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The OpenVIBE tool to read brain signals

The OpenVIBE acquisition server
« A generic interface to read from multiple devices
« 40+ brain recording devices supported, and growing!
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The OpenVIBE tool for designing BCls

The OpenVIBE designer
 Creating a BCI by assembling boxes
 One box = one processing module

(] OpisvIBE fasiysal BT
Fle
FEE R x [ E] # Time:ossssoms

| iy Bon aiorithens B F | of agerithime ;J
Hame Desciiption |
b i Acoudsition [

b B Clantification
b 5 Featune extisttion
=B File reading and writing

[ = [T BCI Competition
| [ BCI competition llih readed Reads ASCH e

| ol topograghic-dd.sml o

| | 3 GIF flke reader GOF file readn:
| ' @ G fie writer This akgeeithim
Lo P G
— [ Gereric stream resder Cata streamr
B Garerlc straamwiter | Data stream v
k= offline
b Bamples
w = Signal processing GPL
| = = Basic
| L @ Resampling Baxsigerithm |
|-= e Fitars
[l 2 [& Temporal Fiter _ﬂpplie;a temg
[@ Temporal filters Bomakgerit
=Bz ica
L [BICA (FastiCA) Compute Fast
0




The OpenVIBE designer: an example

Acquisition << Reading EEG signals being
measured
Filtering << Filtering EEG in a given
frequency band
Chanr_lel << Selecting sensors
Selection
v
Visualization << Visualizing processed signals
in real-time
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An OpenVIBE box

e Box Input-Output

Input =)

[Signakﬁera gej

Ny

— Qutput
 Data types

Streamed matrix Signal Stimulation
(data matrix) (Data with a sampling rate (Event with a name and
and channels — a date)

subtype of streamed matrix)
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Box settings

e Settings are available by double-clicking on the box

-
‘ Configure Temperal filter settings

Filter type Band pass

e
Filter method Butterworth ;l
=

Filter order |4

Low cut frequency (Hz) IB

W
High cut frequency [Hz]'|12|

Pass band ripple (dB) IU.S
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b Override settings with configuration file
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Exercise 1

o Warm-up: display EEG signals by

1. Selecting “Generic Oscillator” as driver in the
acquisition server then “connect” then “read”

. OpenViBE Acquisition Server v1.3.0 = X
Driver : |Ger~enc Oscillator H Drlvarmperﬂul e Bréférences
| Se connecter
Connection port : }102-1 ﬂ —
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Exercise 1

2. copying the OpenVIBE scenario below and running it (play)

Control panel: Start and stop the BCI!

Qoo HAff = o = w@|rim:nnam||

®3Boxes I TF
p— = I'C{
Name
== Acquisition and network 10
=E| Acquisition client
;al LSL Export

4| LSL Export [Gipsa) B OX

0SC Contreller
i o] TCP Witer

b S VRPN SeIeCtlon

b [ Classification
b [ Data generation -
b [ Examples Zone "
b [ Feature extraction
b [ File reading and writing N Search

b E! Scripting
b [ signal processing

arrange s and

boxes ' B select

I = [ visualisation
there! L boxes!

A Level measure

- @ Matrix Display

@ Power spectrum display

@ Signal display

@ Time-frequency map display

i~ b [ Classification

Scenario
edition
zone:
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Exercise 1

Offline version — with file reading

DEEEX | 6| X2|B: @ | MaxFF a  [w {

Factors 100.00 ‘L;:l | Time : 000ms

4 Wiy G-classifier.. 3§ Wi readDataxml 3§ wh 4-frequency-.. € W S-train-CSP.. I Wi 2-acquisitio.. I W p300-xdawn-d.. P WA readEEGDatamxs P ¢

GDF file reader

i
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-
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Name
[# |=) Feature extraction

= [ File reading and writing
- [ [£5 BCl Competition

- @ [ BCI2000

~ @ [ BrainVision Format
- @ [ EDF

|5 GDF file reader
—

|d GDF file writer

- [ [ OpenViBE

== | | SharedMemoryWriter

- < Signal Concatenation
i[5 Scripting

@ [ Signal processing

[£) Stimulation

[ [ Streaming

2 Tests

& [ Tools

& [ Visualization

& (2 Basic

& Level measure
=
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o Selecting an EEG file
 Double click on the box
o Select file “leftHandMovements.gdf” available on the

tutorial page http://openvibe.inria.fr/openvibe-tutorial-
nec22/

GDF file reader
Configure GDF file reader settings X
Filename BE.c’scenarioPersquuIi-kctePour?POWsignalsfleftHandMuvements.gdf_@
Samples per buffer "32 ‘ ﬁ Q'
Subtract physical minimum | false O
[ Override settings with configuration file
i losd.. | [od Save. | [ Defaur | Revet | apply | Cancel



http://openvibe.inria.fr/openvibe-tutorial-nec22/

e Press “play”

GDF file reader

Signal displa
In|]Out|Set

Signal display _ 0O %
Q Signal display
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Visualizing events (a.k.a Stimulations)

Signal display — O b
. Signal flisplay
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‘ | / displayed as doted lines

Stimulations colors and names
(click on « signal display » then on « stimulation colors »)
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Exercise 2

Visualizing sensorimotor rhythms (SMR)
 Need to select the SMR-related channels (e.g., C4)

 Need to band-pass filter the signals in the
SMR (e.g., \: 7-13 Hz)
e You can do this with the following boxes:

[Tempozd Hterj [Cha nneE‘:ele:tnr}

 Notes: you can check http://openvibe.inria.fr
for documentation

 The documentation of a box is also available by pressing
F1 when the cursor is over the box



http://openvibe.inria.fr/

Visualizing SMR

(G DF file raaderj

Channe! Selec
c4
InfOut]Set

(Tempuél Filter

Signal display

InfOut]Set

N

Configure C4 settings

Channel List 4

Action Select

Channel Matching Method | Smart

= = |

Override settings with configuration file

= load.. | [ Seve. | [ Defoul || Rever Apply | Cncel
Configure Temporal Filter settings X
Filter Method Butterworth zl
Filter Type Band Pass 3
Filter Order 4 ]3]
Low Cut-off Frequency (Hz) |7 @ ” 3|
High Cut-off Frequency (Hz) |13 ik
Band Pass Ripple (dB) 0.5 EE’
[ Override settings with configuration file
I load.. | [ Seve. [ Defoukt | Reven pply | Cancel
Signal display - O s
Q Signal display

I

l_llalllll.lJl‘ | H.Hrl‘ ! "II"IF'|I|\'




Computing EEG band power

>

Band-pass
filtering in
8-12 Hz
1s of Raw EEG
at C3 :
8-12 Hz | -
band <::| Temporal T - Power
power for daverage ] | estimation
channel C3 LalWihoan | (squaring)
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Exercise 3

e« Compute the SMR band power on 1s long sliding windows

[Time has% Epnr.:hingj [Simpge DSPJ [Signal %.rera QEJ

/

\

Sliding window Apply a math Average
analysis: epoch the operation on the signal
continuous signals each sample over an epoch

Note: to ease the signal visualization in that case, you can set the « Time Scale »

setting of the signal display from 10 to 100
2o —



Visualizing Mu band
power continuously

GDF file reader
oyl

‘l
Channel Selecty
4
InjOutiSet
W

(Tempoial FIterJ

Configure Time based epoching settings *
Epoch duration (in sec) | 1| |E| |_JE |
Epoch intervals (in sec) 0.1 @E|
[# Override settings with configuration file
= Load... ‘ ‘E Save... | {4 Default Revert Apply | ‘ Cancel
Configure Simple DSP settings b4
Equation lx‘)d
[ Override settings with configuration file
= load.. | [l swve. | [ Defoul Revert Bpply | Cancel
Signal display — O X

Signal display




Spatial Filtering

« EX: Laplacian filters
LapC4= 4*C4 — FC2 — FC6 — CP2 — CP6

GDF file reader
iy

Configure Spatial Filter settings

Spatial Filter Coefficients | 4;-1;-1:-1:-1

Number of Output Channels 1

Number of Input Channels |5

Filter matrix file

[ Override settings with configuration file

5 losd. [ Swe. | [ Defaut

Revert

@ signai display

Signal display

[1 1 sFiltered 0




A simple Neurofeedback scenario:
Alpha/Theta ratio neurofeedback

 Computing and visualizing alpha power in C4

cocpy o =
Ly GDFraad-er GDFr

57 A
Channel Selector s Channel Selector
c4 v cut T
Inl-OﬂS-Et & copy In|-0ut]Set
L O paste
Temporal Filter |
8-12 Hz o e
Y 7 inputs »
B .
(Time base‘g’epoclung) ( A mhu- (ﬂmehasedepodhg)

#+ configure box...
< enable box

¥
Simple DSP Slmple DSP
Inl-DtiSe': InIO tiSet

& disable box
¥ ;
Y [ box documentation... Y
about box...
[# add comment to scenario... y.

Signal dizplay

.| 77 about scenario... Alpha power
“injoutiset InfOutSet

Right click on the signal display >> rename box... >> name it “Alpha power”
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A simple Neurofeedback scenario:
Alpha/Theta ratio neurofeedback

e Adding the theta power to the scenario

1 - Copy-paste
this set
of boxes

2 - Change the
frequency
range (4-7 Hz)

[Time based epochmg) Time basezlrepoclu'lg)
A N
Simple DSP
InIO‘E;ISet
L

- v
Slgnal‘g:rerage

3 — Rename the display

¥
Signal display
Theta power
InfOutSet




The Window Manager

OpenViBE Designer 2.1.0
File Edit Tools Help

DEEE X < * N

Window Manager = O * Window Manager - [} ks
\Windows for current scenario Default tab Windows for current scenario Default tab
B ¥ Unaffected display plugins W Unaffected display plugins
& Alpha power = 4 Default window
@ Theta power & % Default tab &,
= ¥ Default window x B 4 Vertical split
= % Default tab @, Alpha power

Alpha r
e — I .

Empty

Theta power




The Window Manager

Default window

................

...............................

Alpha power




A simple Neurofeedback scenario:
Alpha/Theta ratio neurofeedback

« Computing the alpha over theta ratio

| a
Simple DSI
InfOutise | = @

# cut..

| copy...
O paste..
& delete..

i inputs.

iZ) outputs

[# rename box...
¥ configure box...
< enable box...
@& disable box...
#a delete box...

» [ (7 1:input-A

Configure Simple DSP settings

Equation | A/B|

Override settings with configuration file

/7 Load.. HE Save.. ‘ Default

Simple DSP
InjOut]Set

Use the “A/B” formula

Add a “SimpleDSP”, and right click (ratio of first input over second input)

on it to add an input
2o —



A simple Neurofeedback scenario:
Alpha/Theta ratio neurofeedback

e Plug-in the simple DSP box and visualize the result!

Alpha/Theta — O X

Q Alpha/Theta

1:C4

(Time baseéepoclu‘lg) (‘I’ime base‘;l'epoclmg)




A simple Neurofeedback scenario:
Alpha/Theta ratio neurofeedback

You can add « fancy » visualizations, see « advanced
visualization » boxes

C4(1)




Exercise 4: Neurofeedback reward

Automatically display a reward picture when the
users’ alpha/theta ratio crosses a given threshold!

You will need the following two boxes:

(and to define your threshold value)

[Sign Ehange Detectarj [Display %JE imagej

/ AN

Sends a given Displays a given picture
stimulation when the when receiving as input
iInput signal changes sign a given stimulation

R —




Neurofeedback reward scenario

GDF file reader
et

1 — Subtracts the threshold value

[Time based epochingj [Time based epochingj

5 F
Simple DSP
InfCutiSet
A
W W
o W

2 — Defines (box settings) the (reward) stimulation
to send when the threshold is crossed

5
Signal dizplay
Alpha power
InfCut]Set

W
Signal display
Alpha/Theta
InfOut]Set

(Son Cronge et 3 — Defines (box settings) the image to display

isplay cue image
InfCut]set




Going Further - in brief

« Communication with other software/applications

L 7

L4 . W '
0SC Controller TCP Writer | | Button VRPN Server
InjOut|Set In|Out|Set In|Out|Set

e Rapid prototyping

Lua Stimulator Matlab Scripting Python scripting
In|QutlSet InjOut|Set In|Out|Set

Designing protocols Quick prototyping in
with Lua in OpenVIBE OpenVIBE in Python
by Laurent Bougrain by Thomas Prampart
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Machine Learning in OpenVIBE In brief

e Using machine learning
e various classifiers: LDA, sLDA, SVM, Neural Network,
Riemannian geometry classifiers (MDM, fgMDM, TSC, etc), etc.
e various data-driven spatial filters (CSP, RCSP, XDAWN, etc.)

Calibration (training)

Classifier trainer
In|Qut|Set

Configure Classifier trainer settings
Train trigger
Filename to save configuration to
Multiclass strategy to apply
Class 1 label
Class 2 label

Algorithm to use

X
| OWK_Sﬁmulationld_Triiri Z|
| §{Path_UserData}/my-classifier.ml | Ej

| Native v

| OVTK_Stimulationld_Label_01 “

]
¥
| OVTK Stimulationld_Label 02 v
]

I Linear Discrimimant Analysis (LDA)

Use shrinkage Ifaise | ]

Shrinkage coefficient (-1 == auto) |-1.000000 @]
Shrinkage: Force diagonal cov (DDA) |faise | O
Number of partitions for k-fold cross-validation test | 10 | @& || g !
Balance classes !fa!sc | |

[# Override settings with configuration file

5 load. | [ Swve. || [ Defout

Revert fpply || Cencel

Use (testing)

vV

Classifier processor




Machine Learning in OpenVIBE in brief

« Typically: several scenarios when using machine learning

Lua Stimulartor
Graz Motor Imagery BCl Stimulator
InjOut]Set

-

Generic stream write,
InjOut]Set

1 - Training data
acquisition scenario 2- Classifier training 3 - Online feedback

scenario scenario
I&zu&_—-




Machine Learning in OpenVIBE in brief

o Similar principle for spatial filters

Calibration (training) Use (testing)

75 oy
(CSP Spatial;irlter Trainerj
Regularized CSP Trainer
[ In|Q$|Set ]
Hands-on
Machine Learning in
OpenVIBE

by Laurent Bougrain




Thank you for your attention !

?

Any guestion?

Fabien Lotte
fabien.lotte@inria.fr

http://openvibe.inria.fr
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