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KEYWORDS ABSTRACT
Electroencephalogram Today, usage of brain-computer interface systems based on steady-state visual evoked
(EEG) potentials (SSVEPSs) has been increased due to some advantages such as acceptable
Brain-Computer Interface  accuracy and minimal need for user training. Steady-state visual potentials are one of
(BCI) the most important patterns used in BCI systems, which are generated in the occipital
. region of the brain by visual stimulation between 6 and 60 Hz. One of the effective
Steady State Visual Evoked  methods for extracting the SSVEP frequency in BCI systems is called the Multiway
Potential (SSVEP) Correlation Coefficient Analysis (MCCA) method, which is a tensorized version of the
Multivariate Canonical classical Correlation Coefficient Analysis (CCA) method and is based on
Correlation Analysis multidimensional data. In this paper, inspired by the MCCA method, two new
(MCCA) algorithms (PARAFAC-CCA and C-PARAFAC-CCA) have been proposed using the

PARAFAC Decomposition combination of CCA and PARAFAC decomposition. The purpose of the proposed
algorithms is to improve the initial reference signal and achieve higher accuracy in
SSVEP frequency detection in BCI systems. In the PARAFAC-CCA algorithm, after
performing the PARAFAC decomposition on the multidimensional training data and
obtaining the time component, the CCA method is implemented between the obtained
time component and the sine-cosine reference signal, and the optimal reference signal is
made from its output. Finally, the MLR algorithm is used between the EEG test data and
the optimal reference signal in order to achieve the target frequency. The general steps
of the C-PARAFAC-CCA algorithm are also similar to PARAFAC-CCA, with the
difference that in the calculation of the time component, constrained PARAFAC is used
in such a way that in each step of the ALS algorithm, CCA is applied once and the time
component is improved. The efficiency of the proposed algorithms was investigated on
the real data set and it was shown that compared to the MCCA method, the proposed
algorithms have reached a higher average accuracy.
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Input:
- M EEG tensor training data X;, X5, ..., Xy € RPJXK
and sin-cosine signals Y, Y5, ..., ¥, € R2HXJ
- A test EEG data X5, € RV,
Output:
- Target frequency fiarget.
Form = 1: M do
1- PARAFAC decomposition with training data Xm
and number of components 1 < R < 8 with
ALS algorithm as follows:
ALS algorithm:
- Calculate Xincayr Xmayr Xmey -
mode 1, mode 2, mode 3
- Do SVD initialization: Ag, By, Cy
- Normalize loading matrices: A4, = normalize(4A,),
B,, = normalize(B,), C, = normalize(C,)
While not-converged
Am < Xy (Cn © Bp) (CHCy ® BBy
B & Xin iy (Con © An)(CRCr ® AT A)T
Cm « Xy (B © A) (BRBy ® AT AT
End
2- Do CCA between Bf, € RF*J and Y,,, € R#J to
achieve (Pmax U, U).
3- Built optimized reference signal
Zy, = v'BY, z,, € R/
End
Form = 1: M do

4- Implement MLR between X,,,; and z,, to obtain
the coefficient R,,,.
End

5- Recognize target stimulus frequency as
ftarget = argfmame (m=1,2,..,M)

: Unfolding matrices
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Yi(t) sin( 2w fiut), cos( 2mfit)
/Yz(t)\ /sin( 4 fint), cos(4nf,t)

Y(t) =] Y3(0) | = | sin(6mf,t), cos(6mfint) 9]
Y, (t) sin(8mnf;,t), cos(8mf,t)
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While not-converged
A« Xy (Cry © Byp)(CLCry @ BLBy)'
By « Xy (Con © Ap) (CHCr @ AT AT
Do CCA between By, € R**/ and ¥,,, € REHX))
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End

' Dataset
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