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Bagging RCSP Algorithm for Extracting EEG Feature

ZHANG Yi 1 YIN Chun-Lin 2 CAI Jun 2 LUO Jiu-Fei 1

Abstract The regularized common spatial pattern (RCSP) has solved th e problem that the common spatial pattern
(CSP) is sensitive to noise. However, its performance on small sample of electro encephalon graph (EEG) data set is not
ideal. To deal with this problem, a Bagging RCSP (BRCSP) algo rithm is proposed, which divides training samples into
packets and extracts RCSP features by Bagging to choose training packets. Furthermore, the feature vector is projected
into the lower space with linear discriminant analysis (LDA ) and a classi�cation algorithm based on nearest neighborhood
classi�er (NNC) is adopted. Compared to RCSP with aggregati on (RCSP-A), the accuracy of BRCSP increases by 2.92 %
in average and the variance is smaller and has better robustness. Results of the experiment, in which 10 subjects control
an intelligent wheelchair of a �xed \8" glyph trajectory, de monstrate that the BRCSP is e�ective in the EEG feature
extraction.
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Fig. 1 The process of EEG induced by the left hand and

right hand motor imagery based on Bagging RCSP
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Table 1 The recognition rate comparison of CSP, RCSP and Bagging RCSP on Competition III data set IVa (%)

Ž { aa al av aw ay ² þ Ñ ž (s)

CSP 66.1 98.2 59.2 88.4 61.1 74.6 5.5

LW-CSP 69.6 100.0 56.6 93.3 67.1 77.3 17.6

SSCSP 73.2 96.4 54.8 70.5 73.4 73.5 6.7

RCSP-A 76.8 98.2 74.5 92.9 77.0 83.9 62.2

FERCSP 79.5 96.4 77.6 94.2 82.5 86.0 300.3

BRCSP 79.3 98.6 78.3 92.9 82.5 86.3 63.3
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Fig. 2 The process of signal sampling

1) 3 ¢ � m © (t = 0 s) ž , É Á ö ? u ˜ t G

� , · ‹ u « f þ ;
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� U Y e g ¢ � .
� © ‘ Å À � 25 • † m ! � N è x � 10 ¶ É
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� 5 ¿ ¯ ‘ ; 2) z   É Á ö Ï L Emotiv D a ì é

† m Ã $ Ä Ž – M > & Ò © O ? 1 10 © ¨ � Ô ö ;
3) z   É Á ö ‰ 1 ƒ A � A ½ Ä Š ? Ö ¿ æ 8 † m

Ã $ Ä Ž – M > & Ò , ¿ ^ TestBench ^ ‡ � • æ

8 � & Ò . z   É Á ö � é z ˜ a A ½ Ä Š ? Ö ‡

? 1 40 g ¢ � . Emotiv � æ � ª Ç • 128 Hz, �

© � z a & Ò • À � ü g ¢ � L § ¥ 1 2� 6 s m

� ê â , = 4 s � ê â , ù � Ò k 512 ‡ ê â : . r

æ 8 � � ü a & Ò Ü ¤ • ˜ ‡ � � , ï á � ¢ � ê

â 8 � k 800 ‡ � � . | ^ RCSP-A Ú Bagging
RCSP Ž { © O é † m Ã $ Ä Ž – M > & Ò ? 1 A

� J � . Š â ª (10), � © Ä u Bagging RCSP Ž

{ ? ˜ Ú J � † m Ã $ Ä Ž – M > & Ò A � . ã 3
‰ Ñ 
 Ù ¥ ˜ ¶ É Á ö � † m Ã $ Ä Ž – M > & Ò

� A �Š © Ù . 2 ^ LDA ò J � � p ‘ A � • þ N

� � $ ‘ ˜ m , • � æ ^ Ä u NNC � © a Ž { ?

1 © a , � � 10   É Á ö 3 ü « Ž { e � £ O Ç !

² þ £ O Ç 9 • � , „ L 2.

ã 3 † m Ã $ Ä Ž– M > & Ò � A �Š © Ù

Fig. 3 The distribution of eigenvalue of EEG induced by

the left hand and right hand motor imagery

L 2 RCSP-A Ú BRCSP Ž { e � l ‚ £ O Ç (%)

Table 2 The recognition rate of o�-line based on

RCSP-A and BRCSP (%)

ÉÁ ö RCSP-A BRCSP

A1 80.53 86.16

A2 95.81 93.04

A3 75.56 81.08

A4 84.74 87.56

A5 78.06 83.61

A6 87.78 90.56

A7 84.72 87.50

A8 93.83 96.06

A9 85.42 87.56

A10 76.29 78.78
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d ã 3 Œ ± w Ñ , ² L A � J � � , † m Ã $

Ä Ž – M > & Ò ä k é Ð � Œ © 5 , ã 3 ‰ Ñ � ´

Ù ¥ ü ‘ A � � © Ù ã . Bagging RCSP Ž { ´ 3

RCSP Ž { Ú \ Ù ¦ ‡ N � M > ê â 5 ~ � � • �
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L 2 w « 
 Ä u RCSP-A Ú Bagging RCSP

Ž { é 10   É Á ö � $ Ä Ž – M > ê â A � J �

� � £ O ( J , ¦ ^ Ú O © Û ¥ � Paired-sample
t-test, ( J „ L 3.

L 3 RCSP-A Ú BRCSP Ž { � t-test ( J

Table 3 The result of t-test based on

RCSP-A and BRCSP

RCSP-A BRCSP

þ Š 0.842740 0.871910

I O � 0.0691799 0.0523412

ƒ ' X ê 0.955

t {3.741

df 9

sig. ( V ý ) 0.005

l t-test ( J � Ñ , RCSP-A ‰ A � J � �

� © a O ( Ç ² þ Š • 84.274 %, Bagging RCSP
� © a O ( Ç ² þ Š • 87.191 %, Ù ƒ ' X ê •

0.955. � u � Y ² a = 0 :05, Ù V ý u � P =
0:005; ª C u 0, ` ² Ä u RCSP-A Ú Bagging
RCSP ü « Ž { � © a O ( Ç k w Í � � É . ƒ

' � RCSP-A, Bagging RCSP � ² þ O ( Ç J p
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