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Abstract: Stimuli types are very crucial for the performance of electroencephalogram (EEG) based brain computer interface (BCI)
systems. This study aims to investigate methods for obtaining higher information transfer rate (ITR) through duty cycle and brightness
variation of visual stimuli which have high frequency for steady state visual evoked potential-based BCI. Although previous studies were
concentrated on either duty cycle or brightness of stimuli separately, our study focused on the change of duty cycle ratio and brightness
of stimuli at the same time. Duty cycle values of 40%, 50%, and 60% were used. During the experiment, 16 flickering stimuli were used
on liquid crystal display. Participants gazed to the flicker which had frequency of 15 Hz. Canonical correlation analyses (CCA) was used
for channel selection and frequency detection. According to the CCA, the maximum average accuracy of the experiment was 92.54%
when the frequency of flicker was in beta band and its duty cycle was 40% with a brightness tuning wave. Under the same conditions
stated above, average ITR was improved 16.1% according to the most commonly used flicker model which is square wave and has 50%

duty cycle.
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1. Introduction

Brain computer interface systems gives chance users to
communicate with external devices without using peripheral
neuromuscular systems. There are many brain imaging methods,
such as electroencephalography (EEG), functional magnetic
resonance imaging(fMRI), magnetoencephalography (MEG), and
and near-IR spectroscopy (NIRS) have been adopted BCI systems
[1], [2]. In BCI systems, the commands are identified by
extracting Electroencephalograms (EEG) which measures the
electric field generated from brain. EEG based BCI systems is
preferred for other BCI system because of practical use, low cost,
good response, portability [3].

There are some most common approaches to EEG based BCI
systems  that  are P300 potentials, event-related
(de)synchronization (ERD/ERS), slow cortical potentials,
oscillatory activity, and visual evoked potentials (VEPS) [4-7].
The Steady state visual evoked potential (SSVEP) is a brain
response modulated by the frequency of repetitive visual stimulus
[8]. SSVEP is known to be most prominent at the occipital
location over the visual cortex.

The SSVEP-based BCI has been preferred due to high signal to
noise ratio and high information transfer rate (ITR) according to
other BCI approaches [9]. Moreover, the SSVEP has a short
training and response time [10].

The term of Information transfer rate is a very significant unit
that has been used to evaluate overall performance of BCI
systems [11]. Types of stimulus have very important role for high
SSVEP response that related on ITR that can be described as
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information transmitted in bits per minute (bpm).

Thus, there are many studies for investigate best stimuli type for
SSVEP based BCI systems. Wu (2010) [12] proposed that %40
duty cycle ratio when the flicker was 10 Hz, SSVEP response
reached highest value. Shyu et al. (2013) [13] made a SSVEP-
based BCI system that using FPGA, which based on duty cycle
ratio. Manyakov et al. (2013) [14] showed that sampled
sinusoidal stimulation enabled for encoding more targets and
elicited SSVEP response with a significantly better phase
stability. Moreover, Chen et al. (2014) [15] presented sampled
sinusoidal stimuli for SSVEP response. According to result of
this study, ITR value was reached the highest one when the
flicker was at low and high frequencies.

In recent years, researchers presented many approaches to make
and develop SSVEP based BCI systems.

In this study we aimed to investigate effect the change of duty
cycle ratio and brightness of stimuli at the same time, although
previous studies were concentrated on either duty cycle or
brightness of stimuli separately.

2. Material and Method

Five healthy participants (males, mean age 29 years, corrected to
normal vision) joined experiments in this study. Participants
didn’t have any history of epilepsy and psychiatric disorders.

2.1. Experimental Structure

In the experiments, SSVEP stimulator software was created by
C# programming language. This SSVEP stimulator software is
portable and functional. As shown in Figure 1, according to the
main menu of software, colour of flickers and background, size of
flickers, frequencies of flickers, quantity of flickers, brightness of
flickers, duty cycle ratio of flickers could be changed by users.
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Figure 1. The SSVEP stimulator software setting menu.

The EEG were acquired from the scalp of the participants via 19
Ag/Ag-Cl electrodes. EEG electrodes placed according to the
international 10-20 system. During the study Nihon Kohden
Neurofax EEG-1200 EEG device was used for EEG data
acquiring.

The reference electrodes were placed over the left and right
earlobes. Ground electrode was on the intercilium point (the
space between the eyebrows). EEG data were sampled at 500 Hz.

2.2. Stimulation Types

In this study, we focused on the change of duty cycle ratio and
brightness of stimuli at the same time. Duty cycle values of 40%,
50%, and 60% were used. As shown in Figure 2, we used a
square pulse that was presented as Type | signal. Tperipqq IS
denoted the pulse cycle duration which is total of T,, and T,¢
that are defined stimuli on and off cycle durations
respectively. Ry, is denoted duty cycle ratio which is presented
in Equation 1.

Rduty:Ton+Toff (1)

Brighiness

Figure 2. Type | signal: stimulation signal is at square pulse.

In this study, we presented a novel stimuli type that variation of
brightness of pulse as shown in Figure 3. During the “on” status,
flicker’s brightness was on the increase within the equal time
span of T,,, = 9 till it reached to the peak value of Type | signal,

after increased, it was on the decrease till it reached to “off”
status within the equal time span.

Bnghtness
S = R W A

Time
Figure 3. Type Il signal: variable brightness when the flicker is
on status
2.3. Experimental Steps

During this study, as shown in Figure 4, 16 flickering stimuli
were showed on liquid crystal display (LCD). Participants were
seated 50 cm away from LCD with a refresh rate of 60 Hz.

Figure 4. The 16 Flickers on LCD

16 stimuli were 150 pixels x 150 pixels arranged in a 4 x 4
matrix.

Participants gazed to the flicker which had frequency of 15 Hz.
During the experiment, participant gazed to flicker 6 seconds,
after that 4 seconds for resting time. 10 trials were examined by
each participants for every duty cycle ratio and signal types that
include type | and type |1 signals.

2.4. Data Analysis

Canonical correlation analysis (CCA) is a multivariate analysis
that presented by Lin[16]. According to the Equation 2 CCA
investigates the maximum correlation between the two variables.

65) E[xTy]

maxp (x,y) = ————

P R xIE Y]
E[WIXYTW,]
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The weight vectors Wyand W, to maximize the correlation
between, linear combinations, x and y by Equation 2.
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max p (x,y) denoted as the maximum canonical correlation of
the W,and W,,. As shown in Figure 5, shows the CCA model was
presented. According to the model, X denoted EEG signal, Y;
denoted the reference signal.
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Figure 5. The CCA Model for SSVEP response analysis.

The reference signals were artificially generated with sinus and
cosines waves of the flicker’s frequency and their harmonics by
Equation 3.

sin(2nft)
( cos(2mft) \

= | t= — 2 (3)

\sin(Z;THft)
cos(2mHt)

Sixth-order Butterworth band pass filter with 5 and 20 Hz cut-off
frequencies was applied. After that CCA method was used.

CW, showed that brain frequency map. According to the result,
0,, 04, 0, EEG channels were used for data accuracy.

ITR is a very significant unit that has been used to evaluate
overall performance of BCI systems. ITR can be described by
following Equation.

DS 1og,N + Plog,P + (1 — P [(1_P)]
Command 042 042 ( )log, (N-1
Bit 60
ITR i (4)

= — X —
Command CTI

Where P denotes accuracy of classification, N denotes total
stimuli, CTI denotes command transfer intervals.

In this study, CTI is 6 seconds because of gaze time during in one
trial.

3. Result and Discussion

Experiments were completed without any problem. Table 2
shows that outcome of the experiment average accuracy and the
average ITR.

Table 1. Result of experiment according to the CCA based
method.

Duty ) Average ]

o Signal ) Average
Cycle Tn Accuracy ITR (bpm)
Ratio Ype (%) pm
40% Tyvpel §8.03 3004
40% Type II 9254 3289
0% Tyvpel 84908 2832
0% Type II 90.08 3142
ai0%a Tyvpel 80.68 2524
a0%a Type II B3.28 2692

Average ITR was improved 16.1% according to the most
commonly used flicker model which is square wave and has 50%
duty cycle. As shown in Figure 6, the highest average accuracy
was reached when the flicker’s duty cycle ratio was 40% and type
11 signal.

Average ITR (Bpm)

34

30
28 28,32

26

50% TYPE I 40% TYPE 11

Figure 6. The difference of average ITR and improved ratio.

As written before, ITR is a very important metric to show the
overall performance of BCI systems. There are different methods
to find out a high ITR; (1) increasing total stimuli, (2) improving
the accuracy, and (3) decreasing the command transfer intervals.
In this study, we aimed to improve ITR value by increasing the
accuracy with a new created signal type for stimuli.

We applied statistical test to the results shown in Table 2 to
examine whether the differences in the classification accuracy
were significant depending on the duty cycle and flicker type. A
one-way analysis of variance (ANOVA) was conducted on the
classification of accuracy for each flicker models, indicating that
the difference was considered significant at the p-value < 0.05.

4. Conclusion

It can be concluded that previous studies mainly focused on the
effects of either duty cycle pulses ratio or brightness of stimuli
separately. But, we aimed to investigate the effects of both
parameters at the same time. We optimized signal type and duty
cycle ratio.

Despite the fact that there is not enough knowledge for
characteristic attitude of brightness and duty cycle parameters
which are very important for ITR and accuracy in SSVEP-based
BCIl systems, in this study, for these parameters remarkable
results have been accomplished.
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