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Introduction
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Aims : Detect consciousness and restore communication
How ? With an auditory Brain-Computer Interface (BCl)
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Protocol

Instructions: To answer « Yes » : Please, pay attention to the right audio stream and try fo count
the deviant sound « Yes », without paying attention to the left.
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Analysis:
-Online (real-time) : BCl accuracy™**
-Offline (a posteriori) :

= evoked responses,

= design optimization

Sound
«Yes)

Datasefts:
- 18 healthy subjects
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Standard sound Duration deviant sound
150ms (x 6)

100ms (x 30)

One trial =~ 18 seconds

Methods : online data processing

e Bandpass filter (0.5-20 Hz)
e« spatial fiter (xXDAWN) Classification
 Averaged evoked responses

e Probabilistic binary classification (target/non-target)
for each trial type (Standard/deviant x Yes/No)

\

e Based on the combined posterior probabilities
in each trial

e Auditory feedback to the subject

Data sets:

calibration (14 trials)

Offline results

Healthy subjects (n=1
- 32 electrodes 15 electrodes i I ' ' e

STD

Accuracy ~ 86% ~81% 1 = v ] [ l

il
I

80

70
60 - —"
50

40

Accuracy (%)

ALLUravy
—{ ]
—]
— ]
——]

*

il g

~J
(=]

Accuracy

30 T T T
5 5TD, 1 DEV 10 sTD, 2 DEV 15 5TD, 3 DEV

16-electrodes set-up

3 sec 6 sec 9 sec
O 32-electrodes set-up

T T T
20 5TD, 4 DEWV 25 5TD, 5 DEWV 30 5TD, 6 DEV 30

12 sec 15 sec 18 sec

Stimulations

+ test (50 trials)

100 T

T -

50 +

40

Healthy subjects (n=18) Patients (n=7)

90 A

80+

Preprocess

1 Raw
I ICA I ICA

70 A

Accuracy

60

30 +

0] —— —

Preprocess
[ Raw —

30

T T T T T
Total sTD DEV YES NO Total STD DEV YES NO

Total: pool of all stimuli STD: pool of all standards DEV: pool of all deviants YES: pool of all « yes » NO: pool of all « no »

Stimulations

Individual evoked potentials

STANDARDS

0.4
Time (s)

Significant attentional modulation for each electrode
Method: Threshold-free cluster enhancement

Time (s)

(Smith and Nichols, 2009)
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Discussion

Attentional markers

- Standards: a steady-state potential arises at the frequency of the attended stimulus, its

shape varies across subjects

- Deviants: they elicit a P3b component

Clinical results
- Even when they control the BCl, patients show abnormal attentional modulation patterns

-  The impact of oculomotor impairment onto covert attention has to be further explored

Response to deviance

94 % (17/18)
83 % (15/18)
72 % (13/18)

29 % (2/7)
29 % (2/7)
42 % (3/7)

Conclusion

Auditory BCI

Show a drop of performance in conscious but severely paralyzed patients
Patients tend to show a very frontal activity that has to be explored
Attention abilities may be affected in case of severe (oculo-)motor impairment
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