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EEG Based Brain-Computer Interface System Using
Time-multiplexing and Bio-Feedback

Ii-Han Bae, Sang-Woo Ban, and Minho Lee

Abstract

In this paper, we proposed a brain-computer interface system using EEG signals. It can generate 4 direction command
signal from EEG signals captured during imagination of subjects. Bandpass filter used for preprocessing to detect the
brain signal, and the power spectrum at a specific frequency domain of the EEG signals for concentration status and non-
concentration one is used for feature. In order to generate an adequate signal for controlling the 4 direction movement,
we propose a new interface system implemented by using a support vector machine and a time-multiplexing method.
Moreover, bio-feed back process and on-line adaptive pattern recognition mechanism are also considered in the proposed
system. Computer experimental results show that the proposed method is effective to recognize the non-stational brain

wave signal.
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Fig. 2. EEG measurement environment.
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Table 1. Consecutively paired mental task assignments for
4-class identification

Mental task Mental task

Class (Ist Phase time)  (2nd Phase time)
Up Concentration Concentration
Down Concentration Nonconcentration
Left Nonconcentration Concentration
Right Nonconcentration Nonconcentration
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Table 2. The recognition result of 4-direction per subject
(initial experimental results using recognizer

training after 40 trials)

Confusion matrix (%)

Subject recognition Up Down Left Right
target

Up 100 0 0 0
A Down 30 70 0 0
(60%) Left 50 0 50 0
Right 30 30 20 20
Up 70 0 30 0
B Down 60 30 10 0
(42.5%) Left 50 0 50 0
Right 40 30 10 20
Up 30 20 20 30
C Down 20 20 10 50
(32.5%) Left 20 20 0 60
Right 0 20 0 80

E 3. JYAPE 49 914 A0 trial F 2147] T2y
S5 Wg-aE E ¥ A9 vjolE)
Table 3. The recognition result of 4-direction per subject

(experimental results after repeat training)

Confusion matrix (%)

Subject recognition

Up Down Left Right
target
Up 90 0 10 0
A Down 10 90 0 0
(87.5%) Left 0 0 90 0
Right 0 20 0 80
Up 70 10 20 0
B Down 50 50 0 0
(47.5%) Left 50 0 50 0
Right 20 50 10 20
Up 40 30 30 0
C Down 20 30 40 10
(40%) Left 10 20 30 40
Right 10 20 10 60
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Table 4. The recognition result of 4-direction per subject
(initial experimental results using recognizer
update after every trial)
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Confusion matrix (%)

Subject recognition

Down Left Right
target

: Up 100 0 0 0

A Down 30 70 0 0

(67.5%) Left 30 0 70 0
Right 20 30 20 30

Up 70 0 30 0

B Down 40 50 10 0

47.5%) Left 40 10 50 0
Right 30 40 10 200

Up 70 20 10 0

C Down 60 20 20 0

(35%) Left 40 20 40 0
Right 40 0 50 10
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Table 5. The recognition result of 4-direction per subject
(experimental results after repeat training using
recognizer update after every trial)

Confusion matrix (%)

Subject recognition Up Down Left Right
target
0
Up 80 0 20 0
A Down 10 90 0 0
(85%) Left 10 0 90 20
Right 0 20 0
Up 60 20 20 0
B Down 10 80 0 10
(55%) Left 50 0 50 0
Right 10 40 20 30
Up 70 20 10 0
C Down 50 30 20 0
(42.5%) Left 20 20 50 10
Right 40 0 40 20
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