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Context

Brain-computer interface (BCIl) is an emerging technology with
successful applications for both healthy and disabled individuals.
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Major EEG-based BCls challenges:

» EEG signal has low Signal-to-noise ratio (SN
» Great variability within and across subjects;
» High level of concentration and attention;

» Low reliability and usability.
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Error-Related Potential (ErrP): Double Detection
Approach

The ErrP Is an event-related potential generated naturally in the
brain when a person perceives a mistake.

The main goal of this approach:

» Automatic detection of error-related potentials (ErrPs) in order to
Increase the reliability and transfer rates of brain-machine
Interfaces.

» The use of ErrPs in a closed-loop, allowing the user to change

or confirm system decisions.
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On-line operation: demonstrative video
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video_ErrP.mp4
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Double ErrP Detection Approach
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Evoked potentials after correct and wrong feedbacks

EEG Signal at channel Fz EEG Signal at channel Cz 1° ErrP at channel Fz

:

Amplibade (Ut
Amplibude (Ut
Amplitude (uv)

0 0.2 04 06 0.8

02 04 0.6 0.8 1
time (s} titme (s)

EEG Signal at channel Cz _ Correct letter at chammel Fz

0 02 04 06 08 1

time (s} tima (z)

iphihde (uV)

Amplituide (Ut
Amplitide (Ut

=

—

[Sp]
Ymp

* The positive feedback is different from the ErrP.
« The waveform of 1st and 2nd ErrP is slightly different.
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Online classification performance

Pre-Acc PAO:E- Pre-ITR Post-ITR I;re- Post- B Pre- Post- Acc- I?r i:- N
(%) (%) (bpm)  (bpm) (b;C:) (bpt) eSPM  eSPM  ErrP, (%) (%)2 rep
S1 81,6 92,8 9,87 12,45 3,00 3,57 1,92 2,6 90,8 86,1 7
S2 93,2 94,7 15,96 16,49 4,10 4,20 3,34 3,46 96,3 81,3 5
S3 93,2 96,3 15,96 17,05 4,10 4,25 3,34 3,59 89,5 90,9 5
'§ S4 84,7 89,5 11,81 13,03 3,30 3,60 2,37 2,69 75,8 80,0 6
g S5 73,7 79,6 8,30 9,47 2,25 2,66 1,44 1,8 92,1 78,6 7
S6 95,8 95,8 14,85 14,85 4,35 4,35 3,12 3,12 76,3 92,2 6
S9 81,1 90,5 17,02 20,73 2,95 3,50 3,3 4,3 96,8 85,0 3
P1 75,0 79,6 8,55 9,47 2,38 2,63 1,52 1,8 89,5 84,8 7
Mean 84,8 89,9 12,79 14,19 3,31 3,60 2,54 2,92 88,4 84,8 5,80
zi:;‘j 5,1 1,4 0,29 0,38

* The proposed approach increased the accuracy of 5.1%.
 The 1st and 2nd ErrP were successfully detected at a single level.
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Towards User-friendly Brain-controlled
Wheelchair
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High level
of
attention

» We propose a minimum-effort
brain-controlled wheelchair that
combines:

| 1. collaborative control;
worldoad 2. self-paced control;
3. dynamic time trial.

Low BCI
performance

Attention
shifts and
fatigue
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Towards User-friendly Brain-controlled Wheelchair
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» Self-paced control: allows the user to issue a command only if
he/she desires and the BCI detects whether the user Is in a control
state or in a non-control state.

» Self-paced approach with static trial: uses a fixed number of
stimuli sequences.

» Dynamic time trial approach: automatically sets the number of
stimuli sequences according to user’'s context awareness.

» Collaborative-control: validates user's command according to the
navigation context.
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Demonstrative video
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Online BCW performance

Task1: self-paced mode with static trial Task3: non-self-paced mode with
static trial-time
Subjects cC NCC T Acz:(y_ol)BCI Acc(_o/IOB)CW « ,(0:)2;:_80 @/:():_BCW
S1 8 61 7,1 95,7 100,0 85 75,3 88,2 > The Self-paced COﬂthl
52 12 72 5,9 97,6 100,0 73 97,3 97,3 enormously reduced
S5 10 78 7,1 100,0 100,0 71 94,4 94,4 :
S6 10 66 7,1 97,4 100,0 85 91,8 96,5 commands, the user's
S8 7 57 8,4 96,9 100,0 62 82,3 95,2 workload, and
S9 14 49 7,1 92,1 100,0 71 88,7 97,2 consequently, it
Average 10,3 63,0 7,1 97,1 100,0 73,1 89,1 94,6 )
P1 14 63 71 92,2 98,7 - . B} increased the BCI
P3 23 104 7,1 94,5 100,0 - - - accuracy in 8.0%.
P4 13 85 7,1 93,9 100,0 - - -
P7 13 68 7,1 91,4 98,8 - - -
P8 17 77 5,9 98,9 100,0 - - -
P9 12 66 7,1 97,4 100,0 - - -
Average 15,3 77,2 6,9 94,7 99,6
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Online BCW performance

Task2: self-paced mode with dynamic trial (DTT)

Subjects  CC NCC  TT(Max) TT(Min) TT(Mean) "cc-BCl Acc BCW

(%) (%)
51 / 27 > 47 >> 91 971 > With the DTT approach, BCI
S2 11 31 8,4 3,5 4,9 100,0 100,0 y .
s3 14 57 96 5.9 67 1000 1000 speed vs. user’s performance is
S5 10 31 5,9 4,7 5,8 97,6  100,0 adjusted online.
S6 19 30 9,6 5,9 6,4 89,8 100,0
S8 10 23 10,8 5,9 8,0 93,9 100,0 .
59 a1 73 8.4 4,7 63 828 96,9 » DTT reduced the time to select a
Average 16 27,4 8,4 5,0 6,2 94,5 99,1 command in about 1 s, although
P1 9 33 7,1 7,1 7,1 95,2 100,0 . .
03 26 2 G e 55 = T it decreased the BCI accuracy in
P4 9 31 9,6 5,9 7,1 97,5  100,0 about 2%.
P7 12 79 5,9 4,7 5,7 94,5 98,9
P8 13 50 4,7 3,5 4.4 100,0 100,0
P9 8 31 7,4 5,2 6,2 87,2 100,0
Average 14,5 43,3 7,4 5,2 6,2 92,7 99,6

Coimbra, 14 July 2022 ISR-UC



15t Open day & Workshop @ISR-UC

Conclusion

» Low reliability and usability are the major drawbacks of current
BCls, which limit their use outside laboratories.
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» Using the proposed double ErrP detection there was an
Improvement in the BCI online accuracy around 5%.

» The proposed approach that combines collaborative control,
self-paced control, and dynamic-time commands was extremely
effective with overall accuracy greater than 99% for both able-
bodied and motor disabled participants.
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Thank you for your attention!
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