Intro to Brain-Computer
Interfaces

NeurotechSF BCI workshop
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Frontal Parietal
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e Reasoning processing
e Motor planning e QOrientation
e Speech initiation
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e Memory .

processing

e Speech processing



Measuring human cognition

- Central nervous system

PET
fMRI
fNIRS
MEG
EEG
ECoG

- Peripheral nervous system

EMG (muscles)
ECG (heart)
EGG (stomach)
EOG (eyes)
GSR (sweat)
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Brain Recording

Invasive

Requires surgery
More accurate
Single-neuron
Group of neurons

Non-invasive

e No surgery

e Less accurate

e Larger groups of
neurons



Invasive - Single cell recording
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Invasive - Electrocorticography (ECOG)



Noninvasive - Electrbencephalography (EEG)



Noninvasive - fMRI
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What is BCI?

Brain-Computer Interface

“Direct communication
pathway between the
brain and an external
device” (Wikipedia)







How does it work?
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BCI Types

SSVEP
Frequency-based BCI
Event related potentials
Motor imagery

Slow cortical potentials

Neurofeedback



SSVEP
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Frequency-Based

GAMMA
31-100 Hz

BETA
16 - 30 Hz

ALPHA
8-15 Hz

THETA
4 -7 Hz

DELTA
0.1 -3 Hz
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Event Related Potentials (ERP)

3 N1 Participants=16 500 ms ~FN *_1.

/\ Incongruous Congruous Ungrammatical

S 1 1 1 1 e
1 1 1 1
= TV LR
s++ P pp
R
c
Q
p—
@)
a
P3
1 1 L L ]

0 100 200 300 400 500
Time after stimulus (ms)
[SEND |

Incon- Ungram-
Con Gram



http://www.youtube.com/watch?v=xmf3YC8jzWc

Motor Imagery
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Slow Cortical Potentials (SCP)




EEG Neurofeedback

Raw EEG Signal

/_\NW\“WW
Therapist's PC

Game PC

Mae e

M\ i RN

Less More Less
Delta SMR High Beta



fMRI Neurofeedback

Participants

16 Healthy
Volunteers
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Feedback

Custom-made Tools

‘target
level

‘current
level’
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Data Acquisition

3T Siemens Allegra 3
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Online-Analysis

Turbo-Brain Voyager
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Advanced Decoding

Clip reconstructed

reeieg o from brain activity



http://www.youtube.com/watch?v=nsjDnYxJ0bo

Break



