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ldea & Purpose

* Like EEGLAB, but for BCI (and/or cognitive state
assessment)

— Seeding a community

— Strengthening links between BCl and Neuroscience
 SCCN’s in-house tool for BCI problems

— Main focus: Advanced cognitive monitoring

— Part of a large US research program (CaN CTA)

— Funded by ARL (and ONR, Swartz Foundation, ...)

A1 ONR

Office of Naval Research




BCILAB Specialty

e State of the art

e Largest collection of machine learning & signal processing
components in any open-source BCl package
— Many standard components (CSP, LDA, SVM, ...)

— Many modern components (SBL, SSA, AMICA, HKL, DPGMM, LR-
DAL, ...)

— Some novel components (OSR, RSSD, SSB, ...)
* Next-generation framework
— Fully probabilistic
— Model inference from data corpora™
— Anatomical priors, other neuroscience-aware features
— Processing of parallel streams

(*: not yet in the current release)



BCILAB Components
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BCI Behavior

 BCls in BCILAB are acting as an oracle that consumes
one or more biosignals and can respond to (pre-
defined) queries about cognitive state
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Signal Processing?

 Some signal-level computations can be done more
efficiently than window-by-window (esp. when
successive windows overlap a lot)



Signal Processing?

* Some signal-level computations can be done more
efficiently than window-by-window (esp. when
successive windows overlap a lot)

 Room for good DSP use (e.g., frequency filter, spatial
filter, ...) before actual prediction

e Also, can assemble approaches from existing

components
Biosignal Predictions
”MMWW“ Signal Inference/
m » Processing Estimation » L




Online Data Flow

e Afilter graph receives all input samples and produces
pre-filtered data (signal flows through it)

* The prediction function may be queried on demand
on the filter graph’s outputs
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BClI Models

e BCls are described by “BCl models” that specify both
the filter graph and the prediction function (incl.

parameters)
ﬁl Model \
{Filter Graph \ {Prediction Function \

Filter | EE)| Filter | BE) | Filter
Filter ’
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BCl Paradigms

* BCl paradigms are the coarsest plugin type in BCILAB
and tie all parts of a BCl approach together

* They are seeds for new BCl designs and cornerstones
of BCILAB usage

Calibrate

/' BCI Model

Filter Graph
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Offline Evaluation

Given calibration data
Estimate model parameters (spatial filters, statistics)
Apply the model to new data (online / single-trial)

Optionally: compare outputs with known state, compute
loss statistics for the model / approach (e.g., mis-
classification rate)

Calibration recording Future data...




Offline Evaluation

e Evaluation of computational approaches on a single data
set?

Calibration recording




Offline Evaluation

e Evaluation of computational approaches on a single data
set?

— Can not test on the training data! (always on separate
data)

— Instead can split data set repeatedly into training/test
blocks systematically, a.k.a. cross-validation

Training

part




Resolving Free Parameters

e Can be done using cross-validation in a grid search (try all
values of free parameters)

e Caveat: Resulting “optimal” numbers are non-reportable

(cherry-picked!)
Best
Model

For all param. values... ’
Training




Resolving Free Parameters

e Can be done using cross-validation in a grid search (try all
values of free parameters)

e Caveat: Resulting “optimal” numbers are non-reportable
(cherry-picked!)

* But may test resulting best model on separate data

Best
Model

For all param. values...
: Future data...
) 77
Traini T
raining é est



Resolving Free Parameters

Can be done using cross-validation in a grid search (try all
values of free parameters)

Caveat: Resulting “optimal” numbers are non-reportable
(cherry-picked!)

But may test resulting best model on separate data

Or run grid search within an outer cross-validation (“nested
cross-validation”)

Best
Model

For all param. values...
) -
Training Test




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, Real-time
experimentation environment (DataRiver, BCI2000,
OpenVIBE or your own)

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)



hen 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 for the time
points with known target condition

— BCILAB needs raw (unprocessed) data

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

J MATLAB 7.9.0 (R2009b)

File Edit Debug Parallel Desktop Window Help

Mew

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

Save Workspace As... Ctrl+5

Preferencss...

ard shortcuts

hortcuts, use

Page Setup...
Print....

Frint Selection. ..

Ctrl+P

t =zettings 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\saveZpdf.m

Exit MATLAB

Ctrl+Q

J ﬁ ﬂ | (7] |CurrentFuIder:IC:'n,LIsers'n,mrisﬁan'n,D
——————————————————

| shortcuts, such as Ctrl+5, are nc

have changed for img

FPreferences. From tl

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

thisz message again.
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Clearing the Path

o

Al changes take effect immediately.

MATLAE search path:

Add Faolder... . C:\sers\christianDocuments\MATLAB
| C:\DEVEL
Add with Subfolders. .. | | C:\Program Files\MATLAB'\R 2005k toolbox \matab\gener:

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

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

J C:\Program Files\MATLAB'R 20090 toolbox imatlabelmat

) C:\Program Files\MATLAB'R 20050 toolbox \matlabrandfu

Mowve to Top |
Mave Up | ; C:\Program Files\MATLAB'R.2009b\toolbox \matiabelfun

J C:\Program Files\MATLAB'R 2009b\toolbox \matlab\specfu
| C:VProgram Files\MATLAB'R 20090 toolbox imatiabymatfur
) C:\Program Files\MATLAB'R 20050 toolbox \matlab\datafu
J C:\Program Files\MATLAB'R 2009b\toolbox \matiab\polyfur
) C:\Program Files\MATLAB'\R 2009b\toolbox \matab\funfun

Remove | ll C:\Program FI|ESWAHAE‘"REUW'JI'HWD"JDXWEHHb".SF'EZJIILI
Save | Close | Revert Default Help |

Mowe Dawn

Move to Bottom
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Clearing the Path

o

Al changes take effect immediately.

MATLAE search path:

Add Faolder... . C:\sers\christianDocuments\MATLAB
| C:\DEVEL
Add with Subfolders. .. | | C:\Program Files\MATLAB'\R 2005k toolbox \matab\gener:

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

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

J C:\Program Files\MATLAB'R 20090 toolbox imatlabelmat

) C:\Program Files\MATLAB'R 20050 toolbox \matlabrandfu

Mowve to Top |
Mave Up | ; C:\Program Files\MATLAB'R.2009b\toolbox \matiabelfun

J C:\Program Files\MATLAB'R 2009b\toolbox \matlab\specfu
| C:VProgram Files\MATLAB'R 20090 toolbox imatiabymatfur
) C:\Program Files\MATLAB'R 20050 toolbox \matlab\datafu
J C:\Program Files\MATLAB'R 2009b\toolbox \matiab\polyfur
) C:\Program Files\MATLAB'\R 2009b\toolbox \matab\funfun

Remove | ll C:\Program FI|ESWAHAE‘"REUW'JI'HWD"JDXWEHHb".SF'EZJIILI
Save | Close | Revert Default Help |

Mowe Dawn

Move to Bottom
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Clearing the Path
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All changes take effect immediately,

MATLAE search path:

Add Folder... | . C:\Users\christian\Documents\MATLAE
| C:\DEVEL
Add with Subfolders. . | , C:'Program FilesMATLAB'R 2009b\toolbox\matabigeners
= s wimatlablops
} x
e
Move 1070 Do you wish to restore the default path? x\matiab\elmat
If you do so, you will lose your current path settings,  px'matlabrandfu
| doszlp x\matiab\elfun
: : Mo
Mave Dow | wimatab\specfu
wimatiab\matfur
Move to Bottom | ; C:\Program Files\MATLAB'R 2009b\toolbox \matlab\datafu

| C:\Program Files\MATLAB'R 20090 toolbox \matiab\palyfur
) C:\Program Files\MATLAB'R 2009b\toolbox \matabfunfun

; C:\Program Files\MATLAB'R 2009b\toolbox\matab\sparful =
Remove lI | 2
Save | Close | Rewvert | Default Help |
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All changes take effect immediately.

MATLAE search path:

Add Folder. .. | | Ci\Jsersichristian\Documents\MATLAB -
. C:'Program FilesYMATLABR 2009b\toolbox\matlab\geners
Add with Subfolders... | , C:\Program Files\MATLABR 2009b \toolbox\matab\ops

. C:'Program Files\MATLABR 2009b\toalbox \matiabYang
. C:'Program FilesMATLABR. 2009b \toolbox\matiab \elmat

Move to Top | . C:'Program FilesMATLABR. 2009b\toolbox\matiabrandfu
. C:'Program Files\MATLABR 2009b\toolbox \matiab \elfun
Move Up | . C:'Program FilesMATLABR 2009b\toolbox\matiab\specfu
Morve D | | C:'\Program Files\MATLABR. 20090 toolbox \matlab Ymatfur
. C:'Program Files\MATLABR 2009btoolbox\matlab \datafu
Maove to Bottom | J C:\Program Files\MATLAB'R 2009b \toalbox \matlabpolyfur

. C:'Program FilesMATLABR 2009b\toolbox \matab funfun
. C:'Program FilesMATLABR 2009b\toolbox \matiab \sparfu

Remave | ll C:'Program FilesWAHAB'REDDQI:I\mnlbeWaﬁaI:'n,s-:ril:uf vI
Help |

Save | Close | Revert |




// \
Swartz

Center for
Computational

Clearing the Path

_ioix|

All changes take effect immediately.

MATLAE search path:

Add Folder. .. | | Ci\Jsersichristian\Documents\MATLAB -
. C:'Program FilesYMATLABR 2009b\toolbox\matlab\geners
Add with Subfolders... | , C:\Program Files\MATLABR 2009b \toolbox\matab\ops

. C:'Program Files\MATLABR 2009b\toalbox \matiabYang
. C:'Program FilesMATLABR. 2009b \toolbox\matiab \elmat

Move to Top | . C:'Program FilesMATLABR. 2009b\toolbox\matiabrandfu
. C:'Program Files\MATLABR 2009b\toolbox \matiab \elfun
Move Up | . C:'Program FilesMATLABR 2009b\toolbox\matiab\specfu
Morve D | | C:'\Program Files\MATLABR. 20090 toolbox \matlab Ymatfur
. C:'Program Files\MATLABR 2009btoolbox\matlab \datafu
Maove to Bottom | J C:\Program Files\MATLAB'R 2009b \toalbox \matlabpolyfur

. C:'Program FilesMATLABR 2009b\toolbox \matab funfun
. C:'Program FilesMATLABR 2009b\toolbox \matiab \sparfu

Remave | ll C:'Program FilesWAHAB'REDDQI:I\mnlbeWaﬁaI:'n,s-:ril:uf vI
Help |

Save | Close | Revert |
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Starting the Toolbox

* 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) LL% ) ™ |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
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Starting the Toolbox

* 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) LL% ) ™ |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
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Starting the Toolbox

* You should 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 0.91-workshop o m]
Data Source  Offline Analysis  Online Analysis  Settings  Help

 MATLAB 7.9.0 (R2009b)

File Edit Debug Parallel Desktop Window Help

Dﬁ|¥ BB p|h@@|ﬂ.'|ﬂurrentFnldEf:E

HOTE: The MATLAE path has been updated to point
In order to use cvx regularly,
To accomplish this,

you must =save th
add thes=se lines Lo your sta.
afddnath cvwnrkshomihedi Tabh-0. 91 -woarkshon'y des




The Data

Recorded at the famous BCI Lab in Graz, Austria
Part of the BCl competition IV (“dataset 2a”)

More info:
http://www.bbci.de/competition/iv/desc 2a.pdf

Contains imagined movements of 4 classes:
— Left hand

— Right hand

— Feet

— Tongue

2 Training sets, 2 evaluation sets



http://www.bbci.de/competition/iv/desc_2a.pdf
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The Data

* Timing overview

Beep

Fixation cross

Cue




Fixing the Data ©

* Execute the following line:

) MATLAB 7.9.0 (R2009h)
File Edit Debug Parallel Desktop Window Help

ﬁ ) | 4 ES) L.'E] ) > | h ﬁ ﬂ | (7] |CurrentFuIder:IC:'n,'l.f'mrkshu:up'n,l:u:ilab{l.'aldnlu:urkshnp'n,l_lserscripts ;I_I =]

ﬁg »» pop saveset (rmfield(exp eval (io_loadset ('data:/workshop/A01T.=set')), "tracking'), 'filepath', "A01T fixed.set')

* You can copy & paste this from the .pdf:

pop_saveset(rmfield(exp eval(io loadset('data:/
workshop/A01T.set')),'tracking'),'filepath','A01T _
fixed.set')



Fixing the Data ©

e ...and the same for the three other data sets:

pop_saveset(rmfield(exp_eval(io _loadset('data:/worksho
p/AO1E.set')),'tracking'),'filepath','AO1E_fixed.set')

pop_saveset(rmfield(exp eval(io loadset('data:/worksho
p/A03T.set')),'tracking'),'filepath','A03T_fixed.set')

pop_saveset(rmfield(exp_eval(io _loadset('data:/worksho
p/AO3E.set')),'tracking'),'filepath’,'AO3E_fixed.set')
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=101

Daka Source  Offline Analysis  Online Analysis  Setkings | Help

BCI Paradigms...

T
Machine Learning...
Scripking k
Plugin autharing [
About. ..

Save bug repart. ..
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il Gettlng help (|f needEd)

@ relp ~lo|x|

File Edit View Go Favorites Desktop Window Help L]
Help Navigator X[l qm up | i | it
Search for: I 'I ':"jl Title: I M-File Help: code|Filters - |
Example: "plot tools” OR plat* tools -
codefilters Default Topics — |
Contents I Indexl Search Resultsl Demosl

P Release Nates -

@ Installation Contents of filtera:

3 MATLAB

@ Aerospace Toolbox flt clean channels - Rewmowe channels with abnormal data from a continmous data set. Currently offline o

L. . flt clean peaks - Project local peaks out of the data (blinks, muscle artifacts, brief jumps). Non-c

@ Bicinformatics Toolbox flt clean spikes - Het outliers in data to zero.

€& Communications Toolbox flt clean windows - Remove periods of abnormal data fromw continuous data.

@ Contral System Toolbox flt envelope - Coppute the signal envelope for a continuous data set. Non-causal.

c Fitting Taalb flt fir - Filter a continuous data set by a digital FIR filter.
@ urve Fitting Toolbox flt fourier - Transforw an epoched data set into a fourier representation.

@ Database Toolbox flt ica - Annotate the Signal with a spatial decomposition into independent compohents (usin
@ Datafeed Toolbox Eit ii]:l - iiltl;gr a cor_ltirlmngg d:;la setl; by afdigitl;allIIB lm;'pjlss,-’highpassfhandpass;’handstop £
t laplace - hpplies a simple Hjorth-style surface laplacian filter.

@ Embedded MATLAB flt pipeline - The default extensible preprocessing pipeline for most BCI paradigms.

@ Filter Design Toolbox flt praject - Spatially project the given data set, e.g. to apply an IC decomposition

@ Filter Design HOL Coder flt reconstruct - Beconstruct the given data in a new (possibly overcomplete) basis.

. . flt reref - Re-references the data to a new (set of) channel(s) or the awverage of all chammels

@ Financial Toolbox flt resample - Changes the sampling rate of a given data set.

@ Financial Derivatives Toolbox flt rumbasze - Subtract & baseline from an data set, computed owver the given baseline window.

@ Fixed-Incame Toolbax flt selchans - Selects a subset of channels from the given data set.

. . flt spectrum - Helect a frequency portion of the data in an epoched data set.

@ Fixed-Foint Toolbox flt standardize - Standardize a continuous EEG zet causally. |

&3 Fuzzy Logic Toolbox || £lr window - Select a time portion of the data in an epoched data set.

AW e e e — . &7

| _>IJ 4 | D
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Getting help (if needed)

File Edit View Go Favorites

Desktop  Window Help

=101 x|

Help Navigator X

Search for: I vI G-:l

Example: "plot tools” OR plat* tools

Contents I Indexl Search Resultsl Demosl

LSy

Title: | M-File Help: fit_Fir

[

@ Release Notes -
& Installation

3 MATLAB

@ Aerospace Toolbox

& Bicinformatics Toolbox

€& Communications Toolbox

3 Control System Toolbox

- Curve Fitting Toolbox

@ Database Toalbox

¢ Datafeed Toolbox

¥ Embedded MATLAB

@ Filter Design Toolbox

3 Filter Design HOL Coder

3 Financial Toolbox

@ Financial Derivatives Toolbox
3 Fixed-Income Toolbox

€3 Fixad-Point Toolbox

&3 Fuzzy Logic Toolbox

i

-

View code for fit fir

Filter a continuous data set by a digital FIR filter.
[Signal,3tate] = £1lt_fir(3igmnal, State, Frequenciea, Mode, Type, PasshandRipple, JtopbandRipple)

Digital FIR filters [l] are computationally less efficient than IIR filters, but allow for
somewhat more control. Specifically, FIR filters can not "blow up™ (diwerge), even if extremely
demanding frequency responses are implemented (e.q., drift remowal). The computational cost of
very low-frequency filters during online processing may be prohibitiwe, though. FIRE filters can be
designed with different phase (delay/distortion) behawvior, depending on the desired application.
Linear phase filters are the most commonly used ones, as they do not distort the data (which makes
interpretation easier) but only delay it, and because they are causal (i.e. can be used online).
The delay can, however, easilvy be too large for certain time-sensitive online tasks (it is a
function of the lower transition edge). Zero-phase filters are mostly interesting for
visualization, as they neither delay nor distort the signal, but camnot be used for online
applications, or within data analyses that estimate online application behawior. Minimum-phase
filters can be used online, hawe wery low latency, and can implement extreme fregquency responses,
but distort the =zignal. In that case, some assumptions about signal shape may turkh invalid, and
hawve to be revized given the filtered data.

In:
Simmal continucous data set to be filtered

Frequencies frequency specification:

¥ for a lowshigh-pass filter, this is:

* for a bhand-na, ton filter, this is:

[Lransition-start, transition-end],in H=
[low-transition-start

-

Default Topics
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Loading the Data

_I5ixd

|Da13 Source  Offline Analysis  Online Analysis Settings  Help

Load recording(s)...

Load study...
Define marker transform... Cirl4D
Workspace .
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Loading the Data

i

) select dataset(s) to load x|

Mame = +| Date modi -
- I I Ip One Level
W B | tutorial Q23/2011 7 |der

Recent Places 1. workshop 9/23/20113:25PM  File folder
D || -hgignare 3/13/2011 2:18 PM  HGIGMORE File

Desktop

Libraries

i_!g

File name: || j

[ O |
Files of type: |E|r1'_.r supported file j 4'[:31{:&1;
2
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Loading the Data

i x|

) select dataset{s) to load x|
Lookin: |}, beilab-0.9Tworkshop ~| e ®@erE-
Mame = |v| Date modified |~r| Type |v|
&__ . code 9/23/2011 7:47PM  File folder
Recert Places . dependencies 9/23/2011 7:55PM  File folder
. resources 9/23/2011 7:55PM  File folder

|4

9/23/2011 7:56 PM  File folder

Desktop userscripts 9/23/20118:25PM  File folder
hrmqh m i fnmdd oL RS LAl
) Date created: 9/23/2011 7:56 PM
E = b“'ab—':_"”ﬁgjm Size: 255 MB
Libraries __ eegplugin_bdlab.n Files: ADIE_fixed. fdt, ADIE_fixed.set, ADIT_fixed.fdt, ...
. || LICENSE.TXT STIT20I T T gg P TAT e
|F~§ || RELEASE MOTES. TXT 442011 7240 PM TXT File

Computer

<] |

Files of type: |any supported file

File name: I j Open I
[
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Loading the Data

* Please load AO1T fixed.set (training set #1)

i x|

) Select dataset(s) to load |
Look in: I | userscripts j "= £F E-
Mame = |v| Date modified |v| Type |v|
g || AD1E_fixed.fdt 2/24/2011 12:13... FOTFile
SR | | ADIE_fixed.set 9/24/2011 12:13... SET File
_LA0IT fixed £ 9/24/2011 12:13... FDT File
D | A01T _fixed.set 9/24/2011 12:13... SETFile
Desktop | |AQ3E_fixed.fdt 9/74/2011 12:13... FOT File
| | AD3E_fixed.set Type: SET File 2:13... SET File
AO3T_fixed.fdt | SiZe: 261KB p:13... FDTFi
E L AL _TIxe Date modified: 9/24/2011 12:13 PM "=
I || AD3T_fixed.set — :13... SETFile
|| tutorial_erd1.m 3/12/20118:11PM  MFile
|| tutorial_erd2.m 4f4/2011 10:36 AM M File
|| tutorial_erpL.m 3122011 3:12PM M File
|| workshop_script.m 2/20/2011 3:33 AM M File
|| workshop_script2.m 2/14/2011 3:33PM  MFile
4| | 0
File name: [AD1T_fixed set -]
Files of type: [any supported fie | Cancel
P
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=  Defining a new Approach

=101

Data Source | Offline Analysis  Online Analysis  Settings Help
q

New approach. .. J
Modify approach... Ctrl+M
Review fedit approach... Ctrl+R.
Save approach... Ctrl+5
Train new model. .. Cirl+T
Apply model to data... Ctrl+A
Visualize model... Cirl+v
Investigate results... Ctrl+I
Transform data by model... Cirl4+P
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=  Defining a new Approach

e Let’s start with Common Spatial Patterns:
i

— =elect approach

I log-Bandpower (para_bandpower)

Commen Spatial Pattern (para_csp)

= [DyalAygmented | gorange (parg dall

I High-Freguency DAL (para_dal_hifreg)
Low-Freguency DwvL (para_dal_lofreq)

1 Data-Flow Framework (para_dataflow)

! Independent Modulators (para_modulators)

Multiband-CSP (para_multiband_csp)

Muliple Source Model GLW (para_multimodel)

spectralty Weighted CSP (para_speccsp)

( Windowed Means (para_windowmeans)

[ [FromWaorkspace]

il [From Disk]

XXX (lastapproach)

Error Rezponses (lastapproach) o

Bandpower/nolap (para_bandpower) 3 (lastapproach)

BCIS000 (para_bandpower) 1 (lastapproach)

Errors HKL - =malimem (lastapproach)

Multi-band QDA (lastapproach)

Cancnical Motor Imag (lastapproach) ;I

L=
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=  Defining a new Approach

i1 %]

— =elect approach

Common Spatial Pattern (para_csp)

— Dezcription

standard paradigm for oscillatory processes via the Common Spatial Patterns -
(C5P) algorithm. Result = para_cspiinput-Data, Operation-Mode, Options...)

The CSP paradigm is based on the design of the Berlin Brain-Computer Interface
(BBCI) [1], morecomprehensively described in [2], which iz mainly controlled by
(sensori-)motor imagery. Thefeatures exploited by this paradigm in itz original form
are Event-Related Synchronization andDesynchronization [3] localized in the
(zensori-ymotor cortex, but the paradigm i= not restrictedto these applications. CSP
wasg originally introduced in [5] and first applied to EEG in [5].

Due to ite simplicity, speed and relative robustness, CSP is the bread-and-butter
paradigm foroscillatory processes, and if nothing elze, can be used to get a guick
estimate of whether thedata containg information of interest or not. Like
para_bandpower, C3P uses log-variance featuresover a single non-adapted ;I

Help Cancel II Refine OK
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T Adaptlng an ApprOaCh

* Marker names are {*769°/770’} in this set:

Hew sampling rate of the data
Filter length
Stop-band weight

Epoch time window relative to the events

Event/marker types for which epochs shall be extracted
Frequency-domain selection
Humber of CSP patterns (times two)

Machine learning function

Help I

=10f %]

100

10

[0.5 3.5]

I7659 7707

[7 30]

Jiga

Cancel

Ok
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== Further Editing an Approac

) Review/edit approach o =] S|

Data Source ¢

— Spproach properties

8 |[=] =4 =
[l Signal Processing -
[=] SignalProcessing
FilterOrdering
[=] Resampling
SamplingRate 100
FilterLength 10
Stopbandweight 1
ChannelSelection
Rereferencing
Surfacelapladian
ICA
DipoleFitting
FIRFilter
Projection
VolumeSelection
[IRFilter
Standardization
SparseReconstruction
=l EpochExtraction
TimeWindow [0.53.5] e
EventTypes 789 770
BaselineRemaval
WindowSelection
EpochedFFT
SpectralTransform
[= Spectralselection
FrequencySpecification [7 30]
WaveletTransform

0 <

U

.

El Feature Extraction
=] FeatureExtraction i

(Name)
(Description)

Help | Cancel oK
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Saving the Approach

-l

— Edit Description
My new approach, based on CSP :I

Hame Wy appruan::h|

Save approach in Workspace as I lastapproach

Save on disk... DK




See also: MATLAB’s Workspace

* Can be enabled via “Desktop” menu

| o =]
=1 ||Name - Value Min
E| ans < 1x1 struct=
£ | lastapproach <1x1 struct>
£l lastdata <1x1 struct=
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Now Hitting the Data...

e

Data Source | Offline Analysis  Online Analysis  Settings Help

Mew approach... Ctrl -+
Modify approach... Ctrl+M
Review jedit approach... Ctrl+R.
Save approach... Ctrl+5
Train new model. ..

Apply model to data... Ctrl+A
Visualize model. .. Cirl+v
Investigate results... Ctrl+I

Transform data by model... Cirl+P
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Center for

— Now Hitting the Data...
S

Selected approach |lastapproach ("Common Spatial Patter... j

Calibration data Source | lastdata AT _fixed.set™) j
— Parameter Search
LossPerformance Metric |2 utomatically chesen j
Cros=-validation folds I g,
Spacing around test trials I g

— Performance estimates
v Compute performance estimates

Cross-validation folds I 10

Spacing around test trials I g

Computing resources

[~ Run onacom puter cluster

Hode pool I (uge current config)

Save model in workspace as I lastmodel

Save stats in workspace as | laststats

Help I Cancel OK
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= Watching the Computation...

loading C:\Workshop\bcilab-0.91-workshop\userscripts\A0IT fi:
pop loadset(): loading file C:\Workshop\bcilab-0.3l-workshop'
Reading float file 'C:\Workshop\bcilab-0.9%1l-workshophuserscr:
The loaded EEGLAE =et i= lacking an online expression; assum
If it contains filtered data, however, BCI model=s derived fr:

pop epoch() :144 epochs selected

Epoching. ..

pop epoch() :144 epochs generated

pop epoch(): checking epochs for data discontinuity
fx 5>

4\ Start
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Cross-validation Results:
=101 x|

— Data Summary

=

True positive rate : 0.30 +/- 0.14 (H=10)
.10 +/- 0.14 (H=10)
.84 +/- 0.17 (H=10)

=]

False poaitive rate :
True negative rate :
Falae :

=]

=

— Data Details
True positive rate |False positive rate | True negative r... |[False negative r... Error rate
1 0.2333 0.1667 0.8750 0.1250 01425
2 05714 0.4285 0.7143 0.2857 0.3571
3 1 0 0.7500 0.2500 0.1333
5 1 0 1 0 0
5 1 0 0.8571 01429 0.0667
B 0.8750 0.1250 1 0 0.0714
7 0.2000 0.2000 04444 0.5556 04286
3 0.5000 0.1000 1 0 0.0667
9 1 0 0.8333 01667 0.0714
10 1 0 0.5000 0. 1000 0.0667
4 |+

Help | Explore... Export... Save... | oK
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Visualizing a Trained Model

=10

Data Source | Offine Analysis  Online Analysis Settings Help

Mew approach... Ctrl-HM
Modify approach... Ctrl-HM
Review /edit approach... Ctrl+R
Save approach... Ctrl+5
Train new model. .. Crl+T
Apply model to data, ., Ctrl+4

Visualize model. ..

Irmrestigateresots Cirti
Transform data by model... Ctrl+P




Visualizing a Trained Model

) Figure 2z Common Spatial Patterns - |EI|E|
File Edit WView Insert Tools Desktop Window Help &

NESHS L RIONDRL- 2 [(0E 0D
CSP Pattern 1 CSP Pattern 2 5P Pattern 3

Left hand motor cortex =2

Right hand motor cortex 2>
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— Applying a Model to New Data

=1o1x]

Data Source | Offline Analysis  Online Analysis Settings Help

Mew approach... Ctrl+M
Modify approach... Ctrl+M
Review fedit approach... Ctrl+R
Save approach... Ctrl+5
Train new model. .. Crl+T
Apply model to data. ..

Visualize model... Ctrl+v
Investigate results,.. Ctrl+I

Transform data by model... Ctrl+P
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— Applying a Model to New Data

) Apply predictive model to data set - |07 =]

Ssource data set for prediction lastdata ("AD1T_fixed set”) 7

Predictive model to use |lastmodel

Loss/performance metric  |Automatically chosen |

Save results in workspace as lastresuits

Help Cancel OK
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== Results: Training-Set Error
=101 %]

Data Summary

]

True pogitive rate : 0.33 +/-— 0.00 (H=1)

False positive rate : 0.07 +/-— 0.00 {(H=1)

True negative rate : 0.8& +/— 0.00 ({H=1)

Falase negative rate : 0.14 +/- 0.00 ({H=1)

Error vate : 0.10 +/- 0.00 (H=1)
hd

— Data Details
True positive rate |False positive rate | True negative r... |False negativer... Error rate

i 0.9306 0.0604 0.8511 0.1325 01042

Help | Explore... Export... Save... | oK




Online Processing

* For lack of EEG hardware, play back a data set
in real time:

I

Data Source  Offline Analysis |Dnline Analysis Settings Help

Process data within... b

Read input from... BioSemi amplifier. ..
Write output to... bk DataRiver stream...
Clear all online processing Q5C...

Dataszet...




Online Processing

* For lack of EEG hardware, play back a data set

in real time:
-} run_readdataset() - O] x|
Hew Stream to create laststream
Dataset to play back lastdata’
Update frequency 25
Help Cancel I Ok I




Online Processing

* Choosing a destination for outputs:

=101

Data Source  Offline Analysis |Dr1|ir1e Analysis Settings Help

Process data within... b

Read input from... ]

Write output to... File...

Clear all online processing QsC...
MATLAE visualization...
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= Setting up a Visualization

-} run_writevisualization() =10 x|
Predictive model lastmodel
Input Matlab stream laststream
Visualization function bar(y})
Update frequency 10
Form of the produced output values distribution |
Create a figure v (set)
Start-up delay 1
Hame of new predictor lastpredictor

Help Cancel Ok I




Real-time Class Probabilities

=} Figure 2

File Edit View Insert Tools Desktop Window Help

=10l x|

NTGde RO DEL-|2[0H|

i

.1

09

0.8

0.7

0.6F

051

04F

0.3F

021

01

0




Clearing the Online Processes

=101x]

Data Source  Offline Analysis |Dnline Analysis Settings Help

Process data within. .. ]
Read input from... J
Write output to... b

Clear all online processing




Fancier Visualization



Online Processing

* For lack of EEG hardware, play back a data set
in real time:

I

Data Source  Offline Analysis |Dnline Analysis Settings Help

Process data within... b

Read input from... BioSemi amplifier. ..
Write output to... bk DataRiver stream...
Clear all online processing Q5C...

Dataszet...




Online Processing

* For lack of EEG hardware, play back a data set

in real time:
-} run_readdataset() - O] x|
Hew Stream to create laststream
Dataset to play back lastdata’
Update frequency 25
Help Cancel I Ok I




Online Processing

* Choosing a destination for outputs:

=101

Data Source  Offline Analysis |Dr1|ir1e Analysis Settings Help

Process data within... b

Read input from... ]

Write output to... File...

Clear all online processing QsC...
MATLAE visualization...
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= Setting up a Visualization

* The command is:

plot(y,0,'0','MarkerSize',100); xlim([1 2])

writevisualization()

Predictive model
Input Matlab stream

Yisualization function

=10] x|

| 'lastmodel

lazt=tream

plot(y, 0,0 "MarkerSize’, 1007, xlim([1 2]}

Update frequency
Form of the produced output values

Create a figure
Start-up delay

Hame of new predictor

Help

| lastpredictor




Real-time Class Probabilities

 The sphere indicates the imagined movement

side ol

File Edit View Insert Tools Desktop Window Help

Nl KR ODE L2 |08

1

08

06

04r

02r

0F

02"

04l
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08
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Looking at ERP Data

=]
) Select dataset(s) to load x|

Look in: I ., flanker_task j - £¥ -
g Mame = I"I Date modified I"I Type |v|

|| 12-08-001_ERN.eeg 3/3/20118:09PM  EEG File
Recent Flaces )01_ERM.vhdr 3 )11 8:09PM  WHDR File
|| 12-08-001_ERN, vmrk 3/3/2011 &:09 PM VMRE File
: | || 12-08-002_ERN.eeg 3/3/20118:09PM  EEG File
Desktop || 12-08-002_ERN.vhdr 3/3/20118:09PM  VHDR File
E || 12-08-002_ERN.vmrk 3/3/2011 8:09 PM VMR File
Libraries
ey
Computer
™
.
4| | i
File name: | 12-08-001_ERN vhdr | Open |
Files of type: Ian}' supported file j Cancel




Setting up

Markers: {{'S101','S102'},{'S201','S202'}}

Time Windows: [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]

Freq flt: [0.1 15]

Epoch: [0 0.8]

=) BCILAB: Configure approach

Hew sampling rate of the data
Filter length
Stop-band weight

Epoch time window relative to the events

Event/marker types for which epochs shall be extracted

=10l =]

|

| 10

| 1

| [00.8]

| {0101, 51023, {5201, 'S2027%

| [0.1 15]

jio.25 0.4 0.45;

B 8
Cancel ok |




