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Bagging RCSP Algorithm for Extracting EEG Feature

ZHANG Yi1 YIN Chun-Lin2 CAI Jun2 LUO Jiu-Fei1

Abstract The regularized common spatial pattern (RCSP) has solved the 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) algorithm 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 classification algorithm based on nearest neighborhood

classifier (NNC) is adopted. Compared to RCSP with aggregation (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 fixed “8” glyph trajectory, demonstrate that the BRCSP is effective in the EEG feature

extraction.
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ing, FMRI¤�[2]. 3ù
&Ò¥, EEG M>&ÒÏÙ�\�5Ú$¤��A:
2É'5, éõM –Å��XÚÑ´æ^ EEG M>&Ò?1ïÄ[3].�
3Äu EEG M>&Ò� BCI ïÄÌ�8¥u$Ä��M>&Ò�¡. $Ä��´ÏL “�”��ª5�)�'&Ò, é$Ä���ïÄL², üý�N$Ä½ö��$Ä¬é α Å (8∼ 13 Hz) Ú
β Å (14∼ 30 Hz)�!s¹ÄÚõÇÌ�)³�/Or��J, =¯��'�ÓÚ/ÓÚ (Event related
desynchronization (ERD)/Event related synchro-
nization (ERS)) y�[4]. �âù�y�, î8Ǒ�ïÄö�®²JÑ
NõAÆJ��{, ~X AR�.[5]!Wavelet C�[6]!FËA�C� (Hilbert-
Huang transform, HHT)[7] Ú CSP �. C

, ��m�ª (Common spatial pattern, CSP) �y²´�«J�ØÓa.�$Ä��&E�k��{,T�{�'�3uéÜéÆzÆ��Ý
. =ÏLêÆC�, ���a�����z, ,�a�����z.
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CSP �{�Ì�¯K´éD(�~¯a[8] .Ïd, Äu CSP �û)�{�ÑØ¡, ~XEÜ��m�ª (Composite common spatial pat-
tern, CCSP)[9]!�mDÕ��m�ª (Spatially
sparsed common spatial pattern, SSCSP)[10]!�Kz��m�ª (Regularized common spatial pat-
tern, RCSP)[11]!�Kz8¤ÈÅì��m�ª
(Filter ensemble regularized common spatial pat-
tern, FERCSP)[12] ÚÈÅì|ú��m�ª (Fil-
ter bank common spatial pattern, FBCSP)[13]. Ù¥, �k��{´�Kz��m�ª (Regularized
common spatial pattern, RCSP)[11]. T�{/Ï[£ÆS�g�, òÙ��Á�M>&ÒÚ\� CSPÆSL§¥, �y
�Á�M>&ÒÆ����O �, ����uDÚ� CSP �{Ly��, 3�Ôö��8¥ù�:Ly�
ǑâÑ[11] , ,
, ù«�{3���M>êâ8¥�­½5�k�Jp,��XÔö���O\, Ù©aO(ÇO��ú, �mE,Ýþ,.Ǒd, �©JÑ
�« Bagging RCSP �{,T�{ÏL­EÀ����Eêâ�, ¿|^z�êâ�©Oé��J� RCSP AÆ. ÏL��)
RCSP 3S� CSP û)�{?1©Û'�, (JL², Bagging RCSP 3�mE,Ý�$��¹e, U�±�p�£OÇÚ­½5, `uRCSP9 CSP�Ù�û)�{. ��, 3�UÓ«²�þé Bagging
RCSP �{?1�y, ?�Ú`²T�{3M>&ÒAÆJ�¥�k�5.

1 Bagging RCSP�{
Bagging RCSP �{òY RCSP-A (RCSP

with aggregation) �{¥�[£ÆS�g�, 3�O�Áö�Æ��Ý
�Ú\
�<�êâ, ¿ã3�±�N�É5�Ó�UéÏ�k�AÆ. �©� RCSP �{3���M>êâþ­½5Ø
p, ��XÔöêâ�O\, ©aO(ÇO��ú.e�´3dÄ:þO\Ôö���êâ, ��
5�´�êâ�5��mE,Ýþ,�¯K. Bagging
RCSP �´Äuù
�Ï, |^ Bagging g�, ÏL­EÀ�Ôö����{, òÔöêâ�¤���êâ�, 3�Y� RCSP Ä��{¥O��Áö�Æ��Ý
�Ú\�Ü©Ù�<�M>&Ò, ,�|^ù�Æ��Ý
J� RCSP AÆ, ��ûü´ÏLÝ���ª¼��ª�©a(J. Äu Bag-
ging RCSP ��m�$Ä��M>&Ò?nL§Xã 1.

1) Äu�ÁöM>&Ò�Æ��Ý
éu,���Áö, Æ��Ý
O��ªXe:ügM>&ÒdÝ
 DN×T L«, Ù¥ N �LÏ�

êþ, T �Lz�Ï��æ�:ê. ²L8�z��Æ��Ý
Ǒ
C =

DDT

tr(DDT)
(1)Ù¥, tr(DDT) ǑÝ
 DDT �,. K²þÆ��Ǒ

Ci =
1

M

M
∑

m=1

C{i,m} (2)Ù¥, M ´Ôöêâ�êþ, i ��´$Ä��&Ò�aO, �©Ǒ�!m���$Ä.

ã 1 Äu Bagging RCSP ��m�$Ä��M>&Ò?nL§
Fig. 1 The process of EEG induced by the left hand and

right hand motor imagery based on Bagging RCSP

2) �Kz�Æ��Ý
�O3����O¯K¥, �Kz´�«�~k���{. RCSP�´Äuù��{, ÏL ��O���ª, �©a(JØ�6uæ���, 
´�X���\Ün���. 3?n “�� – �” Â¸¯K�, T�{ÏLO� �
~�����ª¢y. ù« “�� – �” ²ï´d��½õ��Kzëê5N�. Ǒ
~�Æ��Ý
�O� �, RCSP Ø=|^T�Áö�M>&Ò, �Ú\Ù��N�M>êâ[11]. ÏL RCSP O��a�Kz²þ�mÆ��Ý
Ǒ
Si(β, γ) = (1 − γ)Xi(β) +

γ

N
tr(Xi(β)) × I (3)Ù¥, β Ú γ ´ü��Kzëê (0 ≤ β, γ ≤ 1), β��XÔö��Æ��Ý
��­5~�Æ��Ý



2046 g Ä z Æ � 43ò
�O� �, 
 γ ��Xõ�ü Ý
��­, I´�� N × N �ü Ý
, Xi(β) ǑA½�Á9Ù�ÉÁö�M>���Æ��Ý
, Ù½ÂǑ
Xi(β)=

(1 − β) × Ci + β × Ci
′

(1 − β) × M + β × M ′
(4)Ù¥, Ci ´ÉÁö1 i a�M �Ôöêâ|¤�Æ��Ý
, Ci

′ ´Ù�<1 i a�M ′ �Ôöêâ|¤�Æ��Ý
, �3~�Æ��Ý
�O���, §  ¬�)����(J. 3��A½�N�M>&Ò©a¥, JÑ�ÔöL§�^Ù�ÉÁö��'���E
���Kz� Ci
′, �ù
�'��Ñ´Ï^�. ek N �ÉÁö, zak M �Ôö��, KM ′ = (N − 1)M .

3) Bagging RCSP �AÆJ�Ú©aÉ CSP éu, Æ��Ý
©)�
S(β, γ) = Sleft(β, γ + Sright(β, γ) = EV ET (5)Ù¥, E ´�AÆ�Ý
 V éA�AÆ�þÝ
.�ExzÝ


P = V
1

2 ET (6)

P × S(β, γ) × PT = c × I (7)Ù¥, c Ǒ��~ê. Ïd, Sleft(β, γ) Ú Sright(β, γ)�AÆ�þ�Ó, ¿�éuAÆ�þ, �öéA�AÆ��ÚǑ���½~ê. e
Sleft(β, γ) = UVleftU

T

Sright(β, γ) = UVrightU
T (8)K��ÝKÝ
 W = UTP .� CSP aq, RCSP ÀJW �
�� r �5N���Ôö�� D.

Z = WD (9)

�o©a�AÆ�þ y Ǒ
yq = log











var(zq)
2r
∑

q=1

var(zq)











(10)2�^ LDA òAÆ�þN��$��m, ��æ^Äu NNC �©a�{«©�m���$Ä.

2 �e¢�
2.1 Äu BCI Competition III �êâ8 IVa��e¢��©3 BCI Competition III �êâ8 IVa[14]�
l�¢�. Têâ8P¹
 5 �èx�ÉÁö
(aa, al, av, aw, ay) ��$Ä�M>êâ. ¢�¥,^uL«±e 2 a$Ä��&Ò�� (L)!� (F)�ÀúJ«�Þw« 3.5 s[14−15], æ8���æ�ªÇǑ 100 Hz (���æ�Ç´ 1 000 Hz, �Jø�êâ�
üæ�?n). �â¿m5K, z �Áöþë�
ÔöÚÿÁü�êâ8��ï, ü�êâ8za�k 140 ���. �uù�êâ8�8�´Ǒ
ÿÁ�{3�Ôö8¥�5U, 5  �Áö©OJø 168, 224, 84, 56, 28 ���?1Ôö, �e�
840 ���^uÿÁ. ���¹e, ©a°Ý�Ôö��êþ´��'�[11] . ,
, �5�Ôö��òO\�mÚ�m�E,5, ��Ù¢SA^. �­��´, �Ôö5��C4���ÿ, £OÇJp�¿Ø²w. äN
ó, �Ôö��l 40 O\� 120 �,²þ£OÇ=Jp
 1.9 %. 
r�þÔö��©¤�����, ¿ÏLJ� RCSP AÆ5ÀJêâ¿ýÿ(J, K´��²���{. �©'�
 CSP,
LW-CSP, SSCSP, RCSP-A, FERCSP, BRCSP A«�{3 “BCI Competition III” �êâ8 IVa þ�£OÇ9Ñ�, (J�L 1. Ù¥, Ñ���´5g 5  ÉÁö� 840 �ÿÁ��AÆJ�¿©a�oÑ�.L 1 CSP!RCSP Ú Bagging RCSP 3 BCI Competition III êâ8 IVa þ�£OÇ'� (%)

Table 1 The recognition rate comparison of CSP, RCSP and Bagging RCSP on Competition III data set IVa (%)�{ aa al av aw ay ²þ Ñ� (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



11Ï ÜÀ�: Bagging RCSP M>AÆJ��{ 2047éþã 6 «�{� One-way ANOVA, 3��à5u�¥, sig.Ǒ 0.141, �u 0.05, L²êâ÷v��à5; 3£OÇ�üü'�¥, CSP, LW-
CSP, SSCSP 3 «�{©O� RCSP-A, FERCSP,
BRCSP � sig.þ�u 0.05, L²� 3 «�{�
 3«�{J�M>AÆ�{ØÓ, é£OÇkwÍKǑ; 3Ñ��üü'�þ, RCSP-A Ú BRCSP ©O� CSP, LW-CSP, SSCSP, FERCSP 4 «�{� sig.�u 0.05, �{ØÓ, éÑ�KǑwÍ. ��¡, �©'�
DÚ� CSP, RCSP-A, Bagging
RCSP ±9Ù�Ì6�{3ÿÁ8þ�²þ£OÇ, FERCSP � Bagging RCSP puÙ��{, ,
, FBRCSP 4�/O\
AÆJ�¤Ñ¤��m.,��¡, �Ä�M>&Ò?n�Ñ�¯K, Äu
RCSP-A Ú Bagging RCSP `uý�õê� CSP�{, �3� RCSP-A (RCSP with aggregation)'�¥, üöÑ��á, � Bagging RCSP �²þ�(Ç�p. nþ¤ã, RCSP-A Ú BRCSP `uÙ� CSP û)�{.

2.2 Äu�m�$Ä��êâ8��e¢�lL 1 �(J�Ñ, Äu RCSP-A Ú Bagging
RCSP `uý�õê� CSP �{, �©æ^ùü«�{3 10  ÉÁöæ8��m���$Äêâ8þ�
l�¢�. ����$ÄÚ��m�$ÄM>êâ5g Emotiv ¤kÏ�. �©�½
æ8&Ò�üg¢�L§Xã 2 ¤«, äN¢�L§Ǒ:

ã 2 ü�&Òæ8L§
Fig. 2 The process of signal sampling

1) 3¢�m© (t = 0 s) �, ÉÁö?u�tG�, ·�u«fþ;
2) � t = 2 s �, òk��ár�J«(, J2ÉÁöm©�1�A�¢�?Ö (����$ÄÚ��m�$Ä);
3) 3 t = 6 s �, ¬k��Ê��J«(, ÉÁöÊ��AÄ��¢�?Ö, 3²Lá6�>E��UYeg¢�.�©�ÅÀ� 25 ��m!�Nèx� 10 ¶ÉÁö5�¤¢�êâ�æ8. 1) 4z ÉÁöÙG&Òæ8�ügÁ�L§, ¿�¡&Òæ8L§¥�5¿¯�; 2) z ÉÁöÏL Emotiv Daìé�m�$Ä��M>&Ò©O?1 10 ©¨�Ôö;

3) z ÉÁö�1�A�A½Ä�?Ö¿æ8�m

�$Ä��M>&Ò, ¿^ TestBench ^���æ8�&Ò. z ÉÁö�éz�aA½Ä�?Ö�?1 40 g¢�. Emotiv �æ�ªÇǑ 128 Hz, �©�za&Ò�À�üg¢�L§¥1 2∼ 6 s m�êâ, = 4 s �êâ, ù�Òk 512 �êâ:. ræ8��üa&ÒÜ¤Ǒ����, ïá�¢�êâ8�k 800 ���. |^ RCSP-A Ú Bagging
RCSP �{©Oé�m�$Ä��M>&Ò?1AÆJ�. �âª (10), �©Äu Bagging RCSP �{?�ÚJ��m�$Ä��M>&ÒAÆ. ã 3�Ñ
Ù¥�¶ÉÁö��m�$Ä��M>&Ò�AÆ�©Ù. 2^ LDA òJ��p�AÆ�þN��$��m, ��æ^Äu NNC �©a�{?1©a, �� 10  ÉÁö3ü«�{e�£OÇ!²þ£OÇ9��, �L 2.

ã 3 �m�$Ä��M>&Ò�AÆ�©Ù
Fig. 3 The distribution of eigenvalue of EEG induced by

the left hand and right hand motor imageryL 2 RCSP-A Ú BRCSP �{e�l�£OÇ (%)

Table 2 The recognition rate of off-line based on

RCSP-A and BRCSP (%)ÉÁö 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



2048 g Ä z Æ � 43òdã 3 �±wÑ, ²LAÆJ��, �m�$Ä��M>&Òäké���©5, ã 3 �Ñ�´Ù¥ü�AÆ�©Ùã. Bagging RCSP �{´3
RCSP �{Ú\Ù��N�M>êâ5~�Æ��Ý
�O� ��Ä:þ, ­EÀ� 5 g��, J�Ñ°�5�r��m�$Ä��M>AÆ, �ä�©5.L 2 w«
Äu RCSP-A Ú Bagging RCSP�{é 10  ÉÁö�$Ä��M>êâAÆJ���£O(J, �^ÚO©Û¥� Paired-sample
t-test, (J�L 3.L 3 RCSP-A Ú BRCSP �{� t-test (J

Table 3 The result of t-test based on

RCSP-A and BRCSP

RCSP-A BRCSPþ� 0.842740 0.871910IO� 0.0691799 0.0523412�'Xê 0.955

t –3.741

df 9

sig. (Vý) 0.005l t-test (J�Ñ, RCSP-A �AÆJ���©aO(Ç²þ�Ǒ 84.274 %, Bagging RCSP�©aO(Ç²þ�Ǒ 87.191 %, Ù�'XêǑ
0.955. �u�Y² a = 0.05, ÙVýu� P =
0.005, ªCu 0, `²Äu RCSP-A Ú Bagging
RCSP ü«�{�©aO(ÇkwÍ��É. �'� RCSP-A, Bagging RCSP �²þO(ÇJp
 2.92 %, �IO���, °�5��, `²T�{3M>&ÒAÆJ��¡`uÙ� CSP û)�{.

3 �þ¢�Ǒ
?�Ú�y Bagging RCSP �{�k�5, 3�UÓ«²�þ?1
*>&Ò9Ï�Á�.æ^�Ó�æ8M>&ÒÚ*>&Ò� Emotiv Daì�Ǒ&Òæ8��, òVÂ�ß!����$ÄÚ��m�$Ä�ǑnaA½Ä�&Ò. TXÚ|^*>&Ò��Ó«1rG�, |^�m�$Ä��M>&Ò��Ó«��. 3Ó«�����¥,
EEG k²L 0.1∼ 30 Hz �ÈÅì, ,�ÏL Bag-
ging RCSP �{J�M>&Ò¥�k^&E, 2�^ LDA òAÆ�þN��$��m, ��æ^Äu
NNC �©a�{«©�m���$Ä, ¿=zǑ��·-UCÓ«$Ä���. T BCI XÚÌ�d&Òæ8��!&Ò?nÚ�UÓ«|¤, Ù(�Xã
4 ¤«. �©�&Òæ8�� Emotiv Daìk 16�>4, Ù¥ 2 �>4Ǒë�>4, 14 �Ǒæ�>4, æ�ªÇǑ 128 Hz, TDaìUìIS 10∼ 20

IO>4S�{?1>4S�, >4S� �Xã 5¤«.

ã 4 BCI XÚe�
Fig. 4 BCI system architecture

ã 5 >4S� �
Fig. 5 Distribution of electrodesÏL4 10  ÉÁö�^Äu RCSP-A �<Å�pXÚÚÄu Bagging RCSP �<Å�pXÚ3Ó«²�þ?1­E5¢�, �¤Xã 6 �½� 8i/´�. lã 6 �±wÑ, 3²/�mü>����æNÔ, ÉÁölå:Ñu, 3Ó«± 0.15 m/s
?��½e, ÏL���m�$Ä��Ó«��ÚVÂ�ß��Ó«Ê�, �g7L�mü>�æNÔ. �Ù�3�XÚ��, T��·-�ûu^r�g�¹Ä[16−17].

ã 6 ¢�´»
Fig. 6 The experimental routeã 7 Ǒ 10  ÉÁö©O3Äu RCSP-A Ú

Bagging RCSP ü«�{e,���UÓ«rÑ� 8
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ã 7 Äuü«�{� BCI XÚ;,
Fig. 7 The wheelchair track of two kinds of BCI systemi/;,, ü«���{þU�¤5½´»þ�¢�. dã 7 (b) ��, 3Äu Bagging RCSP �<Å�pXÚe, ÉÁöÑU
S�²w/�¤�½´�, � 8 i/m>vk�>^w, ÏǑÉÁö3�m�$Ä��L§¥I�pÝ8¥5¿å, ´�)�N��M>&ÒAÆ�u)Cz[18−19] , ­½5ü$, ���
&Ò�Ø£O, ù�:lã 7 (a) �mü>;,é'¥½�wÑ. lã 7 (a) �±wÑ, Ǒ,Äu RCSP-A �<Å�pXÚǑU�¤�½´�, �� Bagging RCSP �', Ù;,­�Ñy���ÅÄ�Ø1w, Ó«m©�/�=!��¿£��$Ä. ù´ÏǑ RCSP �{Ǒ,Ú\
Ù�ÉÁö�M>êâ, ~�
Æ��Ý
�O� �, �

Bagging RCSP �{òÔö��©¤����, ¿ÏLJ� RCSP AÆ5ÀJÔö�, ����, °�5��.

4 o(�©JÑ
^uAÆJ�� Bagging RCSP �{, ¿3 BCI III êâ8þ�yÙk�5, (JL², �'�Ù�U?� CSP �{, Bagging RCSP

�²þO(Ç�p, AÆJ�Ñ���. ,�|^
Bagging RCSP Ú RCSP-A 3 10 <æ8��m���$Äêâ8þ?1l��ý, ¿é(J?1 Tu�, Bagging RCSP � RCSP-A �£OÇJpwÍ, Ó�äk���IO�, `² Bagging RCSP�{3M>&ÒAÆJ�¥�k�5. ��, 3�UÓ«²�þ, |^T�{¢y
$Ä��M>&Ò3����UÓ«�=Úm=, Ù²þ�(ÇǑ
87.19 %, �p���
 96.06 %, `uÙ� CSP 9Ùû)�{. �M>&Ò�²þ£OÇEk�?�Ú�Jp, õaM>&Ò�AÆJ�Ú©a�IUY&¢ïÄ.
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