visualizing The Model
	Saving the Approach for Later
	Saving the Approach for Later
	Saving the Approach for Later
	5  More Analyses: Using an Advanced ERP Paradigm
	New Approach….
	Selecting DAL-ERP
	Configuring DAL-ERP
	Calibrate Model…
	Wait for a Few Minutes…
	Some of the Resulting Components

