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Abstract – One of promising BCI based system is SSVEP (Steady-
State Visual Evoked Potential). There is variety of methods to 
feature extract and classify information from obtained EEG 
signal. This paper presents several methods where FFT and PSD 
based methods were used. The results show that simple FFT 
algorithms can achieve very high accuracy without need to use 
more complex classification methods. 
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I.  INTRODUCTION 
Brain-Computer Interface (BCI) has a great potential in 

variety of technological uses, as in medical, educational, 
entertainment or device control areas. One of promising BCI 

 due 
to its inexpensive and small size equipment required for use.  
This method is based on brain activity, specifically 
electroencephalography (EEG) signal. In noninvasive 
applications, signal is recorded or measured by electrodes 

This 
provides option such as to control devices only due t
frequency stimulation which is useful especially in medicine as 
speller for paralyzed patients (method P300) [1]. 

In BCI in general the signal is pre-processed, features are 
extracted of him and classified afterwards. There is number of 
ways to execute mentioned steps, varying from simple to more 
complex [2, 3, 4, 5].  

This paper introduces several FFT and PSD based methods 
with minimal preprocessing and several simple evaluation 
algorithms. For comparison, another study [6] from 2016 is 
used, where evaluation method based on simple FFT is used.  

II. DATA AQUISITION 
For testing and comparison purposes, free available AVI 

SSVEP dataset of EEG signal [7] is used. Here, four healthy 
 targets of various 

frequencies to trigger SSVEP responses. Specifically 6, 6.5, 7, 
7.5, 8.2, 9.3 and 10 Hz. Each stimulus lasted 30 seconds and at 
least three recording for each frequency on each subject were 
carried out. Data were recorded using three electrodes (Oz, Fpz, 
Pz). The signal electrode is placed at Oz while reference is at 
Fz and ground at Fpz using the standard 10-20 system for 
electrode placement. The only processing applied on the data is 
an analog notch filter at the mains frequency (50 Hz). Sampling 
frequency was 512 Hz. 

As a second dataset (SS SSVEP), for accuracy testing, EEG 
signal by exposition to very same frequencies was recorded. 
Again, four healthy subjects were exposed to stimulus. Each 
stimulus lasted 15 seconds and three recording were carried out 
for each frequency. Two signal electrodes were placed at Oz 
and O2, while ground and reference electrodes were placed at 
ear globes. Data were recorded using OpenBCI Ganglion board  
HW and BrainBay, third party software. The 50 Hz filter within 
software was applied. Sampling frequency used was 200Hz. 

After evaluation, second electrode (O2) was not considered 
as results were degraded by it consistently varying from 5% to 
20% for different frequencies.  

III. FEATURE EXTRACTION AND CLASSIFICATION 
In this section the evaluation methods are described.  

Most common feature extraction method in SSVEP is 
realized by performing FFT of a signal.  Fast Fourier transform 
computes DFT of a sequence, therefore converts signal from 
time to frequency domain. Response of recorded EEG signal of 

frequency domain diagram after applying FFT. 

All evaluation methods were applied to full length samples. 
First harmonics “1.h” is considered in most of methods. 
Extension of some methods is considering second harmonics 
“2.h” (  methods) as measurement 
also. 

Another extension for each method is exponentiation “^2” 
(second squaring) of spectral values. Using second square roots 
of values was also considered but decreased accuracy in every 
case, therefore is not presented. 

Several methods based on FFT were developed to measure 
accuracy of frequency classification. FFT methods are based on 
Matlab 
afterwards, its position on y - axis is found/calculated, 
providing exact frequency. First, the range of frequency classes 
were set as stated in Table 1.   

First harmonics frequencies are also considered in most 
methods, therefore base frequency doubles and range remains 
the same (6 Hz; 11.75 – 12.25 etc.).  Same goes for second 
harmonics. 
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TABLE I.  FREQUENCY RANGE 

Base frequency Range 

6 Hz 5.75 - 6.25 Hz 

6.5 Hz 6.25 - 6.75 Hz 

7 Hz 6.75 – 7.25 Hz 

7.5 Hz 7.25 – 7.85 Hz 

8.2 Hz 7.85 - 8.75 Hz 

9.3 Hz 8.75 - 9.65 Hz 

10 Hz 9.65 - 10.35 Hz 

A. Max 
1) ‘Max A’ 

First method excludes all maximum frequencies out of range 
5.75 – 10.35 Hz. 
replaced by 0 value being found until it can 
be classified within borders.  

2) ‘Max A / 1.h’ 

In this method, if highest found 
frequency or its first harmonics, it is considered as right 
outcome.   

3) ‘Max A + 1.h (+ 2.h)’ 

considered range and 
sums spectral value of base frequency and its first harmonics 
(or also second). Group with maximal value is found 
afterwards. 

B. PSD 
Based on FFT, another often used feature extraction method 

is calculation of Power Spectrum Density. In this case, range of 
all frequencies are adjusted to have the same length, which is 
+-0.25 for each (8.2; 7.95 – 8.45, 10; 9.75- 10.25 etc.). PSD in 
this case is considered as sum of FFT values within given range. 

1) ‘PSD A’ 

First PSD method finds band with the highest PSD value. 

2) ‘PSD A / 1.h (/2.h)’ 

In this method, highest PSD sum value belonging to band of 

successful outcome.   

3) ‘PSD A + 1.h (+ 2.h)’ 

Band values of base frequency and its first and second 
harmonics are summed and group 
correct outcome. 

C. Aditional methods 
Two additional methods were tested. One of them was based 

 Second method was 
based on Matlab function 

[8] that can be 
considered as gain against ground, smaller or parent   

1) ‘Prominence A’ 

Highest prominence in base frequency range was found, 
similarly to ‘Max’ method.   

2) ‘Prominence A / 1.h’ 

Highest prominence within base and harmonics range was 
found. If base frequency or its harmonics prominence was the 
highest one, it was considered as winner.   

3) ‘Prominence A + 1.h + 2.h’ 

Highest prominence in each range was found and 
prominences from base and harmonics (first and additionally 
second) were summed. Groups were then compared and group 
with highest value was found.  

4) ‘Teams’ 

In each range, base and first harmonics frequency, largest 

case. 
smallest one obtained only one point. Team consisting of base 
and harmonics had its points summed and afterwards team with 
highest score was found. 

IV. EVALUATION OF RESULTS 
Each dataset contained target frequency information that was 

used for evaluation. Samples were compared to target 
frequency, and all right-classified samples were divided by total 
number of measured samples giving accuracy percentage. 
Therefore, methods using STFT consist of bigger number of 
results. For better legend understanding, if method using second 
harmonics has same results as method using only first 
harmonics, second harmonics indication is placed in 
parenthesis “(+2.h)”. Same goes for “(+)” and “(/)” and 
exponentiation “(^2)” methods/extensions. 

A. AVI SSVEP DATASET  
All methods were developed, tested and applied on AVI 

SSVEP DATASET with varying results on different subjects.  
1) Method ‘Max’ 

Methods are compared with results (“comp”) from [6] as FFT 
 in Fig. 1. In this 

case, exponentiation and second harmonics had no effect on 
decision accuracy. 

 
Figure 1. Comparison for group of ‘Max’ methods 
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2) Method ‘Prominence’ 

Using second harmonics 
prominence proved to slightly improve results as shown in Fig. 
2. Also, exponentiation of FFT improved results for methods 
‘Prominence A’ and ‘Prominence A/1.h’ with one case of 
accuracy decrease for one frequency for the latter method. 

 
Figure 2. Comparison for first group of ‘Prominence’ methods  

3) Method ‘PSD’ 

Using second harmonics had no effect on method ‘PSD 
A/1.h’ as shown on Fig. 3 but had slightly improving effect on 
method ‘PSD A + 1.h’ as seen in Fig. 4. In this case, 
exponentiation of values had positive effect in case of ‘PSD A’ 
and ‘PSD A + 1.h (and also + 2.h)’ visible in both figures. 

 
Figure 3. Comparison for first group of ‘PSD’ methods 

 
Figure 4. Comparison for second group of ’PSD’ methods 

4) Method ‘Teams’ 

Last method had also good results varying above 90% for 
each frequency. Exponentiation of FFT values had no effect. 

In Fig. 5, comparison of methods of each type with best 
results is shown, including last method ‘Teams’.  

 
Figure 5. Comparison for best methods of each type 

B. SS SSVEP DATASET  
Same methods were applied on SS SSVEP dataset. Results 

of ‘Max’, ‘Prominence’ and ‘PSD’ methods are shown on Fig. 
6, 7 and 8. Applying exponentiation had slightly positive effect 
on ‘PSD A’ and ‘PSD A + 1.h + 2.h’ methods only as shown on 
Fig. 8. 

 
Figure 6. Results of ‘Max’ methods. 

 
Figure 7. Comparison for ‘Prominence’ methods 
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Figure 8. Comparison for ‘PSD’ methods 

Comparison for best methods applied on SS SSVEP 
DATASET is shown on Fig. 9. 

 

Figure 9. Comparison for best method of each type 

C. Both dataset comparison 
Best methods of each type were compared on both datasets 

and results are shown on Fig. 10. For comparable length, only 
first 15 seconds from each AVI SSVEP sample was used. 
Overall mean accuracy was 94,14% for AVI dataset and 
91,27% for SS dataset, concluding that AVI dataset was slightly 
better for 15 seconds length time window. 

 

Figure 10. Comparison for best method of each type on each dataset 

Lastly, two best evaluation methods were chosen and 
compared on both datasets in Fig. 11. In this case, spectral 

values were evaluated using STFT of various length and 1 
second shift. Length of this windows is 1, 3, 5, 15 and 30 (only 
for AVI SSVEP) seconds as shown on X-axis.  

 

Figure 11. Comparison for two best methods on each dataset 

V. CONCLUSION  
This paper presented a review of several FFT based methods 

 
For this purpose, another dataset was recorded. The results 
show that high accuracy can be obtained only by performing 
basic FFT and simple evaluation methods, in comparison with 
more complex algorithms where other processing and 
classification steps are used. Also, multiple algorithms provided 
better results than those of compared study [6]. Based on last 
comparison graph for both datasets and various time windows, 
best evaluation method was ‘PSD A + 1.h + 2.h ^2’ and better 
accuracy results were achieved on SS dataset. 
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