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Abstract: 
 

 

Steady state visual evoked Potential (SSVEP) is a periodic signal appeared into the recorded 
electroencephalography (EEG) signal. The presence of unwanted signal associated with recorded EEG 
Signal may deteriorate the performance of SSVEP BCI system. A good detection algorithm is essential to 
improve the performance of SSVEP- BCI system. In this Paper, the author employed a filter bank approach 
of Discrete Wavelet Transform to decompose the raw EEG signal into sub-bands of different center 
Frequency. Then, Power spectrum density analysis (PSDA) using Fast Fourier Transform (FFT) is employed 
on the selected sub-band to detect SSVEP frequency components from recorded EEG signal. The obtained 
finding compared with the detection of SSVEP frequency components from the whole band of 
recorded EEG signal using standard PSDA approach. The experimental result from four subjects 
demonstrates that the detection of SSVEP frequency components using Sub-band decomposition is 
improved as compared to detection of SSVEP frequency components from the whole band of recorded 
EEG signal. 
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Introduction 

Brain computer interface (BCI) is a direct 

communication system that allows people to 

communicate with external world via user’s brain 

activity [1-3]. The main aim of BCI system to develop 

the non-muscular channel that allows people to 

communicate with external devices such as computer, 
different assistive applications with the help of user’s 

intention without involving the normal brain pathways 

[4].  It helps individuals to improve their quality of life 

and at the same it reduces the cost of intensive care. 

 

The human brain's neural activity recorded non-invasively is  

Sufficient to control the external machine if different signal  

Processing methods are used to analyze and identify the brain 

Patterns over the recorded brain Signal [5-6]. In recent years, 

the objective of BCI system is to fill the gap between human 

brain and external machine by generating accurate command. 

In the last few decades, many BCI paradigms are used to 

develop BCI inference systems such as motor imagery, P-300, 

SSVEP [6]. 
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In recent development, SSVEP- BCI System become 

more popular due to its high information transfer rate 

(ITR), high signal-to-noise ratio (SNR), and minimal 

training Period [6-8] among the BCI research group. 

SSVEP is an evoked periodic signal arising mainly in 

the visual cortex when a person is focusing the visual 

attention on a light source flickering at specific 

frequency [7-8]. The SSVEP response is most 

commonly investigated using electroencephalography 

(EEG), i.e., with electrodes placed on the surface of 

the scalp [8]. It consists of a periodic component of the 

same frequency as the flickering light source, as well 
as of a number of harmonic frequencies [10], [17]. The 

SSVEP signal appears in the recorded EEG signal 

when its frequency matches the stimulation frequency 

and harmonics with the spontaneous EEG signal and 

artifacts associated with the brain recording system 

[11]. In recent years, many authors suggested that the 

presence of artifacts and other background EEG 

signals might deteriorate the activities and functions of 

the SSVEP-BCI system [12]. In recent year, most of 

studies usages multichannel system to develop SSVEP 

based BCI with high accuracy [13-15]. However, in 
real time application, multichannel system is more 

complex and complicated setup.  

This study presents the detection of SSVEP frequency 

component with high accuracy from single channel 

recorded EEG signal. In this study, the author 

demonstrates the effectiveness of discrete wavelet 

transform (DWT) based filter bank approach to detect 
the SSVEP frequency component from the recorded 

EEG signal. The DWT based filter bank approach; 

decompose the recorded EEG signal into sub-band of 

different center frequency. Each sub-band contains 

specific rhythmic information. The subband 

corresponding to stimulus frequency are chosen to 

detect the SSVEP frequency component using Fast 

Fourier transform (FFT) based Power Spectrum 

Analysis (PSA) technique. Finally the obtained result 

from the sub-band is compared with result obtained 

from the whole band of recorded EEG signal to find 
the effectiveness of DWT based filtered Bank 

approach.   
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Data descriptions  
 

  AVI SSVEP dataset  is used for experimental 
purpose which is publically available online at 

www.setzner.com/avi-ssvep data set [16]. The EEG data 

has been recorded over the brain’s posterior region Oz 

position over four subjects. The dataset consists of seven 

visual stimuli frequencies of 6Hz, 6.5Hz, 7Hz, 7.5Hz, 

8.2Hz, 9.3Hz and 10Hz. The sampling frequency was 

512Hz. A visual stimulus was presented in front of the 

user for 30 Seconds. The total number of trials was 92 

and each visual stimulus was repeated at least three times 

during the recording of each flickering frequency.  

. 

 
Figure 1: Raw EEG Signal of Stimulus Frequency of 

10Hz of Subject-2 

The recorded raw EEG signal of stimulus frequency of 

10Hz of subject-2 is depicted in Figure-1. To minimize 

the presence of noise and to extract the SSVEP 

frequency component, FIR Band Pass Filter (BPF) of 

the order of 6 with cut-off frequency 4Hz-16Hz is 

applied as Pre- Processing technique on the recorded 

raw EEG signal. The pre-processed EEG signal 

depicted in Figure 2 is subjected to DWT based filter 

bank approach (DWTBFA) for further analysis. 

 

 
          Figure 2: Filtered EEG Signal using Band pass FIR 

filter between 4Hz-16Hz 
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Methodology  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    Figure 3: Flow chart of Proposed Method 
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The Procedure to detect the frequency component of 

SSVEP from recorded EEG signal is depicted in Figure 
3. The normalized recorded EEG signal is passed 

through a Finite Impulse response (FIR) Band Pass 

Filter of order 6 with cut-off frequency 4Hz-16Hz. The 

normalized signal is decomposed using different sub-

band using DWTFBA approach.  The sub-band (alpha 

and beta sub-band) corresponding to stimulus frequency 

is selected to extract the SSVEP frequency component. 

To recognize the frequency component, the selected sub-

band is segmented into Segment of 2 seconds each. Then 

after, Power Spectrum analysis using FFT is employed 

on each segment to extract the frequency component. 
Finally a thresholding technique is employed to 

acknowledge the segment containing the SSVEP 

frequency component. 

 

Discrete Wavelet Transform (DWT) 

 
Wavelet transform plays a vital role in extracting the 

source signal's information if localized well in time 

and space [6], [18-19]. As we know that the SSVEP 

signals are mainly residing in the low- frequency band 

of recorded EEG signals. This signal can be extracted 

using the Filter Bank approach of discrete wavelet 

transform [19]. DWT is best described using a filter 

bank approach to decompose the signal into a sub- 

band, as depicted in Figure 4. This approach uses the 

filter group to divide the signal into various    spectral 
components known as sub-band coding, [19-21]. The 

EEG signal under analysis is divided into 

approximation coefficients ‘A’ and detailed 

coefficients ‘D’ by the digital filter. The spectral 

characteristics of two filters must be carefully chosen 
with Hp (f) having high pass filter components and 

Lp(f) having low pass filter components. The high 

Pass filter corresponds to the Wavelet function Low 

pass filter corresponds to the scaling or smoothing 
function. Each filter’s role is to remove the half 

frequency of the original input, thus half the number of 

points is redundant according to Nyquist rule and 

Output is down sampled by 2.  

The Selection of appropriate Wavelet function and the 

number of decomposition level are very essential 

parameter to analyze the signal using DWT. In this 

Paper, the author has chosen Daubechies of order 4 as 

wavelet function to analyze the filtered signal and 

decomposition level as 8 (D0-D7) based on sampling 

frequency.  .   

 
                                                                     3536 

 

 

 
   

Figure 4: Decomposition of filtered EEG signal Using 

Filter Bank approach 

Figure 5 depicts the decomposition of filtered signal 

into D1-D8 level using Daubechies-4 Wavelet of 

subject-2.  

 
Figure 5: Filtered signal decomposition into D1-D8 

using Daubechies-4 of subject-2 
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The frequency Sub-band corresponding to different level 
of decomposition level with sampling frequency 512Hz 

are D1 (128-256Hz), D2 (64-128Hz), D3 (32-64Hz), D4 

(16-32Hz), D5 (8-16Hz), D6 (4-8Hz), D7 (2-4Hz) and 

D8 (0-2Hz). The frequency subband of decomposition 

level D5 (8-16Hz) contain the stimulus frequency 10Hz, 

9Hz and 8Hz, while the frequency subband of 

decomposition level D6 (4-8Hz) is chosen to extract the 

SSVEP frequency component corresponding to stimulus 

frequency 7.5Hz, 7Hz, 6.5Hz and 6Hz for further 

analysis. The Power Spectrum analysis of filtered EEG 

signal and subband D-5 of trail-1 of subject -2 is 

depicted in Figure-6 and figure-7 respectively.  

 
Figure 6: Power Spectrum of each segment of filtered 

EEG Signal using FFT 
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  Figure 7: Power Spectrum density of each segment of D-5 sub-band  

of subject-2 using FFT 

    

Results 

 

Detection accuracy and information transmission rate 

(ITR) are the two essential parameter to evaluate the 

performance of SSVEP based BCI system. This Paper 

focused on determining the detection accuracy of SSVEP 
Based BCI System which is defined as; 

 

                        𝐀𝐜𝐜𝐮𝐫𝐚𝐜𝐲 =
𝐓𝐒

𝐓𝐒+𝐅𝐒
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where TS represent the true segment and FS represent 

the false segment. In this paper author consider this 

segment whose Power spectrum density at stimulus 
frequency above the threshold as true segment 

otherwise considered as false segment. The detection 

accuracy is measured by taking the ratio of true Positive 

segment to the total number of segments over all trials 

corresponding to stimulus frequency. 

Detection accuracy for each stimulus frequency of 

subject-1 is depicted in Table-I. Table II that the 

average detection accuracy over all stimulus   

frequencies of all four subjects. The obtained findings 

from all four subjects indicate that the proposed method 

significantly improved the average detection accuracy 

of all four subjects by about 2.54 than the conventional 
PSA approach. 

 

Table I: Detection Accuracy of each Stimulus 

frequency using PSDA, and   DWD-PSDA 

approach of Subject-1 
 

Stimulus 
Frequency 

Conventional 

PSA 

DWT-
PSA 

6Hz 82.20 88.40 

6.5Hz 82.60 86.80 

7Hz 88.30 88.60 

7.5Hz 86.60 87.80 

8Hz 89.10 92.60 

9Hz 80.00 86.80 

10Hz 84.00 91.10 

Mean 
accuracy 

84.70 88.88 
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Table-II: Detection Accuracy of each Subject using 

Using PSDA, DWT-PSA 

    
        Conventional 

PSA 
DWD-PSA 

Subject  Segment 
  Length    
    (Sec.) 

Accuracy Accuracy 

1 2 84.70 88.88 

2 2 78.90 86.15 

3 2 80.64 78.73 

4 2 87.30 87.93 

                                  

Mean 

82.88 85.42 

 
 

Conclusion 
 

In this paper, the raw EEG signal is Pre-Processed by 

applying the FIR Band Pass Filter of cut-off frequency 4-
16Hz. The filtered EEG Signal is subjected to Filter Bank 

approach that decomposed the filtered signal into several 

sub- bands. Finally, the SSVEP frequency component is 

recognized by applying the method of PSDA using FFT on 

the sub-band corresponding to stimulus frequency. The 

reported result shows that the Proposed   DWD- PSDA    

approach    significantly    improves    the detection accuracy 

as compared standard PSA technique. This study shows that 

the detection of SSVEP component into rhythmic band gives 

the better result as compared to using the entire band of 

frequency. 
 

http://www.neuroquantology.com/


eISSN 1303-5150 www.neuroquantology.com 

NeuroQuantology|June 2022| Volume 20|Issue 6|Page 3533-3540| doi: 10.14704/nq.2022.20.6.NQ22359 

Mukesh Kumar Ojha et al / Detection of SSVEP Frequency component using Filter Bank Approach  for EEG Based BCI System 

 
 

 

 

 

References:  
 

1. Jonathan R.Walpow, Niles Birbaumer, 
Dennis. McFarland   GertPfurtscheller, 

Theresa, M.Vaughan, 2002, Brain–   

Computer interfaces for communication and 
control Clinical Neurophysiologvol.113, pp. 

767-791. 

2. N. Birbaumer, 2006, Breaking the silence: 
Brain –computer interfaces (BCI) for 

communication and motor control, 

Psychophysiology, vol.43, no.6, pp.517-

532,2006. 
3.  U. Chaudhary, N.Birbaumer, and A.Ramos 

Murguialday, 2016, Brain-computer 

interfaces for communication and 
Rehabilitation, Nat Rev Neurol, vol.12, 

pp.513-525.   

4. A. Nijholt et al., 2008, Brain computer 
interfacing for intelligent systems, IEEE 

Intelligent. System, vol.23, no.3, pp.72-79. 

5. C. Xiaogang, W. Yijun, Z. Shangen, G. 

Shangkai, H. Yong, and G. Xiaorong, 2017, 
A novel stimulation method for multi-class 

SSVEP-BCI using inter modulation 

frequencies, J. Neural. Eng., vol.14. 
6. Mukesh Kumar Ojha, Manoj Kumar Mukul 

,2021, A New Novel approach based on 

EMD to improve the Performance of SSVEP 

Based BCI System, Wireless Personal 
Communication, doi.org/10.1007/s11277- 

021-08135-6, vol. 118, pp.2455-2467. 

7. Y.Wang,R.Wang,X.Gao,B.Hong and S.Gao, 
2006 “A  Practical VEP based brain 

computer Interface,” IEEE Trans. Neural 

System Rehabilitation .Engg., Vol.14, no.2, 
pp.234-240. 

8. G.R.Muller- Putz, R.Scherer, C.Brauneis and 

G. P.furtscheller, 2005, Steady state visual 

evoked Potential (SSVEP) based 
communication: Impact of Harmonic 

frequency components,” Journal of Neural 

Engg.vol.2, no.4 
 

 

 
 

 

 

. 
 

 

 
                                                                                      3539 

 
 

 

9. S. G. Mason and G. E. Birch, 2003, A general 

framework for brain-computer interface design, IEEE 
Trans. Neural Syst. Rehabil. Eng. Vol. 11, PP.70-85 

10. H.-J. Hwang, J.-H.Lim, Y.-J.Jung, H. Choi, S. W. Lee, 

and C.-H.Im, 2012, Development of an SSVEP-based 
BCI spelling system adopting a QWERTY-style LED 

keyboard, J. Neuroscience. Method., vol .208, pp.59-65. 

11. S. Gao, Y. Wang, X. Gao, and B. Hong, 2014, Visual 
and auditory brain computer interfaces IEEE. Trans. 

Biomedical. Engg., vol.61, pp. 1436-1447. 

12. Friman O, Volosyak I, GräserA, 2007, Multiple channel 

detection of steady-state visual evoked potentials for 
brain–computer interfaces. IEEE Trans. Biomed Engg. 

Vol.54PP. 742–750. 

13. Z. Lin, C. Zhang, W. Wu and X. Gao,2007, Frequency 
recognition based on canonical correlation analysis for 

SSVEP-based BCIs, IEEE. Trans. Biomed. Eng., vol. 

54, pp. 1172-1176. 

14. Z. Yu, Z. Guoxu, J. Jing, W. Xingyu, C. Andrzej, 2014, 
Frequency recognition in SSVEP-based BCI using 

multiset canonical correlation analysis, Int.J. Neural 

Syst., vol. 24. 
15. J. Pan, X. Gao, F. Duan, Z. Yan and S. Gao, “Enhancing 

the classification accuracy of steady-statevisual evoked 

potential-based brain-computer interfaces using phase 
constrained canonical correlation analysis, J. Neural. 

Eng., 8:036027. 

16. www.setzner.com, “AVI SSVEP Dataset-Adnan Vilic” 

available online 
17. Mukesh Kumar Ojha, Manoj Kumar Mukul, 2020, 

Detection of Target Frequency from SSVEP Signal 

using Empirical mode decomposition for SSVEP Based 
BCI Inference, Wireless Personal communication, 

https://doi.org/10.1007/s11277-020-07738-9, vol.116, 

pp.777-789. 

18. Z. Zhang, X. Li and Z. Deng,2010, A CWT-based 
SSVEP computer interface system, Proc. Int. Conf. on 

Intelligent Control and Information Processing, pp.43-

48  

19. Manoj Kumar Mukul and Fumitoshi Matsuno, 2011, 
Feature Extraction from Subband Brain Signal and its 

classification,” SICE Journal of Control, Measurement 

and System Integration, vol.4, No.5, pp. 332- 340. 
 

 

 
 

 

 

http://www.neuroquantology.com/
https://doi.org/10.1007/s11277-020-07738-9


eISSN 1303-5150 www.neuroquantology.com 

NeuroQuantology|June 2022| Volume 20|Issue 6|Page 3533-3540| doi: 10.14704/nq.2022.20.6.NQ22359 

Mukesh Kumar Ojha et al / Detection of SSVEP Frequency component using Filter Bank Approach  for EEG Based BCI System 

 
 

 

 
20. V. J. Samar, A. Bopardikar, R. Rao and K. 

Swartz,1999 Wavelet analysis of neuro-

electric waveforms: a conceptual tutorial, 

Brain Lang, Vol.66, PP.7-60. 
21. Amin HU, Malik AS, Ahmad RF, Badruddin 

N, Kamel N, Hussain M, 2015, Feature 

extraction and classification for EEG signals 
using wavelet transform and machine 

learning techniques. Australas Phys Eng Sci 

Med. Vol.38, No.1, pp.139-49. 
22. Y. Bian, H. W. Li, L. Zhao, G. H. Yang and 

L. Q. Geng,2011, Research on steady state 

visual evoked potentials based on wavelet 

packet technology for brain-computer 
interface,” Proc. Eng., 15: 2629-2633. 
 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

      . 

, 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

                                                                           3540 

http://www.neuroquantology.com/

	Mukesh Kumar Ojha*1, Priyesh Tiwari2, Dilip Kumar Choubey3, Dhiraj Gupta4
	3Indian Institute of Information Technology Bhagalpur, Bihar, India
	Introduction
	Brain computer interface (BCI) is a direct communication system that allows people to communicate with external world via user’s brain activity [1-3]. The main aim of BCI system to develop the non-muscular channel that allows people to communicate wit...
	The human brain's neural activity recorded non-invasively is
	Sufficient to control the external machine if different signal
	Processing methods are used to analyze and identify the brain
	Patterns over the recorded brain Signal [5-6]. In recent years, the objective of BCI system is to fill the gap between human brain and external machine by generating accurate command.
	In the last few decades, many BCI paradigms are used to develop BCI inference systems such as motor imagery, P-300, SSVEP [6].
	Methodology

