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Common Spatial Patterns in Classification Based on Less Number Channels of EEG

HUANG Gan LIU Guang-Quan ZHU Xiang-Yang*
( School of Mechanical Engincering , Shanghai Jiao Tong University , Shanghai 200240)

Abstract: In the most current motor imaginery based brain-computer interface ( BCI) systems, common spatial pattern
(CSP) algorithm has been proven to be a powerful method. However, the multi-channel based CSP algorithm has
problems in processing frequency domain information and EEG signals with less numbers of channels. We proposed a
method considering the signals in different frequency bands as new channels and making CSP filter on these channels.
The result of this method won the second place in BCI Competition 2008, data set IIb with the average Kappa
coefficient of 0.58. The use of frequency domain information in the proposed method compensated for the insufficient

channel numbers in the motor imagery based pattern recognition.
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REWEZARRBBRAEE ., —MFH=EEIER
N R M T H K 5 B (signal-to-noise ratio,
SNR) , H LAl BB X BB M A R R R E R 1S
E f& %y & (information transform rate, ITR). #E3CHR
(3] MEH IR T b o IR AS BRI - 420, AR
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(Bl E)BE 3 cm) Fl K Laplacian ( i B B3 #% [A) BB
6 cm) 5 3L fth — B 23 (6] B B 5 5, M0 FE AL 4r AT
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Fig.1 The paradigm of the first two sessions
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Fig.2 The paradigm of the last three sessions

BB RER R 3 MR FER(C . C, M C,)id
SEBE, RSN 250 Hzo WEIP AN 0.5~ 100
Hz, HAMNEH A 50 Hz MG B #R . X FRF 8 %2R
E3NSEMERMNEOMMA LR, S
FRIE Fz WOLE, BAh 3 AR S BB kiD=
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3 C.C.C, R34 FRE (EOG) BRI B, (a)
EEG; (b) EOG

Fig.3 Electrode montage of C,, C,, C, and the three
monopolar EOG channels'”! . (a) EEG; (b) EOG
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2.1 CSPHE%

SR, EABELEEREGE S L, CSPEKE
ERFTEY, X—B R HEAE Fukunaga ¥
F o™ B S5 B Ramoser 5| A BCI R&™ . CcSP&
BRI AR EEER N AR ELE, IR -HE
e, R EXHBESWENT, —RESH
HEIXFIMK, B —RFTRITEZRBR/N, MTTE
PR EH.

WE kAR FINBNREES S

% (1) %,(2) %, (1)

xzfl) x2$2) xzft) 1)

r =

x, (1) %,(2) x,(t)
B MEEMNGESHR,HERKEN . CSP

%, 00 RBELGFREBEHN T EE
B C.C., B

C. = D)XiX, C = >XX (2)

IsEIl kGl,

HEEEANROAEFEBES MW EE I; B
W, k€I,

B N EER C T ESR,E

C=C+C, =UZ3U, (3)

o, S RHRRIEE N fFE, U, R B R E 1 B 48
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5= M B ALE RS B AR R
FHEEE C, . C,, BN WSIEES B

P=yVz'UL (4)
S, = PC,P" = UL, U"
S = PC.P" = UE.U"
AR 40 2 I [ B X R A B RO, S, S, R MR
FIFHMEME U, BXT R AR AEE K AR 1, 8]
S, +8, =1 (6)
R, 1 RN
XE,W=UPB®EFTERKE S ES
(spatial filters) ,Xf N ) A = W' € R "# IR A 3L F
%5 [A] B X, (common spatial patterns) o

é\

(5)

Z, = WX, (7

ELTBER WHRERNES Z, +,5,.8,

BRKE m MEEERMNMES Z,(p=1,2,,

2m) , FREAFHREBBINRBES FEHEF
MR #E—, FTLRBUT 5 2m MRLE, B

- var(ka)
S, = log Z:lvar(zk,,)
(p =1,2,-,2m) (8)
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EERBROHER T, ROFHBREER
ot J v A5 5 EAT 43 245 (58 R Ay o e X — v A A D B BT
o —MIERT RIS EHPAE:

—EHEATHER X0 #1730 2003
42005 MR BB ENEIEE, XX FHER
KT AWEEK, MENMMESMERENERBER
LM A, R FEEETERER, £
W — e A0 B (40 SFFS)! | B3 HLEEAT IR
BMESE, XLRALBERANERFEFRAMBBEA
A BERPRMEY R, b, B XRTOER
RIPYBEHERLERIEEREZRRMEN. 5
Ah, X T B BT IE S MR B R LA — 4 th 0.1 AT
HBWERBREZR  FREANEESRZRBA RS
%31
2.3 FEWARMAE

ZRB L EBWA T, RITEXRZ P EH
T 2ol CSP B3k i JEAR St Ak A B ) 18 B ] A

2.3.1 Wiz
FIF F B B9 Butterworth JE 2% , G BN EE K
155 5 R
8§ ~10Hz 9 ~ 11 Hz 10 ~ 12Hz -+ 28 ~ 30 Hz
8~12Hz 9~ 13Hz 10 ~ 14Hz -+ 26 ~ 30 Hz
8~16Hz 9 ~17Hz 10 ~ 18 Hz - 22 ~ 30 Hz

S5 ANMARBEHES, RIET FEHHERHE,
EOG thil thAE M Z S W E R T
2.3.2 Y%

B3INEESEE.SS MABMESRE—
2, B 165 1 Fi @ iE I 5B 15 5 Kk CSP, ##
BK B/ 3 X e 1 BT X B A 4R AE 1) B N BE Y
75 1], o JRAR 5 AT e 18 35R F5% 3R I A U U5, 415 3
BB 15 5 7 EAE AR, AL #5153 BF (linear
discriminant analysis, LDA)R#:474r3%,

XE IR R BT A R R R K,
HEET % 32 4 B} [H] 5 4% CSP, &

34~54s 36~56s 3.8~58s - 6.0~8.05s
34~.59s 36~6.1s 38~63s - 5.5~8.0s
34~6.4s 36~66s 3.8~68s - 50~8.0s

FIH B BB g, X FEAEHE R ¢, B
G3RBOR B I W B 1] B BT I 45 th ok B CSP A 48
R 5 AE N AR AN I R A ¢, TR R AR B E) B A R
RIS o, BN TR ER, 718 0.15214,>4 s,
BB EE R 0.5~5s RE,

MFG—ANRIRE B BB BN — R,

HFEAXRAUPHITERBHRES MREREH
FEABEEEAING A, AR Y A
WEP RS, XEEH B RIGR (self-test) T A
FB 38 LB UE (cross-validation ) i J B J2 5 3 B RCR A6
EAX, MARMAWITBERERE/NMEE,

3 £%

7E 2008 4E ) BCI E SEHIE L b M LT, |

R FERESTE - SB RS, i =4 68 8K

Kappa 2 507> 5l & 0.60.0.58.0.46, ¥ 58 45 1R K

KK 20%.21% .27% , RAELERINE 1. X THHE
H‘Jﬁ%rﬁ]%,Kappa REHIE AR

Kappa &R = 1 - 2(45iRF) (9)

£ 1 BI=% Kappa B¥ B
Tab.1 The Kappa value comparison of the front three

ZRxR H—4 EBK B=4
ZRE1 0.40 0.42 0.19
RRE2 0.21 0.21 0.12
ZRE3 0.22 0.14 0.12
ZikA 4 0.95 0.94 0.77
ZiRE S 0.86 0.71 0.57
ZRE6 0.61 0.62 0.49
RAET 0.56 0.61 0.38
ZRE 8 0.85 0.84 0.85
ZWE9 0.74 0.78 0.61
KR 0.60 0.58 0.46

XER[6]#% 32 E LBl AL R, X 9 AK
BB R4 A, ZRE 23 WE, EFRER ;1.7
BRTFHE;ZIAESOCIOBTR, WiABMERT; &
RERZIRE 4 M8, B4R 4TRSS
T IS5 R Kappa REFERS M AL 4R, KB
F R B Y BT = 2 AN B9 Kappa R B Ho, MR
HHER, A AMBNERNE R LESE -8
I, EF RENMFENBIBRLEEZELF —EH
W EREAE 3 S HAWERAME -4

3 AR

MEBERE, BZHERIMAT ESHBY
5.8, DA BB E Bt 2 19 18 0L T 38 sh B R = 4
HHIMERE o K7 8k SE B b R A% [ g PR AE 45 3R 48,
FRIEIR A #EATAL 2, B AR PO R AR AIE 43 2K I N ZE LA
RE—HEFIER , BENREHLRERE, XHM
RIBEA B T BRI
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Fig.4 The continuous classification output of the nine subjects in BCI competition 2008 data set IIb. (In the figure, the Kappa

coefficients of the top three participants are also given in the subfigures with different grayscale correspondingly. The middle bars

are our results) (a) “poor”; (b) “acceptabe”; (c) “good”; (d) “excellent”
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BiE A, AR TR SR P A B KM MR RE 4
7, BEEBELH B AT RN, S AR T R AL
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X— LR R

WEAESR, AL EE O 7 A BF X CEEEMA T CSP
BHAE X —SUR ML . R PR 5E B IR B A A 82
AR,CSPEBREW HEH M M E A TR
TR OB RAN /AR E, B CSp A n
WA — W R R, 208 B D i B
8, CSP F B A X4, (i 38 9 9 15 B 3R 4T i Ak

B, AMRRINBEEERERTXERBHEE,
AT ¥R CSP B R PR 0 FE CSP E B 24
GRS 1A .
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FHEFEEJNRAY—HBER T H:. —REREET
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EhHE,BRERTHEHRR.
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