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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 BCl 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.
Key words: Steady State Visual Evoked Potential (SSVEP), Power Spectrum Analysis (PSA), Brain Computer
Interface (BCl), Electroencephalography (EEG), Discrete Wavelet Transform (DWT).
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Introduction
Brain computer interface (BCI) is a direct The human brain's neural activity recorded non-invasively is
communication system that allows people to Sufficient to control the external machine if different signal
;gmlgln[lfﬁ? m;hmz)i(rt]eg?:]l O}Ngré? sys?enlwlste; ;‘e\gﬁég Processing methods are used tq anallyze and identify the brain
the non-muscular channel that allows people to Patterns over the recorded brain Signal [5-6]. In recent years,
communicate with external devices such as computer, the objective of BCI system is to fill the gap between human
different assistive applications with the help of user’s brain and external machine by generating accurate command.
intention without involving the normal brain pathways In the last few decades, many BCI paradigms are used to
[4]. It helps individuals to improve their quality of life develop BCI inference systems such as motor imagery, P-300,
and at the same it reduces the cost of intensive care. 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.

3534
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.

Recorded EEG Signal

Normalized Amplitude (Micra Volt)

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.

Filtered EEG Signal
T
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o
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Figure 2: Filtered EEG Signal using Band pass FIR
filter between 4Hz-16Hz
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Methodology

RAW EEG SIGNAL

NORMALIZE THE RAW EEG SIGNAL

PRE-PROCESS THE RECORDED RAW EEG SIGNAL BY APPLYING FIR
BPF (4Hz-16Hz)

DECOMPOSE THE PRE-PROCESSED SIGNAL USING DWD APPROACH

CHOSE THE SUBBAND CORRESPONDING TO
STIMULUS FREQUENCY

FIND THE PEAK AMPLITUDE CORRESPONDING TO
STIMULUS FREQUENCYOF EACH SEGMENT
USING FFT

THRESHOLD =80 % OF PEAK AMPLITUDE IN
EACH TRIAL

IF PEAK
AMPLITUDE >
THRESHOLD

TRUE SEGMENT

FALSE SEGMENT

Figure 3: Flow chart of Proposed Method

elSSN 1303-5150 www.neuroquantology.com


http://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

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.
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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.
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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.
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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 = TSTFS

elSSN 1303-5150

www.neuroquantology.com


http://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

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-l1. Table Il 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
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Table-11: Detection Accuracy of each Subject using
Using PSDA, DWT-PSA

Stimulus Conventional DWT-
Frequency PSA 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 84.70 88.88
accuracy

Conventional DWD-PSA
PSA
Subject |Segment Accuracy Accuracy
Length
(Sec.)
1 2 84.70 88.88
2 2 78.90 86.15
3 2 80.64 78.73
4 2 87.30 87.93
82.88 85.42
Mean
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.
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