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Let’s start with a little demo… EEG in real time

Cyton board
8-channels
Dry electrodes
250 Hz
Ultracortex Markup IV
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OpenBCI
• Time series widget
• Frequency spectra
• Band power
• Networking: protocols to 

output data (Serial, LSL, OSC)

LSL

pySerial

… Create your own

widget with

Processing



BCI

Communication
by thought

Control of assistive
technologies

Neurorehabilitation

Gaming…

Succeed in having a common language between the brain (seen through the EEG) and 
the computer

Co-adaptation: Human learning / BCI processing adjustment

Various technics based on different forms of electrical activities, spontaneous (wave 
rhythms linked to mental imagery) or evoked (by visual or acoustic stimuli) (ERP, P300)

©MindAffect

Brain Computer Interface
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Active BCI: Mental imagery

Mental tasks: motor-imagery of the limb, mental calculation or navigation

 Active BCI that employs the user’s endogenous brain activity in the 
absence of any external stimulus (Pfürtscheller & Da Silva, 1999)

 Initially: communication for paralyzed people (yes/no) 

 Today: neurorehabilitation of stroke patients – MI neurofeedback 
effective in reestablishing motor movements immediately after a stroke 
(Mattia 2016, Pichiorri 2015)
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Active BCI: Mental imagery

(Pfürtscheller et al 2011)
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Active BCI: Mental imagery

Mental task will induce in specific cortical regions and in specific 
frequency bands:
1°) Event-Related Desynchronisation (ERD – while being performed)

2°) Event-Related Synchronisation (ERS – once the user has stopped) 

t=0 s start of the imagery movement
(adapted from Lemm et al., 2009)

Baseline
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Event-Related Desync/Synchronization

 Decrease or increase in synchrony of the underlying neuronal 

populations reflecting cortical activation and deactivation 
(Pfurstcheller & Da Silva, 1999)

Neuronal networks become asynchronous during mental activity;

ERD – correlated with mental activity;

ERS – correlated with mental inactivity

Rest vs Motor
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Motor-imagery

 The Primary Motor Cortex (PMC) is responsible for planning and executing 

movements

 Correspondence between the PMC areas and the various muscle groups

Guyton and Hall, 2005
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Motor-imagery

Movements tasks induce changes to brain activity (ERS/ERD)

Pfurstcheller & Da Silva, 1999
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Motor-imagery

 Synchro and Desynchronisation of brain waves at motor cortex areas, 

whether by preparing the movement of the body or by imagining it
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Motor-imagery

Movements tasks induce changes to brain activity visible in the EEG

Left hand Right hand

Topographic map

Pfurstcheller & Da Silva, 1999

β
18-26 Hz

α/μ
8-12 Hz

Right hand

Features to be captured in BCI
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Motor imagery

Hoffmann et al., 2006 : “A good feature extraction method should reduce the dimension of the 

input data as much as possible while keeping all the information necessary for classification.”
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Motor imagery: Graz protocol

I- training the system

Series of MI-task (ex. Left/Right) 

[feature extraction to train a classifier]

II- training the user

MI-task with feedback. 

User goal: to develope effective strategies to increase system performance 

Pfurtscheller & Neuper, "Motor Imagery and Direct 
Brain-Computer Communication", 2001
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Graz protocol

Multiple sessions, each of which multiple sequences (4-6 runs - fatigue>6) 

One run:

10-20 trials per class (Left/Right)

~ 7 min

O
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n
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Feedback

Indication of 
which MI task is 
to perform
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Motor imagery

(1) an offline calibration stage, during which the system’s settings are 

determined

(2) an online operational stage, during which the system recognizes the 

user’s brain activity patterns and translates them into application 

commands

BCI research community is currently searching for solutions to help avoid 
the costly offline calibration stage
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OpenVibe

An open-source software platform

- Design, test and use BCIs

- Real-time EEG acquisition, processing and visualization

- Offline or batch analysis of large datasets

Wide EEG device compatibility (EGI, Brainamp, Biosemi,… C++ driver)

Compatibility with &  

BCI paradigm demos available + tutorials

Visual programmation (GUI boxes) + own plugin development in C++ 

openvibe.inria.fr
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OpenVibe working flow

Acquisition server: Configuration to receive raw data depending on the 

device system

Dotted gray: communication 

protocol, solid blue: data 

flow, and colored boxes 

represent processes.

 


Kiseong, 2019

Designer: Define and Launch stimulation, online and offline data processing
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OpenVibe working flow

Acquisition server: Configuration to receive raw data depending on the 

device system

Kiseong, 2019

Designer: Define and Launch stimulation, online and offline data processing








OPENVIBE – BOX TUTORIALS

power-spectrum.xml



OPENVIBE – BOX TUTORIALS

connectivity_measure.xml



OPENVIBE – BOX TUTORIALS

wavelet-decomposition.xml

Artifact removal, PCA, Machine learning…
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Openvibe: Graz protocol + OpenBCI

• mi_1_stim-acq: stimulation (L/R) while 
recording the training data set

• mi_2_classifier-trainer: classifier 
parameters estimate

• mi_3_online_osc: classification in real 
time with feedback

+ send command by OSC to a web app

FC5 FC1

C3

CP1 CP2

C4

FC6FC2

https://threejs.org/examples/#webgl_animation_skinning_blending


Motor imagery: data processing pipeline

2 output channels: 

➢ Left side: 3*C3 – (FC5 + FC1 + CP1)

➢ Right side: 3*C4 – (FC6 + FC2 + CP2)

Spatial filter
Surface Laplacian

Temporal filter
Band-pass 8–24 Hz

Stimulation 

based epoching

Left MI task
0.5 to 4.5 s

Classifier trainer
Linear Discriminant 

Analysis

Mean power
log(1 + x2)

Stimulation 

based epoching

Right MI task
0.5 to 4.5 s

Mean power
log(1 + x2)

α/μ: 8-12 Hz
β: 18-26 Hz

➢ find a linear discrimination of the two features



Linear discriminant Analysis

▪ Find the projector line that gives:
- maximum separation between means of projected classes
- minimum variance within each projected class

▪ Solution: eigenvectors based on between-class and 
within-class covariance matrices

Example - Projector 2: best discriminant

1

2
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Openvibe: Graz protocol + OpenBCI

• Multiple sessions with Franziska

• Low classification accuracy by imagining the movement (60% with the 

Left class being better discriminated)

• By actually doing the movement: good accuracy (92%!) – classification 

based on the mu-beta features is very reliable
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Motor imagery

 Co-adaptation user/machine - substantial training to find the correct 

imagination strategy that leads to the most distinct ERD/ERS

 Currently it can only be used with a maximum of 3 or 4 different MI 

tasks to ensure maximal performances (classification accuracy)



BCIs improvement

B
 C

 I

• 10 to 30 % of users unable to control a BCI: “BCI illiteracy” or “BCI deficiency” 

phenomenon

• MI-BCI : even for not “illeterate”, performance rather low

• 75% of classification accuracy for 2 class MI-BCIs

• 20% reach 80 to 100%

• 2 main factors

(1) Signal processing (Stage I) – many studies over the last years

(2) The user-training role: mostly neglected – inefficient training protocol 

(instructions, training tasks, feedback and training environment)

• Controlling an BCI requires acquisition of specific skills = to generate stable and 

distinct brain activity patterns while performing the tasks

• Understand how the humain learn and how to adapt training process

Most current systems do not properly establish this mutual 

understanding 

« Illiterate users »



BCIs improvement

B
 C

 I

Training task

Progression (increasing difficulty), adaptative user-specific

Self-paced and asynchronous sessions 

Preparatory training tasks (meditation)

Feedback

Visual with emotional connotations (smileys) – tactile is promising (channel much less 

saturated in interactive situations) / increase the quantity and quality of information 

(topography of cerebral activity…)

Training environment

Improvement of user motivation & experience: gamified protocols (ex. ball-basket 

paradigm, spaceship that must avoid asteroids)

Integration of virtual reality. Ex “Use the force” – allows users to levitate a spaceship by 

imagining moving their feet

Summary guidelines for designing more effective 

training protocols (C. Jeunet)
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MI-based BCIs improvement

“Vibrotactile feedback during MI training induced significant enhancement of ERD activity only 
for non-dominant, left hand over contralateral motor cortex area measured in C4 electrode”
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