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Abstract

Abstract: Aiming at the preprocessing feature extraction and classification recognition in BCI system, a
method for EEG classification of motion imagery based on random subspaces ensemble learning of
multi-domain features is proposed. Based on the analysis on the ERD/ERS characteristics of motion
imagery (MI) signals, the multi-domain features of best effective time and frequency bands are extracted
as the feature vectors, and the scale of the random subspace ensemble with cross-validation is adaptively
chosen, and the EEG classification is realized by using linear discriminant analysis (LDA) classifiers
ensemble. The test results show that the accuracy of the multi-domain features and random subspace
ensemble can reach 90.71% and the Kappa coefficient can be 0.63,which are better than those of the first
place in the competition, and thus prove the algorithm'’s effectiveness and progressiveness.
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imagery (MI) signals, the multi-domain features of best effective time and frequency bands are extracted
as the feature vectors, and the scale of the random subspace ensemble with cross-validation is adaptively
chosen, and the EEG classification is realized by using linear discriminant analysis (LDA) classifiers
ensemble. The test results show that the accuracy of the multi-domain features and random subspace
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Tab. 1 Classification accuracy of data set 11 /%
PN . Subspace(LDA)
FHESEUT AdaBoost Bagging Subspace(KNN) P L
% AR 79.29 85 80.71 84.79 87.14
A3, PSD 85 83.57 83.57 87.24 87.86
%3] CSP 85 82.86 86.43 86.62 87.86
45 LWT 85.71 83.57 84.29 85.83 87.86
2 IRARHE 88.57 86.43 85 89.17 90.71
#2 HHESE 20 9 MR RIEME
Tab. 2 Classification accuracy of 9 subjects in data set 2b /%
Bk 5 FEAESR I T v AdaBoost Bagging Subspace(kNN) Subspace(LDA)
HH AR 59.38 58.44 56.88 62.81
g, PSD 58.13 57.19 55.94 57.5
ik 1 ##[d] CSP 56.56 61.25 56.25 58.44
4 LWT 57.19 57.81 51.56 63.75
ZIRHE 59.06 57.81 56.56 63.75
WHE AR 51.43 51.43 52.14 55.36
Witk PSD 55.36 58.93 48.93 55.71
B 2 =[] CSP 52.86 50.71 53.21 50
A4 LWT 57.14 50.71 57.14 55.71
ZIRHE 51.79 55.71 56.43 57.14
W AR 50.94 54.06 52.19 525
Btk PSD 53.44 52.19 50.63 52.81
B 3 =[] CSP 53.13 50.94 56.88 58.75
A4 LWT 46.88 53.13 49.38 51.88
ZIRHE 50.94 49.69 48.75 57.19
W AR 85.94 87.81 86.88 93.13
Btk PSD 93.44 94.06 94.06 95.31
i 4 Z*[A] CSP 92.19 89.06 90.63 92.19
A4 LWT 85.94 88.44 88.13 90.94
Z SRR 93.75 95.94 96.25 97.19
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Tab. 3 Comparisons between present method and other

methods (data set 2b)

Wik s TERE—B k10 KT
1 0.40 0.37 0.41
2 0.21 0.21 0.43
3 0.22 0.11 0.36
4 0.95 0.93 0.96
5 0.86 0.77 0.53
6 0.61 0.69 0.77
7 0.56 0.61 0.64
8 0.85 0.86 0.89
9 0.74 0.83 0.72
P 0.60 0.60 0.63
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