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B )& B [H] SRR R BIAREE AR N {1,
2,3,4 i —A . LLSERLSUBAR TR A Bt A B iR
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BB ARN :Kappa= (p-1/C)/(1-1/C), K €
RRFNE, p BIEFHIRTIR,
1.2 XWER

ERAFIZBZAESN, LBARAFTIEH R
WMHWERE . ZiXELEERKE, EEMREAK
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B— NN EF HFFE & WENELED),
HRBER1.25s, ZEZRAEHMMHEMNELR B
B, EAE6s(t=6s)TFHRENKRIIE. HARE
A2 04 BV E 6ok B AT,
1.3 EEXE

A 22 4 Ag/AgCl BB R FE KB5S
(EEG), 5 5h 3 MR RIS R IR 15 5 (EOG), T A
HESHRBRUEILR NS HE DAL IEBM R
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X A5 B O 25 40 0 B0 TR I A Ak SR ST LAY
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XX,

~ trace(X'XT) (1)
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Xt R, AT RRAEE 2
R, = UAU" 3
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I = PRP’ (4)
X 1 B, B
P =AU (5)
AES, MR R, F R, #ITEBR
S, = PR,P",d € {1,2} (6)

s, S, A SLFE B RRE R &, B X R 8 R EE
ZHHR 1, B, mE
S, = BA,B' (N

n

S, = BA,B" and A, +4, =1 (8)
XEEWRE S, FIEEERWFH L, S, BFFE
BN, RZIR, FRREGFESHENRK, BR
M whaTXEE.

W = B"P 9)
WRE—NNxNRERE, WHITREEEES,
W MFIRAEEER, BRHES X Bl wRE
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Z = WX (10)
%t CSPAEHE S, B W HREIJLIT (5 S, B KMJL
ANEREAEAR N R ) W EMFE S  ERTEA 1
MEEHEKX, BT 2HFEZRA:TH WHE
JUT (5 S, B/ JLANFRIE (B A X 1 ) U8 3 7™ 4 19
RSN X m X R R IBELS (B WK
B om A HE m A7) A NFES 007 23T R
FEL LA 3, FFEFRAE

f - log(var(Z,))
! Z:rllog(var( Z,‘))’

Hp var(- )RR FE,
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AT EIRSE Ma #1740 2805, 53 LAT 4 N TR
17 FiAL 3 AR IE 4R B, RRIE PR 4E , 4 26,

B 1(FAE):E5%,HE5H#1T8~30 Hz 19
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65 W B 9 AL w5 I, (A B I 55 B9 R e R 0
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(electro-oculogram, EOG) L8 Z=k%

BB 2(4SMERE ) : R “—XF —"H CSP, B X
P9S8 5 AR T ERAE CSP AL B, SR — AN
MEE W, BARBE 6 N REBERE. NME—-IREE
B, RATBURER 8 M (AIEH 4,185 8x6=
48 % B9 45 1E & B (feature vector) , X FFALHE B 5
“—XFHBE7H CSP AL, LRETFHRITE CSP
AR, ARG R RA R, A EAS R
BIMAZH B RKEEE Fm, WE—XF LK CSP
LT ORETRRNE A RIS, AEEHE A
— N RERE BRIRMBRETm. RWA—F
T, R K ug, “—xF—" ) CSP B &
KWED,EBIBN C B, “—X—"# CSPTHFER C
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R CAREERE. fEiHHE CSP R EREET, H IR
WHEBER T B AR CSP, TR EFESEHK

REFH BT B RITE CSP . ALBERBHF
AR, NET KB (¢ =2 ) B M4 AT BS M A BB B
RABBURMEI 4326

0 3(FERELE )  ff FH Fisher BUZRMEHI R4
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o RS 48 AR RRIAERE E 3 4,

GRWA(5 ) ER N BB LS
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Fig.1 Features of the “one-to-one” and “one-to-else” CSP, and the corresponding spatial filter. {a) “one-to-else” features; {b)

“one-to-one” features; (c) spatial filter

w2, PSS B B TER 1 R T X
CSP SR i 13 B B Rp A LA B xoh 7 9 25 (6] BB 2 8% o 4F1E
BRI RSO 2.1 W, ERRH, b R
HT & CPRERHES Z X —THRE, UKXX
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IERS] 2,34 A, R HEL EIFRBIMF K
FUR 5 3 BRAL, 9850 2.4 H 8K R #5255 1
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15350 3 B H R TS 2.4 BT,
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3 K

XEHEE T P HABEHRTERGTE, ER
ASRET,EEBTE %, ANSEZLEAR
B ¥R V3 Kappa R EUKIK X:0.57,0.52,0.31,
0.30,0.29, & 1 HAI =8 LA KK HHE A Kappa

MEERTLLE B, A7 18 B/ Kappa AL
51 ALK 0.05), 5= ZHILEH B MK H
(% 0.21) , X ULIAA T X FH KR EEG B2 2%
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WK AT BRI RERREHRNER, 53

BROAJFR TR ET B, WERSRER 248, FXEMHOFE.

F1 LTI BBINEABIEN Kappa RY
Tab.1 The Kappa coefficient for each subject got by the first three teems

R 2 TUF N, AT R AN TRENERTS

B B 2 BiE 3 B4 BiE s g6 g7 i 8 HoiE 9 Pty
B1E 0.68 0.42 0.75 0.48 0.40 0.27 0.77 0.75 0.61 0.57
E2R 0.69 0.34 0.71 0.44 0.16 0.21 0.66 0.73 0.69 0.52
B35 0.38 0.18 0.48 0.33 0.07 0.14 0.29 0.49 0.44 0.31
R2 FHFEESEARBFTENERBLR
Tab.2 Comparison of the accuracies got by the proposed method and the reference method
g1 $E 2 Az 3 B4 B s BT i 8 ¥ 9 iy
Xt b7 B IERR R/ % 61.7 45.5 69.8 49.3 36.5 67.0 69.1 75.0 59.99
EHHEEHRE/ % 76.8 50.5 78.2 58.0 37 74.5 79.8 76.9 66.44
4 % 5 % [21 Pfuttscheller G, Brunner C, Schlogl A, et al. Mu rhythm (de)
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synchronization and EEG single-trial classification of different motor

imagery tasks [J]. Neuroimage, 2006, 31(1): 153 - 159.

[3] Blankeriz B, Tomioka R, Lemm S, et al . Optimizing spatial filters
P2 BRI K R 9 2 R R, R B for robust EEG ringle-trial analysis [J]. IEEE Signal Processing
HNAEFREXN BCI RAFTESHMEBAHER Magazine, 2008, 25(1): 41 - 56.
+HERY. B, HFEHRE LIS EEG K [4] Nacem M, Brunner C, Leeb R, et al. Separability of four-class

FE AR F . T FARLIERA BCI R
g8 BRI N A B RUBVE YR , 0 CSP, ML ARt 3
BHMURHAUBRHTEEBARSE, AWERAT
“—Xf—"Hy CSP % , % BCI 3% 2¥ 2008 M EIELE 11a
BITAE HERREPRATE L WRS, X
HXFRBEAERN. HF—FHE,. AR FER
eV %k CSP 4 RERY B (8] BY b 384T T R4k % 8, i 5
BRRAHIERASIT(RETLE FEH 8 ~
30 Hz) , XARERMBHI AR EHEH# — L ERBWE
Hz—. ETFT—$WHART BEENRS CSPHE
A BT AR A 1) R

5% X #

[1]

Wolpaw J, Birbaumer N, McFarland D, et al. Brain-computer

interfaces for communication and control [ J ]. Clinical

Neurophysiology, 2002, 113(6): 767 — 791.

[5]

[6]

motor imagery data using independent component analysis [J].
Journal of Neural Engineering, 2006, 3: 208 - 216.

Brunner C, Naeem M, Leeb R, et al. Spatial filtering and
selection of optimized components in four class motor imagery EEG
data using independent components analysis [ J]. Patten
Recognition Letters, 2007, 28(8): 957 - 964.

Fukunaga K. Introduction to Statistical Pattern Recognition [ M].
Academic Press, 1990.

Andrew C, Pfurtscheller G. On the existence of different alpha band
thythms in the hand area of man [J]. Neuroscience Letters, 1997,
222(2): 103 - 106.

Pfurtscheller G, Stancak A, Edlinger G. On the existence of
different types of central beta rhythms below 30 Hz [J].
Electroencephalography and Clinical Neurophysiology, 1997, 102
(4): 316 - 325.

Duda R, Hart P, Stork D. Pattern classification [M]. Wiley New
York, 2001.



