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Abstract

Brain Computer Interface (BCI) aims to translate
the brain signals, reflecting the neural activities of
brain evoked by external stimuli or mental tasks, into
the corresponding commands, which thus provides a
direct communication between human brain and
machine. P300 based BCI has demonstrated to be
one of the most reliable and subject independent
paradigm. However, the existing P300 based BCI
only uses single modality, i.e., visual stimuli evoked
potential. In this paper, to further improve the
reliability of BCI system, we develop a hybrid BCI by
using auditory and visual stimulus simultaneously.
Experimental results demonstrate that the event-
related potentials evoked by hybrid stimulus are
significantly different with single visual evoked
potentials, and our hybrid BCI shows more reliable
performance than the traditional P300 BCI system.

Keywords: Brain Computer Interface (BCI),
Electroencephalography (EEG), Linear discriminant
analysis (LDA).

1. Introduction

BCI provides a direct way of communication
between brain and outer devices. BCI captures
signals reflecting neural activities of the brain under
the condition of external stimuli or mental tasks and
directly translate these signals into corresponding
commands. The basic configuration of BCI is shown
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Fig. 1: Basic configuration of BCI

in Fig. 1. Because of such characteristics, BCI is
attracting attention for physically handicapped
people, such as patients with amyotrophic lateral
sclerosis and elderly [1]. In the past decades, BCI has
been achieved a significant progress in research and
application, such as, psychophysiology of P300 [2],
auditory oddball ERP [3], checkerboard paradigm [4],
BCI mouse [5], BCI wheelchair [6], motor imagery
[7], robotics [8], etc.

For SSVEP based BCI, LED or liquid crystal
display (LCD) are used as a flicker stimulus (from 3
to 70 Hz). When the test subject is looking at the
flicker stimulus, the brain signals show significant
synchronization with the same frequency of the
stimulus [9]. Though SSVEP based BCI is almost
effective for anyone [10], the flick stimulus can
cause visual fatigue. ERP (event related potential) is
the change in potential of brain waves evoked by
mental task and cognition [11]. P300 is a kind of
ERP which appears 300 ms after the presentation of
stimulation (visual, tactile, auditory, olfactory, taste,
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etc.). Motor imagery (MI) based BCI is an interface
that users can input commands by imagining the
movement of a certain body part [12]. Compare with
P300 and SSVEP based BCI, the advantage of MI
based BCI is that the stimulus is unnecessary.
However, it not effective for anyone.

In the previous studies, the EEG based BCI
system usually uses a single type of external stimuli,
such as auditory [13] or visual [14] stimuli. By using
the single external stimulus, people are easy to be
influenced by outside noise and this can affect
significantly the experiment results. A comparison of
visual stimulus and audiovisual stimulus is given
[15]. In this study, we developed a hybrid BCI
system based on P300 evoked by auditory and visual
stimuli simultaneously. These two type of stimulus
can evoke the essentially different ERP with visual
evoked ERP. We conduct experiments and show that

the enhanced P300 appears under the hybrid stimulus.

The experiment results show that P300 evoked by
hybrid stimuli provide us a more reliable BCI system
with a higher performance than single stimulus.

2. Experiment and Method

2.1. Participants

Four male volunteers aged 20-26 years
participated in the experiments. All the participants
are healthy and normal vision and hearing. The
participants sit in a chair in a quiet room and 30 cm
away from an LCD monitor (14 inch, 1920*1080, 60
Hz refresh rate).

2.2. Equipments

We use the g.Tec EEG system (a 32-channel EEG
cap (11 electrodes), and a g.USBamp amplifier). The
location of the electrodes is selected at Fz, Cp5, Cz,
Cp6, Pz, PO7, Oz and POS8. The system is 10-20
international system. The ground electrode is placed
on the forehead (Fpz) and the reference electrodes
are placed on the left earlobe (A1) and right earlobe
(A2). All the electrode locations are shown in Fig. 2.

The EEG signals are amplified and digitized by
g.USBamp amplifier with a 256-Hz sampling
frequency rate. EEG signals are processed by a
bandpass filter between 0.5-30 Hz and a notch filter
50 Hz to remove the AC artifacts. All the processes
are controlled by Simulink/Matlab (Mathworks Inc.,
USA).

2.3. Auditory stimuli experiment

In the auditory stimuli experiment, the image
shown in Fig. 3 is displayed on the LCD monitor.
Number 1 to number 8 represents 8§ different targets,
characters under the numbers represented the

Fig. 2: The location of electrodes
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Fig. 3: Auditory stimuli based experiment
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Fig. 4: Experiment process

corresponding sounds for each number. The target
number sequence is displayed in the center target
box.

Experiment contains a training phase and an
online test phase. In the training phase, 8 different
targets are set as 8 runs, and each run consists of 5
trials. Every trial has 8 sub-trials, shown in Fig. 4 (m
= 8, n =5). At the beginning of each trial, there is a
one second stop for the subject to see the target
number, then 5 trails will perform. In every trial, 8
auditory stimuli (sub-trial) randomly play the 8
sounds for once, the auditory stimulus presentation
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Fig. 6: P300 component
duration is 150 ms and inter stimulus interval (ISI) is
100 ms. Participants are instructed to perceive the
target sound and silently count how many times the
target sound has happened.
In each sub-trial, a 500-ms data segment of EEG
after baseline corrected by 100-ms pre-stimulus
interval is extracted. The training phase includes 320 Target +
data segments consist of 40 targets and 280 non- 12345678
targets. Then the 320 data segments are used to train Sound
a linear discriminant analysis (LDA) classifier which
is applied to the online test.
In the online test phase, we perform 30 target
numbers (30 runs, m = 30), and each run consists of

2 trails (n = 2). In each sub-trail, a data segment is
extracted, and use the classifier to calculate the
posterior probability for the target class. Then, the
stimulus number with the maximal posterior
probability is considered as the target number.

2.4. Audiovisual stimuli experiment

In the audiovisual stimuli experiment, when the
auditory stimulus is happening, at the related
number’s location, a face image appears, as shown in
Fig. 5. The image stays for 150 ms and then
disappears for 100 ms. Participants are instructed to
focus on the location of the target number and to
silently count how many times the target (sound and
image) has happened.

3. Experiment Results

The results of the P300 component in each channel
are shown in Fig. 6. The red curve represents the
average of the target P300 component by auditory
stimuli and the blue curve represents the average of
the target P300 component by audiovisual stimuli.
From these results, we can see the target P300

Fig. S: Audiovisual stimuli experiment

component by audiovisual stimuli is more enhanced
than the target P300 component by auditory stimuli.

We conduct the experiment 4 times with 4
participants. The accuracy of classification results is
shown in Fig. 7, from this result, we can see for each
subject the classification accuracy of audiovisual
stimuli is higher than the classification accuracy of
auditory stimuli. The average value of the results for
4 participants is shown in Fig. 8. As can be seen
from the results in Fig. 7 and 8, the accuracy of
audiovisual stimuli is higher than the accuracy
auditory stimuli.

4. Conclusions

In this paper, we developed a hybrid BCI system
based on P300 evoked by auditory and visual stimuli
simultaneously, From the results, we can see the
target P300 component by audiovisual stimuli is
more obvious than the target P300 component by
auditory stimuli, and the classification accuracy of
audiovisual stimuli is higher than the classification
accuracy of auditory stimuli. Future works will focus
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on different stimulus and improve the accuracy of
classification.
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