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Abstract:

The electroencephalogram (EEG) signals are usually interfered by many sources of
noise like electrooculogram (EOG), which degrades the signals of interest. It causes the
poor performance of the Brain-Computer Interface (BCI) systems. In this work, the
problem of removal of EOG artifacts and separation of different cerebral activities found in
a single-channel contaminated EEG is addressed. For this purpose, a novel model, based on
the combined use of Singular Spectrum Analysis (SSA) and Independent Component
Analysis (ICA) with a Stationary Wavelet Transform (SWT) is presented. ICA technique is
a highly efficient method, which deals with the multichannel EEG signals. But it is difficult
to apply the ICA on single channel EEG. Hence, using SSA, the single channel
contaminated EEG signals are converted into multivariate information. Then, the
multivariate information is fed to ICA, which separates the source signals as different
independent components (ICs). Despite the fact that the ICA method performs excellent
source separation, still, some required EEG signal content is present in the IC representing
itself as an artifact, and thus dropping it would cause loss of EEG signal content. To avoid
this problem, SWT is applied on the artifact IC, which performs the thresholding, to
separate the actual artifact and preserve the EEG signal content. MATLAB simulations
have been done on both synthetically generated and real-life EEG signals and the proposed
model is compared with the existing works. It is demonstrated that the proposed model has
the best artifact separation performance than all the existing techniques, which is shown in
terms of the metric, RRMSE (Relative Root Mean Square Error). 0
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ABSTRACT

The electroencephalogram (EEG) signals are usually interfered by many
sources of noise like electrooculogram (EOG), which degrades the signals of
interest. It causes the poor performance of the Brain—-Computer Interface (BCI)
systems. In this work, the problem of removal of EOG artifacts and separation of
different cerebral activities found in a single-channel contaminated EEG is
addressed. For this purpose, a novel model, based on the combined use of
Singular Spectrum Analysis (SSA) and Independent Component Analysis (ICA)
with a Stationary Wavelet Transform (SWT) is presented. ICA technique is a
highly efficient method, which deals with the multichannel EEG signals. But it is
difficult to apply the ICA on single channel EEG. Hence, using SSA, the single
channel contaminated EEG signals are converted into multivariate information.
Then, the multivariate information is fed to ICA, which separates the source
signals as different independent components (ICs). Despite the fact that the ICA
method performs excellent source separation, still, some required EEG signal
content is present in the IC representing itself as an artifact, and thus dropping
it would cause loss of EEG signal content. To avoid this problem, SWT is applied
on the artifact IC, which performs the thresholding, to separate the actual
artifact and preserve the EEG signal content. Matlab simulations have been
done on both synthetically generated and real-life EEG signals and the proposed
model is compared with the existing works. It is demonstrated that the proposed
model has the best artifact separation performance than all the existing
techniques, which is shown in terms of the metric, RRMSE (Relative Root Mean

Square Error). il ‘f
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Removal of EOG Artifacts and Separation of Different Cerebral Activity
Components from Single Channel EEG Ve T OTeT,

CHAPTER - 6
CONCLUSION AND FUTURE SCOPE

6.1 Conclusion

The joint use of SSA-ICA with wavelet thresholding technique ispresented in
this work, to remove EOG artifact and to separate differentactivity components
from single channel contaminated signal. Simulation results show that the
proposedtechnique is more efficient to separate the sources whencompared with
the existing techniques such as EEMD, EEMD-ICA, SSA and SSA - ICA. The
main advantage of the proposed SSA-ICA with wavelet thresholding technique
is that, it retrieves the EEG component in aband with high accuracy along with
the separation of differentcerebralactivity components available in mixed EEG.
Simulation results onsynthetic and real EEG data demonstrate the efficiency of
the proposedtechnique over existing methods in terms of RRMSE and MAE.
Hence, itcan be concluded that the SSA-ICA with wavelet thresholding method
has the capability of operating on single channel EEG signals withoutaltering
the EEG a component, and thus it can be applied for BClapplications.

6.2 Future scope

In our proposed algorithm it contains three stages,hence this algorithm
complexity will increases.So in future number of stages will be reduce by
introducing simplified algorithms.

SSA algorithm having the high computation complexity, so in future we will
replace the SSA algorithm with less computational algorithms.

In second stage of SSA,SVD is there so in future we will introduce the higher

order SVD which will effectively identified the artifact than the SVD.
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