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Channel Selection for EEG Signals Using Mutual
Information for Motor Imagery Classification

Mehdi Kamandar#, Esmat Rashedi, and Aeen Sanati Javan

Faculty of Electrical and Computer Engineering, Graduate University of advanced
technology, Kerman, Iran

Abstract: Brain-computer interface systems based on classification of the motor imageries (M) using
multi-channel EEG signal play a major role in the control of artificial limbs and machines by people
with disabilities. One of the main problems in classifying these signals to classifiy different Ml tasks is
the large number of channels. The large number of channels causes a lot of cost and hassle during the
measurement process, increasing computational load of the preprocessing, feature extraction, and
classification, difficulty of interpretation of results, and over-fitting of the classifier due to the limited
number and noisy training samples. Since, not all measured channels for classifying a particular M1 task
have useful information, it would be beneficial to select the relevant channels for classifying desired Ml
tasks. Channel selection methods are categorized into wrapper, filtered, hybrid, and embedded. In this
paper, a filtering method is used due to less computational cost and the independence of the classifier.
The criterion is very important in filtering methods. Criteria based on first- and second-order data
moments are less efficient for non-Gaussian classes. The proposed method uses mutual information
between candidate channels and class label as a comprehensive criterion and sequential forward
selection search strategy. One of the problems in using this criterion is the accurate estimation of mutual
information in the high dimensional spaces. The kpn entropy estimator is used to accurately estimate the
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mutual information in high dimensional space with limited number of training samples. The power of 2
Hz non overlapping sub-bands in the 8-30 Hz band and in 250 milliseconds non overlapping intervals in
half to two and a half seconds after the onset of MI are extracted as features for each channel. The
extracted features are reduced to 10 for each channel by combining the unsupervised L1-PCA and
supervised NWFE dimensionality reduction methods. The reported results show the ability of the
proposed method to select effective channels for classifying left and right hand and feet MI tasks. The
overall accuracy of the SVM classifier on test samples for two subjects labeled aa and al from the BCI
111 competition dataset is 94.87% and 96.51%, respectively, while the number of channels is reduced
from 118 to 7 channels.

Keywords: Brain Computer Interface, EEG Signals, Motor Imagery Classification, Channel Selection,

Mutual Information, kpn Entropy Estimation.
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(Figure 2): A segment of channel C3 of subject G and it’s
enhanced by band pass filtering and ICA.
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(Figure 3): Scatter plot of two extracted featues by a) L1-

PCA, b) L1-PCA+NWEFE for training Samples and c) L1-
PCA + NWFE for testing samples of subject E.
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(Table 1): Overall accuracy of LDA, QDA, k-NN, and SVM
for left and right hand movement imagination sing all of the

59 channels.
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(Table 2): Overall Accuracy for 4 subjects from the first data

set by using channels selected by the proposed method and
the features extracted by FB-MAP-CSP [20].
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selected by the prposed method for subject al from the
second data set. (S represents Channels in the above row).

JS(T i{is SVM k-NN LDA
CFC5 AV/YA 20/ AN

S,C3 AYI70 FAIY vy ¥

S,C5 AY/AA Vefe- YY/N -

S, FC3 ANIE - AT YYIAQ

S,CFC1 Q-2 YAV/E- VAR

al oz S,Cz a¥/YA YYIYA YENY
S, CCP2 RV \AtALg YO/ -

S,CpPz g/ Y&/ Y&/

S,FC1 RRAR Yor-4 Y¥/-)

S,PCP1 AAIA - YY¥/A- AATAR

b aoaiws duw gl o gusuaiws IS cxo (B - J9o)
&ly eolesin gy wgi caolil s JULS 51 solisw!
S JLE'S) pgo 0018 dcgozxo jlaa ozl

(5Ll 39 99290
(Table 5): Overall accuracy of 3 classifiers by Using
Channels selected by the prposed method for subject aa from
the second data set. (S represents channels in the above row).

Js(_j‘)“ oS | SVM | kNN | LDA
CFC5 Qefee Yv/£- Aefee
s,C3 1/es YVIEA AVIY-
5,C5 vy VAR Al-s
S, FC3 /A Al AYIYD
S,CFC1 aY/es INTARG AY/A-

aa axd S,Cz aY/gA AY/-Q AYIVA

S, CCP2 Af/AY INFERS AY[eY
S, CPz v/ YAy ANY
S,FC1 ayY/-A \AZER YNt
s, PCP1 aV/vs ¥/ YYIAA

t cien i JUIS S i, St 5
‘) ‘Q_w‘) 6L& 9 CA»:‘) Cowd JP )9»43 9o (GO diwd

oS Ly oy s e U LYV wlools slgiiy
g o (Gind ) alitie Sl jgai gl ol S

OY by ¥ o,k VFeY L

03,91 ' (FB-MAP-CSP) ys5, o g5 sa_iz! el
Uigy Sei s odalive 45 aseS len [V ] colons
Mz bwgie 5 (el ez 5l ezt 5o ln soleiny
D09y 5O B oo Cmwd 4y 5V S @
Cwodny JUK aw jleslawl b gmles ol goloiog
z il g1, FB-MAP-CSP i3, 10 (Jg Cawloas]
Cewloads oolawl b JUIS sles 51 S5

OS> jeal gaaind 5 Cos (0) IS5 50
sl JUS sl SVM asa o cl) 5 o
6l olgiins JUI Glsail oy, Jaw gy soiol!
Sl asx e aS @igS Lo LCawloads (i1 A asd
ol hg, lawgy aS C4 3 CZ 4 C3 JUIS 4w b Ly
Godlwd LS oo alonds ol golpins JUIS
ANF ouaiws Como )l SYL aS Sl AZIODY L ol
el JUS 0% 5l

88
86
84
82

11

€3 3,07 3,07 C3,0Z| C3.CZ| C3.0Z | C3,0Z | C3.0Z
K RN Nl e Na e Nl (e Rall NI R
CP3 | CP3.F| CP3F | CP3F | CP3F
4 | CA4FC| CAFC | CAFC
30305 | 30s,
c6
opfles cxsuso| 76.56 | 7824 | 86.51 | 785 | 7827 | 780 | 775 | 7671

<

9 o Cawd Ol yo jguai (gudy dwd 5 Coo (B D)
el s JUL 31 solasiw! LSVM wly dsiws conly

.Jgl 0010 acgozo JIA ol gl g Golaion (g bawed
(Figure 5): Overall accuracy of left and right hand
movement imagination by using channels selected by the
proposed method for Subject A from the first data set.
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