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Abstract— This paper proposes a half-field steady state
visual evoked potential (SSVEP)-based brain-computer
interface (BCI) system to enhance the number of limited
commands obtained from the existing SSVEP-based BCI
methods. With the theory of vision perception and the concept
of the existing half-field SSVEP-based BCI system, we propose
the new stimulation pattern that, by using only one frequency,
four commands can be generated with the average
classification accuracy of approximately 77%. By using only
one frequency, eye fatigue can be reduced. Furthermore, this
method can be efficiently used to further increase the number
of commands for the existing SSVEP-based BCI system.

I. INTRODUCTION

Brain-computer interface (BCI) is the connection between
brain signal with computer to restore and enhance a
communication or normal activity of persons with
disabilities [1, 2]. Among many BCI methods, event related
potential (ERP) is one of the popular techniques, especially,
visual evoked potential (VEP). VEP technique is widely
employed in BCI system. VEP can be grouped into transient
visual evoked potential (TVEP) or P300 [3, 4] and steady
state visual evoked potential (SSVEP).

In this paper, we will mainly focus on the SSVEP
technique. SSVEP is the electroencephalogram (EEG) that
changes according to various visual stimulation patterns at
some specific frequencies [5]. For SSVEP-based BCI
system, flickering stimulator is commonly designed from the
light emitting diode LED, liquid crystal display LCD screen
and cathode ray tube CRT screen [6].

In order to increase the number of commands, some
researchers have allowed subjects to look at the different
flickering frequencies over multiple times [1, 2, 5, 7, §]. A.
Materka and M. Byczuk [9] present the technique called
half-field SSVEP for BCI system. By letting each eye looks
at two different frequencies at the same time, the single and
array LEDs at frequency range between 34-40 Hz are
investigated. The results illustrate that a good stimulator is
an array LEDs. In order to produce multi-command SSVEP
based BCI system, Z. Yan, et al [10] present the method that
utilizes a half-field bilateral flicker stimuli to form each
target by a combination of right-and-left frequencies. Even
though this paper illustrates the promising results, some
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subjects still have difficulties looking at two stimuli with
two eyes at the same time. Hence, efficient stimulator design
is an important problem for a half-field SSVEP system.

In this paper, we propose a new half-field stimulation
pattern of the SSVEP. With a single specific frequency, the
proposed pattern can lead to four commands. Besides that,
by using only one frequency, it is easily to focus with less
visual fatigue compared with the existing works.

II. PROPOSED METHOD

A human visual field is the area of the vision that human
can see the object with the eyes. A normal horizontal visual
field is 160 degrees; the nasal direction is 60 degrees and
temporal direction is 100 degrees. A normal vertical visual
field is 135 degrees. In order to maximize the efficiency of
the designed pattern, stimulation pattern is recommended to
put in the area of the visual field.

A. Half-Field stimulation pattern

In this paper, our half-field stimulator is designed to
match a human visual field. It consists of two black boxes
and one Light Emitting Diode LED surface mount matrix for
the flicking stimulator. Actually, any frequencies can be
used, but for the simplicity on hardware implementation, this
paper employed 7 Hz flickering frequency. The location of
the designed stimulator is shown in Figl.

According to the stimulation pattern in Fig.1, with only
one frequency in the middle, four commands can be
generated by looking at the stimulation according to the
focusing method in Fig.2. All four commands can be listed
in Tables I and II. According to Table I, four commands
come from 1) both eyes looking at the left black box, 2) both
eyes looking at the right black box, 3) both eyes looking at
the LED box, and 4) both eyes are closed. According to
Table II, four commands come from 1) closing right eyes
and looking at the LED via left eye, 2) closing left eyes and
looking at the LED via right eye, 3) both eyes looking at the
LED box, and 4) both eyes are closed.
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Fig.1 A half field flickering SSVEP based BCI system
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Fig.2 Focusing patterns to stimulator with a half and full visual
fields.

B. EEG Acquisition and Real-Time Processing
The lead selection for SSVEP is located on both sides of

TABLE 1
NORMAL FOCUSING PATTERN FOR HALF- FIELD SSVEP
Target for Focusing
Command
Left eye Right eye
1 LED Black box
2 Black box LED
3 LED LED
4 Close Close
TABLE II
CLOSING ONE EYE FOCUSING PATTERN FOR HALF-FIELD SSVEP
Target for Focusing
Command
Left eye Right eye
1 LED Close
2 Close LED
3 LED LED
4 Close Close

the occipital region, i.e. Ol and O2. For the reference
electrode, in this paper, we will investigate for the suitable
one between reference channels from the central lobe C3, C4
and the parietal lobe P3, P4. Reference channel is used for a
common mode noise rejection to enhance a SSVEP signal
[11]. Two bipolar channels are acquired using the EEG
amplifiers BIOPAC™ system. The electrode positions are
according to the international 10-20 electrode placement
system.

For the preprocessing, the acquired signals are filtered by
analog band pass filter with cut off frequencies 1 and 35 Hz.
A 50 Hz analog notch filter is also employed to remove a
power line noise. The analog to digital A/D, NI USB 6009
multi-function data acquisition card is used for converting
those analog signals to digital data with the sampling rate of
128 Hz.

C. Algorithm

In this paper, we also design the algorithms in order to
extract the feature that can be simply used to classify SSVEP

signal into four commands according to the half visual field
stimulation with one flickering frequency at 7 Hz. First and
second harmonic frequencies are also used for the response
detection [12, 13]. Before using the proposed system, the
user needs to perform a three calibration processes as
follows:

1) Record a spontaneous EEG baseline values BL7o; and
BL7¢, that are the maximum magnitudes of power spectrums
of channels O1 and O2 among 7, 14 and 21 Hz, i.e.

BL701 = max (PS7, PS]4, PSZ]) (1)
BL702 = max (PS7, PS]4, PSZ]) (2)

where PS; is a magnitude of power spectrum at the
frequency i Hz calculated from Welch periodogram.

2) Focus at blinking LED with both eyes for 5 seconds and
record for the maximum power spectrum of each channel O1
and O2 among 7, 14 and 21 Hz, i.e.

Pm701 = max (PS7, PS]4, PSZ]) (3)
Pm702: max (PS7, PS]4, PSZ]) (4)

Then calculate for the threshold values T7q; and T7q;:

T701 = Pm701 — (Pm701/4) where Pm701 > BL701 (5)
T702 :Pm702— (Pm702/4) where Pm702> BL702 (6)

3) Close both eyes and record the maximum power
spectrum at Ol among alpha band frequency (8-13 Hz)
denoted as P, [14], then calculate for threshold value

T alpha:
Talpha = Pmax - (Pmax/4) (7)

The algorithm for half-field SSVEP detection can be
summarized followed as

1) Define Pyjpn, as the maximum power spectrum (PS) of O1
channel among alpha band frequency (8-13 Hz).
2) If Pyipha > Taipha then make the decision as command 4 by
followed Tables I or II.
3) Define F;; as the maximum power spectrum (PS) of Ol
channel among 7, 14 and 21 Hz, then calculate A,

A; = (Pm7o,—F71)

4) Define Fy, as the maximum power spectrum (PS) of O2
channel among 7, 14 and 21 Hz, then calculate A,
A, = (Pm70,—F7)

5) If F5; > T70; and F;, > T7o, then make the decision as
command 3.

6) If A; > A, then make the decision as command 1.

7) Else if A; <A, then make the decision as command 2.

8) In other cases, No command is selected.

1102



III. TESTING AND RESULTS

There are 4 volunteer subjects to test a performance of our
proposed system. Before testing, all subjects are trained to
perform the proposed system for 15 minutes. For the
experiment, each subject performs 4 trials. A comparison
between 2 positions of reference electrode P and C as (O1-
P3, O02-P4) and (O1-C3, 02-C4) are also tested. Each
position is tested with 2 focusing pattern according to Tables
I and II. Each trial contains 10 times of each focusing pattern
perform, hence, in total, we have 120 commands per trial.
The results are summarized in Table III.

According to Table III, the results of half-field SSVEP for
BCI system report the accuracies ranged between 60% to
86.67%. This means that the proposed pattern is likely to be
valid to all of the subjects. Increasing more subjects to
further verify our claim is listed as our future work. For the
reference electrodes comparison, the accuracy using parietal
position is higher than wusing the central position.
Furthermore, the results show that normal focusing leads to
better performance than trying to close one eye and looking
at the stimulation patterns. According to the time
consuming, each command consumes the average time of
approximately 4 seconds.

IV. DISCUSSIONS

According to the results, a possible position of reference
electrode for our stimulation method should be the one that
located near the occipital region. This position will make the
reference electrode efficiently reject a common mode noise
to enhance a SSVEP response. The performances of the
proposed system have the average accuracy ranging between
71.65% - 77.5% by using approximately 15 minutes for the
training session. The normal focusing pattern seems to
achieve better result than closing one eye. However, subject
1 and subject 4 have ability to perform better via one eye
closing. Increasing the training time might lead to higher
accuracy.

Regarding the comparison between the previous method
and the proposed method, for the proposed method, the
worse accuracy that we get is 60% with one eye closing and
66.67% with normal focusing pattern. For the previous
method in [10], some subjects could obtain a high accuracy.

However, some subjects could not simultaneously focus at
TABLE III
THE RESULTS OF HALF FIELD SSVEP BASED BCI SYSTEM

% Average accuracy

Subject If; (;Z‘:;ll:g (01-P3) (01-C3)
(02-P4) (02-C4)
1 Normal 66.67 70
Close one eye 83.3 60
’ Normal 80 76.7
Close one eye 60 70
3 Normal 833 76.7
Close one eye 73.3 70
4 Normal 80 70
Closed one eye 70 86.67
Average Normal 715 73.35
Close one eye 71.65 71.67

the two flickering frequencies which lead to the decreasing
in accuracy. Therefore, the proposed stimulation is one
possible way to solve the existing half-field SSVEP-based
BCI problem.

Regarding the further use of the proposed method, if we
add our system to each stimulation frequency of the normal
SSVEP-based BCI system, we can get more commands by at
least 3 times (excluding closing both eyes, command 4).
This is one way to solve the difficulty for increasing the
number of commands for the SSVEP-based BCI besides
increasing the fundamental frequencies. The GUI and
corresponding system for employing and processing the
proposed method is also developed as shown in Fig.3(b).
Fig.3(a) also demonstrates the experimental setup on
employing the proposed system in real-time for turning
on/off the selected electrical devices according to four
commands with one flickering frequency at 7 Hz.

V. CONCLUSIONS

In this paper, we have proposed the new half-field visual
stimulation pattern. By employing the proposed pattern, with
only one flickering frequency, we can generate 4 commands
with the acceptable classification accuracy. Furthermore,
possible electrode position regarding the proposed pattern is
also investigated. This method can be further applied to
increase the number of commands in the normal SSVEP-
based BCI system.
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(b)

Fig.3 (a) The experimental setup and the proposed half-field visual
stimulation pattern, (b) GUI and the corresponding system of the proposed
method during the real-time processing for turning on/off the selected
electrical devices according to 4 commands with one flickering frequency at
7Hz
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