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Electroencephalogram The human brain is one of the most complex and heterogeneous networks, and brain
(EEG) signals contain a lot of information, so researchers in this field are always looking for
Brain-Computer Interface  PTOPEr s_olutions to. select meaningful featurgs_ arjd reduce the dimension of th_is
(BCI) information appropriately to lead to better classification. Two of the new tools for brain
. . signal processing are Graph Signal Processing (GSP) and Meta-heuristic and
Graph Signal Processing  gyolutionary methods. In this paper, a geometric structure and a mixed structure are
(GSP) considered for the brain graph and the weights of the edges in the mixed structure are
Kron Reduction calculated by a combination of two measures: geometric distance and correlation. To
Differential Evolution reduce the graph dimension, the weighted degree metric and a combination of the Kron
(DE) reduction method and Graph Fourier Transform (KG) are used to properly preserve the

information of all vertices of the graph into the selected vertices. Feature extraction is
performed by Ledoit-Wolf shrinkage estimation and Tangent Space Mapping (TSM)
method. For dimension reduction of extracted features, Principal Component Analysis
(PCA) method and feature selection based on Differential Evolution (DE) are used. The
selected features are given to several well-known machine learning classifiers. To
evaluate the performance of the proposed method, dataset 1\Va from BCI Competition I11
has been used. The results show that the average classification accuracy of the proposed
KG-PCA method with SVM-RBF and DT classifiers, in the structural graph and the
functional-structural graph, is higher than the TSM-GFT method expressed in previous
studies, and the DT classifier has achieved an average accuracy of 91.15+1.17. Also,
according to the obtained results, the performance of the proposed KG-DE method has
been better compared to KG-PCA and in the best case, the average accuracy of the SVM-
RBF classifier is equal to 95.50+1.27.
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* Structural Connectivity

* Tangent Space Mapping (TSM)

' Graph Fourier Transform (GFT)

"' Support Vector Machine (SVM)

'Y Principal Component Analysis (PCA)
'" Functional Connectivity

'" Pearson Correlation Coefficient
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' Electroencephalogram (EEG)

" Cortex

" Brain-Computer Interface (BCI)

¥ Motor Imagery (MI)

® Graph Signal Processing (GSP)

* Sample Covariance Matrices (SCM)
" Geometric Graph
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* Ag/AgCl

' Trial

" Visual Cue

'Y Target Cue

'" Cross-Validation

" Weighted Adjacency Matrix
'* Laplacian Matrix

‘¥ Normalized Laplacian Matrix

5o 098 grkae s e 90 a1 (ornlis Slaly
B by sl oslitl o Jl Gl 4 (soleiian Emly Aagh
S s halS jslaie 4y (KG) GFT L oS5 50 'S
099y 5 G Sose mizan 9 GSP olSuys L BCI Bals
S LSL“Q;}‘.B <l sl (DE) VGL@L::.‘ oS YLS)lSQ;.gH)é
"lilgg-cagal coliil 8 iness 5l 5 pgo pila (sl el
et Sl 53 Aiged il lgsS L yile colio 3451 (51 5
G b Sole osleans ] Lol ol solarwl axsl
SIS 0 oleidn gy 50 880w b g0 65
s (SFG)* (55,5 Lae- 5 i3l GBI 5 (SG) ° e i L
Slwog g Guleyl cud als (o Bols lanl aslsl o
D9y (IS Mgy L 9 00l (lo jre SIS 5 GSP Sleade
(S gl (il slepls Jols oolgiin
Lol 00 00ls 718 guarl 5 (S bl s yialS
loasdl ygelym Con g s5loand mls al)l a4 F s jo

el 00 4...>L>).a 6);‘\-7.92-‘;-;56&&"?4-3& u;l:o’u.)ea

gy 9 olgo -¥

o3l s Lyl 3 lS0ls )Y
BCl pgw Clalus 31 1VA gaiws oBols (59, Liogh oyl
Sliize Ly JiKew cod anld o] ,o a5 ond el
a oldl ol o8ty Clacl asle 5 onls Ll (slaos S
osls INT] el a8 5 & g0 5,0 slonis _siw oo
Cosly Cesd oillS 53 25 1> et e led EEG ool Jolis
cwlay gaw av al @a sbapl a4 pllo 0,8 iy cwly b g
Dildiais loatws ) Joie g, (pialy] cll> o a8
oS 5 Viae Lpgatte slaoaisS Cogds jl solaiul b laeds
VA L el oads 43,5 o it galBlS VYA Asy S
2 EEG sl i SayfSo,iiosis iz 35,
el saboler gaidly prons > S slacandse
A do a3l eog mSUl slad )06 g ol (g Sl Yot
38 lee 1L LEEG sl JL&iw .ol ol clilSS v g0
Sl pdiges Gl B L g ot il 5pa Ve b yn /00

' Kron Reduction

" Meta-Heuristic

" Differential Evolution (DE)

" Ledoit-Wolf Shrinkage Estimator
¢ Structural Graph (SG)

* Structural-Functional Graph (SFG)
" BrainAmp

* Electrode Cap
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* Positive Semi-Definite (PSD)

" Orthonormal

* Inverse Graph Fourier Transform (IGFT)
* Graph Topology Inference

' Event-Related Potential (ERP)
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' Time Domain

" Frequency Domain

" Vertex Domain

¥ Spectral Domain

® Spectral Graph Wavelet Transform (SGWT)
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* Phase Slope Index (PSI)

* Granger Causality Modeling (GCM)
' Dynamic Causal Modeling (DCM)
"' Pattern Recognition

' Graph Dimension Reduction

'" Signal Dimension Reduction
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' Connectivity Measures

" Effective Connectivity

" Correlation

¥ Coherence

® Mutual Information (MI)

* Kullback-Leibler Divergence (KLD)
" Transfer Entropy (TE)
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