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Daniel Webster (January 18, 1782 — October 24, 1852)
was a leading American statesman and senator from
Massachusetts during the period leading up to the Civil
War. (from Wikipedia)
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A& BCI

20%

I Invasive BCI

o Norivasve BT Contont IRD « Invasive BCI: still risky, hard to be
59% applied to human being

* Noninvasive BCI (fMRI, MEG, NIRS):
impractical (mobility, price)
» EEG-based BCI: most preferred

19%

22%




An example of P300-based BCI Austria Guger Technologies — P300 speller
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P300-based BCI in Hanyang University
Collaboration with RIKEN, Japan

(Hwang et al.)




Steady-state visual evoked potential (SSVEP)
a periodic brain response elicited by the continuous presentation of a visual stimulus
flickering or reversing at a certain frequency

10 10

5 10 15 20 25 5 10 15 20 25

10 Hz 11 Hz Frequency (Hz)




Software for presenting visual stimuli eliciting steady-
state visual evoked potential (SSVEP) and real-time
monitoring of frequency spectrum

U of Willhelm (Germany)




Signal processing
:> « Preprocessing
+ Feature extraction
+ Feature classification

EEG signals

Electrodes

User

Translation
into commands

Ficure 1: Functional model of an SSVEP-based BCI.

Applications

« Speller

» Cursor movement
» Wheelchair

s clC.

From (Zhu et al., 2010)
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(Volosyak et al., 2011) (Cecotti et al., 2010)

Why SSVEP-based Mental Speller?
- No training is required!!
- Simple classification algorithm




- Conventional electroencephalography (EEG) mental spelling systems based on P300 or
steady-state visual evoked potential (SSVEP) generally arrange characters alphabetically
in a rectangular 2-D array structure, which makes it difficult for the users to realize the
locations of target characters easily.

- Considering that acquired factors are the main cause of disabilities for disabled
individuals, the majority of the target subjects are more familiar with a QWERTY style
keyboard not having a rectangular array structure.

- In this study, we implemented an SSVEP-based mental spelling system adopting a
QWERTY style keyboard layout with 30 LEDs flickering with different frequencies.

QQWRERRRTHYUR 1 ToRP D=
AEDEEENEM
ZIXICIVEEINIVE.

S =

(Hwang et al., J. Neurosci. Meth., 2012)




Visual
Feedback

(Hwang et al., J. Neurosci. Meth., 2012)
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Watch this video at
http://www.youtube.com/watch?v=uunf8FDENO  jyyang et al., J. Neurosci. Meth., 2012)
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Visual BCI
Eye-tracker
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Abnormal eye
movements
(Donaghy et al.,
2011)
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Dr. House, Season 5, EP 19
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(Limetal., J. Neural Eng., 2013)




“Eyes-Closed” SSVEP-based BCIl: LED-Glasses

A New BCI Paradigm Based on Visual Selective Attention

(Limetal., J. Neural Eng., 2013)
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A patient with severe ALS (41 yrs old, 10 years with ALS), who has difficulty
in freely moving his eyes or opening his eyelids
4 preliminary questions: 100 % (4 out of 4)
10 main questions: 80 % (8 out of 10)

(Lim et al., J. Neural Eng., 2013)
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In the present study, we investigated whether ASSR can be a feasible feature for a
practical BCI system by implementing a modified BCI paradigm to classify one’s auditory
selective attention and by evaluating the classification accuracy of the BCI system.

wo09>

(Kim et al., J. Neurosci. Meth., 2011)




Potential Application: advanced ALS
patients, completely locked-in states
(CLIS) patients who has difficulty in
controlling eye gaze

Online BCI system:
A world-first ASSR-based
BCI system

You can watch the full video at
http://cone.hanyang.ac.kr

(Kim et al., J. Neurosci. Meth., 2011)




2007 - 2011 2007
2% 49, 6%

“ Motor imagery = Visual P300 = SSVEP = Non-motor mental imagery
© Auditory Hybrid © Etc

2009 2010 2011

1% 8y 6%
4% \.x

(Hwang et al., Int. J. Hum. -Comput. Interact., 2013)
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USA
China
Germany
Austria
UK
Japan
France
Taiwan
. Swiss (7) Mexico (2)
Singapore Spain (5) Rumania (2)
. Russia (5) Portugal (2)
Spain Malaysia (5) Sweden (1)
Poland (5) Greece (1)
Netherlands North Ireland (4) Slovenia (1)
Scotland (3) Thailand (1)
Canada Australia (3) Turkey (1)
Iran (3) Cyprus (1)
Italy Brazil (3) Colombia (1)
Israel (3) Argentina (1)
Korea Czech (2) Macedonia (1)
Belgium (2)
Demark
Others
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0 20 40 60 80 100 120
The number of published EEG-based BCI articles

(Hwang et al., Int. J. Hum. -Comput. Interact., 2013)




INNOVATION

Reading Stephen Hawking’s Mind to Keep His Voice
Alive

By Keith Wagstaff = July 02, 2012 4

Elke 151 EEEN wiweet|ss1| g1 1 () share | 44

Philip Low almost didn’t meet Stephen Hawking,

Eunning his own start-up, NeuroVigil, was
exhausting for Low and after his speech at the World
Science Festival in New Vork, the last thing he
wanted to do was socialize at an event at the
Metropolitan Museum of Art — even if Hawking was
supposed to be in attendance. As he was packing for
his flight home to San Diego in his hotel room, Low
suddenly had a change of heart.

“I thought to mvself, “When I was 12 vears old, 1
used to read Hawking’s books. I have a chance to
spend some time with him now. Am I really too busy to spend time with &= Email = Print
Stephen Hawking?™ says Low.
+ Share  # Comment

(MORE: 10 Questions for Stephen Hawking) W Follow @techland
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