JAA#H#E, A214 A2s
Korean Journal of Cognitive Science
2010, Vol. 21, No. 2, 309~338.

AT 75 o2 AlE A% T AR W A5 B

o #Z o of B % o & &

9] 5o a5t A st A7 AR R

£ =godMe AR HlEo] AAE FF oA FEtANE He Tled doldle FAES
gt Aoz sne AN AY & UES St SAFH Aol
Brain-Computer Interface) 7]&-8& A3 A3 8E Holorje] AF Aule) oJshH, AAE

Aol S T B, HY 2544 Hd d9oXE g3H14-26 Hy9t pI3K68-12 Ho7h
A/Z7} == ERD/ERS(Event-Related Desynchronization / Synchronization) &4to] dFAltial a4
th B AFME olE ke z 3§, W, 9 9 EE] 53 S AFoE o] g3t W)
£ 4 A5 ARE AN0oR Basel NEAe A4E 48 & YuS Hgon, 4525
ol BFOE oI5 4+ GES S ke Ao} AESAOIAE TN, T4 4 A 8

AFE ¥ A7 BF) WS B2e7] A Mol £4L FA FOUAE EE A7 AT

X0 12

2 ZAo] 7153 HH<52 S HEEEG: ElectroEncephaloGraphy)S |43}t 28y HAE A&
L B4y 50l 2ot vioksh, Ao 9% gel BHel ofdith Wek o FHa)
sl SAH WS TR @ 7)ASE 71l CSP(Common Spatial Pattern)9} M FHE 4
(Linear Discriminant Analysis)S 0|83l M2 T2 F2 Aol 93] LAsl= = 255 ko] &
o) AUt HEE ATE Wasel 04 A5E £ & YA FF B8 ¥ A5 A2

st5 T3, 71l LHA H 9| s Retz, AR A A4} XSk ERDERS o] LA
0]}

= 2 9% F Ak

FHO] : =HNE, H-AFE QEuHo|L, S o H NS B4, 02 Hof

P ¥ GTE APUS DIAIEE WATHIAIFHISAIIYD s 229 SR
2 999 u} & @ Tol $e AYAFA vAslFolnEsa AEE AP KA A
99l geldl = Folwseha 28, ANY, SR Sl gAEgU,

t A ow Wﬂth’ﬂ AANAAFER, Aok AFAS, AAB}

E-mail: sylece(@yonsei.ac.kr

- 309 -



oIx|otEt, M213 M2&

I.4 &

A& W (Amyotrophic Lateral Sclerosis)o| U} 7H5 ZFZ(Locked-in Syndrome)¥} 7+
Agew sl £50A0) sl AAE S04 Rehe 8452 29, 304
2 7/H°1,\1X]”} &5 2AY Ae As TS gifEY 50| Brbssith ol
e Fol 93st £FF & Qe o] WS

=

Aolth. ¥-7FH QB H| 0] 2(Brain-Computer Interface: BCI) 7]&S o]# 3 AS =

¥ A vplsel §40l4 BT He e Aokl BAEAA o

AAte] A4 us FA4sFa, HFE *éﬂ]oi e A =
o

& %
23 9L FYT 5 JE D &2 AAFeE AgH B

T ul
I ITHIL BA 7l far qbdsHl =) A7 Fes ST A= Vs S
A3 o ABE AFoz B4t Nsk= Ve, siE HoHE Ve 9
B Xz

B

322 AHAoE Aol J|1&eE s & gk

¥ A5E F4shs e A5 H(nvasive) YHT H1F 52 (Non-Tnvasive) W
2 Utk I58 e oix o™ Ay AFE Eob A [FUE Aold] @
SEREERIEE D

e AEE A5E 2 5 Arke Aol Uk oA

[o

=R

of HFL AR AP A ) Wlsk Be 5Ee AR s, AT
o o Zeolit ¥ MES £42 Aot F 9v] Wil 4 AP 153
ofof Grhs olelg 7T gtk W, MAGH WHE Foo] A3 $aks
of i AolH Dok Azl 474 BEL SRS ol Hol A7)
e do] Whol FE WHE BEH] M) BEL BHHOE FSHE )54

- 310 -



012t - OJEhE - OIAR | HFIE 75t OFRA HOIS I5H S5 A4 | 4l

fol
AI
=

27

—

ofr
S
o
B

T GAHMRI: functional Magnetic Resonance Imaging)¥} HIARA
gAY o oFES Aol ikl ook o]F AE e o
REg BEdo] ¥o A7 BES 2Yshs FAA} U BIPET: Posicron
Emission Tomography), F3]ol] A Z(Electrode)S F-2rsle] FHE9] W3S Eaf YA
e A7) 4155 =Hdl= HAZ(EEG: ElectroEncephaloGraphy)= B <52 WHH ol

12
i
4

\o]

.-
Ay

L

= mk?i rr

mE

dolth. o] F, HATES 0|83t WS MMRIS} PETHE= 2] 3319 HoA A
Aohs AEE 22k o] FoolA A4S 7] wiwel HoM AR A5}
A2 HolAY gl F7HH0l Ass FASI7F AR offu: wHe
A Slek SAR Hsk AAle Raae, A AT Erie 3w
BCI 7]8+e] thaksl QI Ho) 2o &8F 4 gtk

2 ATelME BA 713 el B2RE Al 7HA A7 WE FllM T wiAle} Al
AA 71gd 24 Btk F o sl g HAR A HEs 24
sk siystrl ¢ & W A 7L ZIAISs S ol8skien, 4

4% o5 AGIE AT AT WETel ABAN Ao E ATHL
A o5 W AP Bk B P SRS A2 Fo1 Q4
Mk 2, ke Alo] B Pse B4 PEe HPat Yoz
33, old] AYehe AEE ABOR AEHA AN d4tE Neg
aLoizyq /\U\g:doﬂ}q,] OQ. 7}

H— = R
I

011"
i3
N
>
ol
ol
32
o
b
rot
M
1%
A,
&
>
fol
{o,
>
N X
bioam o2 o

HIH54 BC 7S A7dke A 97 252 LAEHCHY Gra
University of Technology®] G. Pfurtscheller’} F+E=3}31 Q1= Laboratory of Brain-
Computer Interfaces(BCILab) 3783} =Y Berlin Institute of Technology®] K.-R. Mueller
9} G. Curio, B. Blankertz7} 3522 FE38}3l QU+ Berlin Brain Computer Interface
(BBC) ¢7Elo] 3t} BCLab ATE-E ERD/ERS(Event-Related Desynchronization /
Synchronization) EAH31E ©]&3F BCI 7]& /Lo AFA=Z o]F o83t thakst

- 311 -



jo] BC & A|2HS AHPT oS S, H4 W A(Spinal Cord Lesion)E <13}
22 $AY 5 gE Aol A4noR AR HE B $HY 5 LS FHe
%S etgonid, 98% e £ L 59 e exEeol 2
H EEas gse Al2EE FESTHSL W, BB RS BCIO|X 9] Ab
b ol 23t A

He A
W, B PHOR 24T ¥ A5E BAS F
A

AFOZ BAE AMEstal §)
@z Zrell g+ AYS strve Lkl FAE st dHshe 24 4
715 WA

P]=2] University of Washingtono| A= @27} 940 Q= 22l A3 71
GERE JEEHE IS EHAM, 2RAA dofo) A wiaE o e X
OS2 o]Fstes WPsh= Ml BA 7Hke] 2R Ao} VlEs HEeluhs] E
3t J. Wolpaw7} ©]Zal JiE Wadsworth Center®] BCI ol Me FAH 24
SAF AARte 7 ojmds AL F UEF ke AILHES ANEsiitioL A
292 IDIAP oM e A4eg HEs dAlols ddhke Aa"S 753
SATH10L

HlEE 7kl HHe A5 E o839 BA ATelMe 54 ¥ ARFEES /Y
AZ171 98 24 F 7HX e A et F B - B 111*16}
o ¥ AZFFS Fshe Pyolw, B2 i JPAL A2xE o AT

< sk WHolnh ofF A=l o WY FolA EHEZ-‘M Ao E= SSVEP

—

3
rE
tlo

S
>
op

_?l_‘;
ui

(Steady State Visually Evoked Potential), P300 5] $lT}. SSVEPE Fulgo] g
A&LHo R HS 7%.“’“7%3‘21’%1 J@ze] A7 oA FLE Fugo] ¥ 4l
T2 AYAshs woltH11l 222 P300S Oddball H2jthlS o] &3k o A5 A

4 Wolth ALAQ ASde D 7hEA BAshks A=l diske, A50] F
o F oF 300ms o]Fol M AE7 o] gor F43] FrieHA Hew s
P300 Al& 2} $oH12L SSVEPLF P3003 o] 9F x2S =3+ WY AS 93
2ke] o= AAglol HollA AHsH o dojuhs Rho7] el HluA 4
A S ASE ds F dve Fxdol vk AR AP o5 A5 AL
L Qlojofsty] wiiel A Hs FAISokske @Al T thkek <1H
ojzolE HEatrldde ofElgol YoH, o W WA ofRTkS &4 F glo]

- 312 -



0lZigt - OfEHE - Ol&2 | HFIE 7IEH OIRA HOIS $I8H S5t AN & M5 24

dt

o AAEE S AT E oE e At grFer £ Ads

2 SA71E Blolth o]Ae AREALS oj2ld]] ejEZA 0]7] wE
o B2 QTS wol B ANsE A7t oo 9A
o] S’M AT ARALY] AZEE 0] 8-517] Wil ofe] 7hA] o2 el wet A
2 408 FH9 AJsE 9e g sdon, A3 o Be A JAE v
T Qo] thdet AElFo] 2R H o] §oldtthe AHE 7}7%}.

C. Gandevia9} C. Rothwell= Alo] A4 &4 H29)9] 284S SN v, =
25 AE FYolA Huko] HiErIEde R s Tﬁ} = 7k tAl
glo] FZ L AA o2 ZFo]=+ ERD(Event-Related Desynchronization) &4t} 1
Q1 ERS(Event-Related Synchronization) &4fo] dojdthe AL =9 sFTH3L
G. Pfurccheller?} N. Christa A1A]2] ZHZ &2]Yo] old E% =

Phahe Ao 2r 747 &5 3d dQoli LT Hut Aol dojdthe
Hom, o]F o] &3 BA A=FlS LHEATHIL
o ta] % o] o]Fold Ag, ol5S "WEe WAL E M‘V“ %‘Q"
o= g3K14-26 Ho9t p9K8-12 Hz)7b A|/Z7}E]= ERD/E
B2 A7 FelA 2ar Aus, 6, 8L
A W vih A9 W3} wlg =W, o] BA A4

o7 44 Aok ol FAE FES] 98 e EdE F

ki ‘:’Jé} 71%94 AT 2s] JYHAL vk S, ZhongF J. Ghosho] ATEFL S
24 rtERE RS QAR FESA 019, 20}, P

Shenoy%t R. Rao= & WFE 1o WA =g RdPF oAt HEYZ

2 8o
(<]

o
UL
=+
FH
N o4z o e 2 K fo

73
rﬁL m
3
(23
o

o 4z Me e

2dS AQHetATHSL 18]al, C. Gouy-Pailler 52 HAHAE ¥ 45 7 WS o
&3t o] 71 2 gl weEt Wglshe o AEE 1Ashe AT ARE
2% 7710 oist Bod ZAIgE U8 F Lotte 59 A}

B ATIAE x589 el g ABAANA, JAst ol % %
wgste] BAge) Uje oldE vigoz @ H-AFY Addels /e FE
Ak ¥ A5E olgdtel 249 BN Yol AR w19 ANE ofF 7

- 313 -



% St A 229 T2 Ao] AEsol2g TG S, &, .
& 2289 BAL PPGORA 4Y) O o A5E APt 4 5 F -
4oz vk ANE AT & ARS Stk 33 FLOA WS
x 2 3R] Ash, M) B9 A%
ol W] Wold Qe A, Axe] Frol F ¥ B Aolge Y
oM 2% 19] EAR we o] &, W, 9, Q2L FA AL B9 Ao
g 9% AFox 4ad ot 43¢ 9 ¥ A B4 2 A7z 1
A4S A 5 99

AHE phe AN o)F Aol BEEV} BS ARHE o doke 3
3} T $EolH aTHE ARAQ B Alls) st FAste] 4 W
Aol Azo] A gol Golaiths Abd W] Be AR olHAL Utk %
e, 24 Asle] B3 kel ARE AR a2 olEsR
Qo] Jhsstm, A% AN} FAAES A AA BE FASY Ao e
A 53 B DI S8 Ropol A go] s
A5 Tl Rase] o)A o AEE ZHoe HAE W o

M AEE ¥ As7t H-FAE-FHE AA AFdM SAH7] vl A%
7b vl wlokstal, 59 Y-S Wol Wethe 9AS 7MY wiEed A 3

Aol 4] Common Average Response, Laplacian 5] WH[141S o] &3] FS2 A7
s, g ¥ AeE F5shy] A A7 Bel dsA Sk a2y olg W
o g = 5S4 AAsH| JEthe A8 HZe ols Aeold o
A U A SHS] Hsl $AA 7S 7Ieg g 7)A St ol
gt} HEHoEE FAE EA(Principal Component Analysis), =3

A& E-2(Independent Component Analysis), CSP(Common Spatial Pattern), A EFH &
2] SVM(Support Vector Machine) 5°] Th £ AGo|r= CSPe} Ay B S
o] &3tk CsPe Pelo] ikl BxHol e F N ME tE 29 H
olHE dtiste, F e 7+ HolE BXE Ee B4 Aort 7P ZA U=
= o= A2e #x eites Ay H]O]Ei—% Eﬁ%/\]% S 2H HloJEe] o]
2 o] B4k E0lal, 2

o] B A 3A oM F FHad H]O]EV} ME g de] "ol



0[Zi0! - O[ElE - OAtE | HIKIT J[h DIRA HOIS I3t S AL | A5 2A

A & F3, o] %9 WEO g HoHE Ao =N HolHY 39S =
o

m a4+ W8 2 33

o WakE Q43 A7

A2 go) Aol Aol 42 el B ¥ A5o) WS
AE WEAT QI AW BAAAY RS ATE AFE vhe2 AN

1. AIAE e
B AfoME &, 8 A& 2829 57 Add FY0S 53 4] gE o
N2 YAs] A 8- - 4 Weko g npeAZ Aolsls H-ATE QlEHT)



oIX|ntEl M21#H M25

!

o|l25 T 9 2v 7 A 7N vk Ao} dEHo|2Y e s
o2 Holx St} ¢4, % *J%Oﬂ ofsf HAHE ¥ NeE HHAT ]
FolMe AFE T FAsle ¥ A5
SAske HdEE HAx *Ji%: o] g3t ¥ A5 =42 NeuroScan AH2]
10-20 A|2=ES wWE Quick-capS FEFO 7

Jetlet. HH= ﬁiJ 7158 A9 WHEo] A HeE ¢
71%2i g IS FEHS o8tk w3 Hue] =
= Az 9FE & F JeEE ¢

%1}91 =44 HJ%Ol UrE‘r‘ﬁ F2ol thaid e A tidelM ALz

i

M ot 1>
:czl_g‘
A\
ox
ok
v
HS
>
i
od,
ok
=
l-m
r&

—

mww\“‘rvmmww"mfww\wmmma

. — E i il (i M’MW il
L‘_ = @ PO LTV a i

Ha NE F5

A S B8 de puet gk wste] JFsr] st SAE o s
o Fois e WEIYE A8stel posh puke] FE UBe 5 H~30 He
el 40 ) NSV FEIT. Tk B0l A ATE olgatel 4 Boks
7ro] EAS & 1Y F I AHY FES Y3 CSP(Common Spatial Pattern)S
{5, 2719 F2 ol thsled A BROERS WA Hol: AT A4S
o Auwch o PHe B BAE 2 2ds W ¥ A5E 54 urz v



=]
oy
re
o
2
Mok
=]
0>
10
v
=
Hn
N
e
[m ]
o
|>
>
<
]
do
rok
o
12
0
0z
i
>
fol
I
1=

3o, Ao
o %&_;L‘E A48 283
A AR
. o= IL];;Eﬁi W e l‘] Ao 7}_;;]27} -%O]TS-}‘E% e
Atk %ﬂ;j}hﬂr 9 A5 ‘;ng By E‘é‘%hle% wue O];—f 28}
. CSP w3 ;jf;: N30 m;};:g“éb] oya ;{oﬂ‘@x}q} fﬂéﬂ‘; ]i:}
3¥ 5% B;Ltg 4o 9|7 ‘_ S AR th:% g F N—L 57
Hol i) i}agb el 2z 74 oo SER AA Ag

FE 7HEAIRE %Ei":—‘aﬂﬁt} 29 ;joj 2

TH A Eue &2 71
4 $E2 A

vl 7149 &
07—(-} AFAF
0001

© A2 39
(© A= 2

2l 3 oA o
A OlE{m[0|A AlH
28 siH

- 317 -



oIx|otEt, M213 M2&

=

=)
i)
S
1o
k)
o2
ol
¥ o

Z 2 F s It 1ga

95t sl (A o]E 7F X 288W9] ATo] AA ¥ AFE IS
= BEE AF AdeA S4sA G, 27 5ol FA19 A %

el #ofste AR IR AT Hd T AAS

FT7, FC3, FCZ, FC4, FT8, T7, C3, CZ, C4, T8, TP7, CP3, CPZ CP4, TP8, P3, PZ,

P4, OZ)0|A 250 HzZ2 AZH3IYTE Fuz B dAFore] Age E4-3 S

At AT 22 AlokE $70] opd Uk oA A} HPS EUEH

sk Ak Abolol] 2hegh 7hetolE AX|stal APE Falste] Al AFHE AR

& e T3 2~ /‘}OH Hlolg] FollM ddxez 7P Fig >
A58 WElE Hole 3~4% Aleld] ASE FE3 Shg HloJHE o] &g
dukz o7 o] FolF F, oF 300ms Fol| BA A&EHE FF A #E o
Az7h SR A A ATHsE SHAIRE A3 A3 300ms d-F2] EloJH= M
Aze] Wsrt AzkE = H‘jolﬂ‘r B 25S 1Y) wiEl vl kgAel
BEES Hole 12 79 A5 E g+ HolHE o]&3sith

- 318 -



& 54 A fre A=

[#]

OIE@J@EH%MJQ%/ ST 78
=]
[

0 1 2 3 4 5 & 7 8 ts)

w
O
wn
9
@)
o
3
3
(@]
=)
wn
ol
o]
5
v
=
(_Eg
S
i
o
00
rol
am
0
t
i

dte] ¥ xS WMEZ BARL W, o ¥E I el Foz e
w2 AFo = Wy F1he) AR 3 4150 CSP(Common Spatial Pattern) 3
ZH EE A gl EAS 3230 CSpe 3 FP 2ol £3) vlolElEd tisiA
= Aol A7l HEE dhal, ywA] g Sz &k HolE Sl tisiA
= bl HAavt HER dte HAR5S AFetaL, ddY voHES o] MES
AxHom WPl 2Ux 7 dolEy B SodES St sl%olt 19
6o S5k F4 9ol U HNAE A5 ol cp BHE 48RS 9
HgE A5e] o5 HojFa gtk 2o QEXRAAN FH QS HEA BY
2 ool ojd B4 el A5 ol 228w % B4 e o
A A7e FaFRen, g Qs A8AHE e 3 3 el WE A
59 e PaH, % TR A U Ase) 27 228 42 2+ 3

£

- 319 -



oIx|otEt, M213 M2&

WW! WWWM% ww;www ( ﬂ{ w«\«zw ‘

iH =)

730 732 34

MEL FAE=o 24 = CSPel F& W6 di&] AHExL WA, 2 &
a8 o Az st 4] (I} o] AFEE TEA RS I At
= AR g2 Ax 7t Jelde & Als HileEe] ks Zol7] Y3k Aot

R, = ViV, M
¢ Trace(V(f V;g

A7 Vie Y2 oo AR Az Wi o A5E Jehle M

R= UMU; ©)

U,Sh AL A7t mol U nREs) 14ae etk 4 @l g 79 1
T3 TFHEE o] &sle] WA 3K whitening) HE PH Q= A" 1/2U T3t}

- 320 -



02igt - OJehE - OIAR | =BT Tk OFRA HOIZ 98t A A & Al 24
wagt W 9 Qr IAUE U0 I3 AQE dlolEE) B Fitaks

el
i tidel He AZ bE T FH2Ete] Fe2 v UHA 2826l o
& Bt FeN VL R =R+ By + RS AT ol Zdx 13 yriA|
ggog & dojch. A F Y Falae Hit FEAt
WS G, S = QR Q' 5= QR'Q"7} Btk
U3 ufHE S A 9, 42 5 = U\ U
S/ =UNU'2 82 F drk E3 5+ 5, = QRQ =} =7 wi
M A =T BESH Bk ole 53 59 AfHE AT A7 AE g9
A Adthks AL ousith. & A o] AAW A& FolAA =i, wE A 7t
Aol A& & g Feth 99 #AE B3 7@ 0% Qs WA ¥ A
fsﬂa Vil Agst 2 ¢ go] A2 54 WEE 4A "ok FF Q"
kel 2717 VP 2 38 QO 9% mohe] EWH et ik 2717 7
&% P Qo L% milo d¥EE 7€ PHolth

Fll‘ fot

o

=UulQvi 3)

2 el £98 urkth ofmS FojH Fg ) A
59 Aol7h BASHEAS W} & ek

GPE ol8stel F2F 54 WESe st dFwd ¥4

T 2 HolHr M2 2 “FA T RS A S4
§ RdS ARgetel ZdHdt ARE A o Al oig
T e THEAIE ZlolA gEAeg Aol #

AP PHE FUAE o] Bakat Fe e B v Az v

EM
o
g

- 321 -



=1

eIx|npst, M21AH A2

gle]

L
-

&3t
Ao
=

b 7 gezeo

3|

= Wize Ao
oot A3 B3 ol s AbdE slolE el dig

=

o

g.az

I

T

)

[¢)

3

CEERE

~ 2
H’l_,UQ’

(

)

)

2

.

2

S

1

L

)9} #o] W3

ol

3|

2 o)

tel 2 @ell 4 3)

9

w3l P8 = 2] 9

- 322 -



A
A

HI

02igt - OJehE - O|AR | =R Tk OFRA HOIZ I3t S5 A & Al

Si= 2 y— )

= (ZL(WTx— wly,)?
)
=2 wWia—p)@—p)"'W

T E w,;

=wrisw

AN 8 = ¥ (= p)a—p,)" otk A @] ERFe thgat o] A

€ w;

Cl=1
Si+ Si= WS, w

ojml, Sy =5, + Solvk E3 J(W)e] BAEL vt o] wdHATt

(Ml_M2)2 = (WT 1 WTMZ )2
= WT(M - M2)(M1 - M2)TW
= wrs,w

AZNM Sp = — oItk w2 J(W)E 4 ©)F 2o] TP

wrs,w

JW) = ———
WS, w

JOW) & Hdiglslrl flated woll diate] vlES g o] 09 ¢e =
2 3= w2 Fath

- 323 -



oIx|otEt, M213 M2&

d _d WS, w B
WV[J( w)] = W[m] =0
dwrs,w] dlw's,, wl
T -t PR T 2t CYwr
(W75 W e = [T, =

(WIS, W28, W— WS, W28, W= 0

FHS WS, WE e,

W Sy SpW— 1w s,m SyW=0

(WS, W] (WS, W]

SyW—JSyW=0

Sy SpW=JW
ol WEshs W VY W 5y, LAUEZ Bk g 58,9 3
8 W e FaA HW HFHoR oL gk

W, = SI;"’l(/Jfl - MQ)

29 HolHE ANz ¥
JHE 4 BIT 5 YES wolEr)

- 324 -



0lzie! - OfekE - O|AE [ HIRIE TJik OFRA HOIS SIst SA A4 & A5 24
a4 74
p(y| W) T T T T T T T T T
03 p(yIw)~ N %)
f-\
;b
Py
!
p(yiwm)~N(sH | 1
0.2 P | 1 -
’ . i |
’ N ‘
L4 . J
! A i
’ !
J P i
4 . i i
! Y \
01 F K ! \ i
¢ S
+ “ ! \
S [ \‘.
Fa
S \/V1 / ‘\\ W2 1
‘f' "‘ \
. et TR NI NI NI | 1 ety by Ty T
8—5—4—3—210123458?8)}

00 =
B -7 -

= e—
sAE =

5. 7F2AI2HGaussian)

2
Lot
i

td
mﬁ

ZF ZE2=9] B; HolHE MRE ¥

e dolEEel theto] taat o] 7

~ 5 L y-m)y™
~ Ny, s?) (ylw,) = =—F—e '
Y H1581 f Ylw, Slm
~ 5 L =™
y ~ Npg, 53) fylw,y) = —= e
HasS9 2 5 o

Aze 9 = A
8¢ dlolEE Bl vl TS FL T o) 7454 g
W, Ee BERS M How FUsE YR 2



=1

oIX|ntstl, HM21 A2

o

=
==

Z A9E HAE HolHZE 24 A 9

=

j

A

Jata, 49 AN LEE ANT AtAE F W

o

=
1=

w

O~

29l

2

= ds &%t

CIE{m|o]

6. DI2A

EEEEES

A

_CSP-X

Foh5 oY BE
S48 7HPAI 3

lo] HAE dHo]

S

29

ok AN RRes AN 27

s

a3s A4

o

o
‘WO

A

o
N
N

N
T

=y

o
°

o}
o4 9

o
R

BgozH Ad2

2= X
= ThE T

Ao

2
UA Hh

5]

23

L
fu

Zetold 9&=-9 olFdl i

=
-

s

T EF A mE vk 7K o]5o] AREANAl 3

2l
woz AgHw HUx

wR2 AN ANZEOE olF

L
-

=
il
T
dr
B

gholg Ak A7](1%)

Fay
=

- 326 -



A
A

HI

091 - OfEHE - 042 | SR 7|8 IR HOIS 9I3H S5 44 & A3

Abolol] MR ¥ Az tha] cspel A& b

1=
Agat] 2ol F4" 54 WH XE FEIH 54 wWE X dia]
[e]
o

o, ok BA g A B FY JUE A2 shie Furz 48P
oM 2349 Bk QlEslolze BEHE ¥Y & YES ok mAToR o
AT $F ARE AYAE AFY vh9s ABsols Beolz WHs AEY
o= vk ANE 2R

V. 43 43 2 =9

1. S& A dYof| M2 A E o Also| Hst
NG} B4 A4E FAAAE A9, 2AZ M) oW o)A ERDIERS
7 JeEAS gely] gkl 19 99 2o 8, W A, ceed] B
g ) Aol AR ¥ 2156 the ERDERSE YT Azt AR B8
We TASAT 52 4 ol sl 7k AdelA dold ERDERS WHE A
& BR e B9, LES TY 94X casW) AYT FCa16R)
A FWoN F2 ERD/ERS Aol HAF RS AT £ 9l 1elw o2
X8k C319%) DT FGREH) AFoA, & 5

el Aee Ca15W) AdF FC20%) AEolA] ERDERS &/ge] UHElstT
ARt o 2 & FA Y] A, HY LEH FEQ CPAGH), P8TH) AEH
z HEo] py(11), P3(121), CP3(13H)9} FT7(25WH) 2jdollA] ERD/ERS &Afo] Wt
AFRE AE FAT 5 Ak o] Avhe 27 1904 1 vle} o] ¥ A% 4

l‘

it

FH

- 327 -



oIx|otEt, M213 M2&

0 200 400 600 800 1000
A ZH(ms)

. 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0
A1 ZHms) A1 ZHms)

T2 9. ERD/ERS & AlZiof| ME &Md & & Mg miE #Hs}

ARDFA ARG AN QNFL ¢ 5 Ak £ U] s A2 Be
A Apgel wet 247) B ¥ A5 SfEe] etk Ade B ATl B4
g el vk QEsolzg] 38 F54S SIS A%t Uk

$2 3ol thstel o Foke el FUF ERDERS #go] UehieA]
g Fas] skl a9 1039 go] 4 ¥F
ERD/ERS 312 A3} Fohs 82 sl
o4 ERD/ERS @go] 713 TS B4
ERNIEE 7t $4 34 ¥ ERDERS W& HH, @Avi 234 Aol AR
5~30 Hz Atole] B4 Adst B4 Foke Geo) thate] FashA Bse AL
2 5 gtk ot 2 Y o gl ERDERS @4} B Bl 98

Ehd T

=

2

g s

&l mlo FUIO i3
rx,
i
o
0
%
o
Z
2
o
fru
v

- 328 -



i

. 0JALS | TME 7|HF OFRA M0

- olepz

ERD/ERS 241} topography B4

St

S|

&hefol| o

;:—1_

QoA Uehd Fatso] o

TC
T X

ERD/ERS #kol 713

topography %

ol A EAldl

=
=

Ztoll A ERD/ERS &7go] LAY

ERD/ERS

A}
2}

WA A9 AgelA HoE F

3ol 3
9]

foll o

o7 2 veh

™
I

!

L
pE

2
&

sol A%

T SATH18L

oW

[e]

i
i[5
20
0

Kr
0

B

jjN

o] Aol
S EE EERCE FREE R

13 o,

S

sH0 43

3!

)A
A

9]

o]tk

=

e}

j
‘ﬂl
el

o)

Aol Hhate] 3@t

)6]'

7 )

- 329 -



eIx|nfet, HM21AH M2s

A} 5o ARyt 4 Y29 T A ASE d9Few ERE o HAse
BFE9 710l 25.0%5 0 B Eve AS & ¢ Aok HA 7 479
401%9 7AFo% 9 #R7E Buh of 15.1% E}oH, Huo &F Z2H=
603%2 Yol wHE B} oF 35.10% =t T ZF F@Aeth Hdl 10.0%9
Z zolE Hole RS 1T = Set oleg AR Ao R = Alguitt
o] Fx7t t2a1 57 e tid FFgo] 2] o s dddnh

M

87 B 8 q&E eg¢ s & B

=
A} 1 58.1% 53.3% 55.2% 49.6% 54.1%
&z} 2 42.3% 45.6% 48.2% 40.1% 44.1%
3z} 3 51.5% 54.1% 60.3% 42.0% 52.0%
Ht 50.6% 51.0% 43.9% 54.6% 50.1%

Qo] Aol st 74 AP et} 52} *o“%ﬂ tate] ojug xpol7h AEA],
T3 7 52k Ao g E ol ERS Hol=xE Blsy] $3d 1
113 22 Box-PlotS IR YTE 7z 9Fa ¥Ha 52 A 257 A sty
A4S At T, - FHagk, 28 #4s BoFa ok

A} 19] A9 B g0l =ezoz 54, 3%94 #Hs B Hogh2 58.1%,
HAPE 9.6%° F= Yehll= Ae & Utk B4 1272 Hlad 92 g

= Uik ol& sl A3A 19 B, 4 S T2 el dste Bl
A £ JFEE /I & A4S Fds Y 28 WE § ok v
A2} 298] A, FURE 44.0%E vnF e 2G5S How, g 4829,
gk 40.1%, BARS 1289 @S YERAITE AR 29 Bee 4 S
T2 el tete] LB BES HolXl ANt FElgh 54 S FAskAle
£ A& st

Y7} 39 ALoE FUHS 528%08 HlwF ES S BAT Huig
A% AA A F 7P =& w9 603%S R, A 42.0%9 ¢S e

- 330 -



i

. 0JALS | TME 7|HF OFRA M0

- olepz

g2 Uitk Arigt

o olmd 5452 e

=

290 Zolzto] 420%02 AA T2

A

k3]
=4

EE

xfoi =

[

=

5|

[}

gl 1.

G0 -

ad 12e 7 g2 gl o

HojFal vt &ol] it =2

= M

3]
o B2 Aol e $13)7}

Al
=

S ke Btk agla HAZE 9A 401%2 AA|

3K

N

ey, ek Ao AAE 471K

e
_L

43

Atole]

J

A

=

AAE
Al 60.3%=2 A

=

o} ¥hi, 3
o

-

i, Higk

- 331 -



‘:’o]]

R

A7} mE 9esgolo)] o

3]
=1

339

L

R

sttt ©]

5

1

o
o

=1

ey

, M213 w2

F

=

=3

x|z}

o
=

el

[e)

3

) 2 A
Azbo] gt

EEDEC R

o
R4

]

ikl

g

tack 7 9@ M2 a3 33 go] £
H

=l

T3 13914 HAFa o vk QIE#|0] 29

3. D} QlE{H|0] A0 CHSH
7h 6 Y

=
=

e

FH =2

5 vpes AN} B

&+

-
o
ojp
s
Bl

- 332 -



1©
4
X
N
N
E)
P
(0]
il
o
N
N
i
o

Aol e g wigow F4 gl

A ) QPG Sk S AES Fh R 54 AT A 04

b

B4 9 B 978 B9 20 sHs AGE Aol e HaEd A
solag ATaAE 2 A B9lo] we 54 ol £AE o 47 Az o
£ o) YR uoieh govl odAlEE ERDERS E4bo] WIS AL A

Fe)2 5

Fup HE o] AlH e g S & Uk gt O]S S5l
B H AEES BAA VA g s et g8

PstAaL, olE 22k vk QI H o]z A8tk %4 el Bedst
Ao 7 AR 2% ud Fo) X3 2070¢] AWDFEZ FI7, FC3, FCZ, FCA,
FT8, T7, C3, CZ, C4, T8, TP7, CP3, CPZ, CP4, TPS, P3, PZ, P4, 0Z)o|A] 250 HzZ
AEDeL, 129 2715 7 €8eld =S ol&st] dARteRE 4l
EFate] w2 AXE Aok

B gPdztel] thgk WA AFA H 50.1%9 94 s BATh ©]

fofr
m[m

- 333 -



oIx|otEt, M213 M2&

4 719 Zezdl e $A FERTE 52 94 AFolAT A A
Fap7ldle F8A0] vk @ 5 glvh A4 e Astel tiE A0 An
A 4, B AreAE 3wt H & Fu 99E 1A g A
IR oz e e 5~30 Hzo Fouks FAEAT 2 g od%
#o] ERD/ERS @7do] F3letA] % 34641} Slol 4 Fex T2 e £

Hiol A UEAE %}om JAFE ABso|29 H5e 7Y
B i} B40] £ M AEE FHF 4 e} FAF 822 4§
]

AR WY B 7

L

}o{.
Ll
mE e
Loy
i nﬁ 44 ox o L

&
o,
Q,

i)

o oX ¢

= 5

o

f

:(x)‘:,"

5

_>|i

AH mﬁol»} A7t g, FY
ol 493 A vend el

45gek FF 0|9} gzl )
BE F7bHos Agel fdE F o

oy

o AR A T 14
ARl 0l Mg ofels A
oA AGF Fois

N
N
2
2
ox
o>‘
m{o
:?L_“
O
o
=)
1

10 R =)

e 4

fo > T

12
2,

to = r—{o

4
e
—g' o FUfol ok

.
o

H
E|
O
i\

o>
il
_}L
it

o 08,
%0

Lo
1>

k2 pARe RO RS gx% Az Akl wlg- Aths Ax 9
| Btk oA ZabE, g5 dolHol HE HH: A5 E

=

I

B Qe 1 A7Es s 994 HAE 489S 2R 9
@ mUS g437 9 FuAel B HA% dolHE Ad S
calibration ©AIES Ao} 3t} o= dA|L] B 7|EdAY sHAHCR
A SIE el el A9 A S AUtk Fa
28 WY w5 w0 Baw Ao, 5
olaslel ZzEHYS AL,
A% HA2SG A ed v
H AZe B A7t pEs] K13
4 S0 9 sl oIR8 615 e e el 1) 7
3f 7. & Y 71Nk H-AE o)l Ylee vhes

o

19

z

oz —|—‘ _1,

N
il
m& oo

olf
O]



0lZigt - OfEHE - Ol&2 | HFIE 7IEH OIRA HOIS $I8H S5t AN & M5 24

71A Alojs} AE DAo T2 Ao T I ﬂ‘:' AAE Aofst=H 282 +
how, 53] AbA| Bt oflet mEAE ARRFEA FF o)A Fdhe Ao dsdlA
it 89 S AT = 5 dvke T&d 4“1% VJE}. rpAEe 2 Bd
o8 "J‘QOI‘% A A Sl 850 A 79E
A= Z&Ho FASdAE MEE ABH |22

m°1‘

AEY

n}L

[11 J. Wolpaw, N. Birbaumer, W. Heetderks, D. McFarland, P. Peckham, G. Schalk, E.
Donchin, L. Quatrano, C. Robinson, T. Vaughan, “Brain Computer Interface
Technology: A Review of the First International Meeting,” IEEE Trans. on
Rehabilitation Engineering, Vol. 8, No. 2, 2000, pp. 164-173.

{2} A. Vuckovic and F. Sepulveda, “Delta Band Contribution in Cue-based Single Trial
Classification of Real and Imaginary Wrist Movements,” Medical and Biological
Engineering and Computing, Vol. 46, No. 6, 2008, pp. 529-539.

[31 C. Gandevia and C. Rothwell, “Knowledge of Motor Commands and the Recruitment
of Human Motoneurons,” Brain, Vol. 110, No. 5, 1987, pp. 1117-1130.

{4} C. Guger, W. Harkam, C. Hertnaes, and G. Pfurtscheller, “Prosthetic Control by an
EEG-based Brain-Computer Interface (BCI),” Proc. 5th European Conference for the
Advancement of Assistive Technology, Diisseldorf, Germany, Nov. 3-6, 1999.

[51 C. Guger, R. Leeb, D. Friedman, V. Vinayagamoorthy, G. Edlinger, and M. Slater,

”

“Controlling Virtual Environments by Thoughts,” Clinical Neurophysiology, Vol. 118,
No. 4, 2007, pp. e36.

[6] M. Tangermann, M. Krauledat, K. Grzeska, M. Sagebaum, B. Blankertz, C. Vidaurre,
and K.-R. Miiller, “Playing Pinball with Non-invasive BCIL,” Proc. Advances in Neural
Information Processing Systems, 2008, pp. 1641-1648.

{71 K. Miiller, M. Tangermann, G. Dornhege, M. Krauledat, G. Curio, and B. Blankertz,

- 335 -



oIx|otEt, M213 M2&

“Machine Learning for Real-Time Single-Trial EEG-Analysis: From Brain-Computer
Interfacing to Mental State Monitoring,” Journal of Neuroscience Methods, Vol. 167,
No. 1, 2008, pp. 82-90.

[81 P. Shenoy and R. Rao, “Dynamic Bayesian Networks for Brain-Computer Interfaces,”
Advances in Neural Information Processing Systems, 2005, Vol. 17, pp. 1265-1272.

[91 T. Vaughan, D. McFarland, G. Schalk, W. Sarnacki, D. Krusienski, E. Sellers, and ]J.
Wolpaw, “The Wadsworth BCI Research and Development Program: at Home With
BCIL,” IEEE Transactions on Neural Systems and Rehabilitation —Engineering, Vol. 14,
No. 2, 2006, pp. 229-233.

{101 J. Philips, J. Millan, G. Vanacker, E. Lew, F. Galan, P. Ferrez, H. Brussel, and M.
Nuttin, “Adaptive Shared Control of a Brain-Actuated Simulated Wheelchair,” Proc.
IEEE 10th International Conference on Rehabilitation Robotics, Noordwijk, The
Netherlands, June 13-15, 2007, pp. 408-414.

{11} S. Morgan, H. Jansen, and S. Hillyard, “Selective Attention to Stimulus Location
Modulates the Steady-State Visual Evoked Potential,” Proceedings of the National
Academy of Sciences of the United States of America, Vol. 93, No. 10, May 1996,
pp. 4770-4772.

{12} S. Sutton, M. Braren, J. Zubin, and E. John. “Evoked-Potential Correlates of Stimulus
Uncertainty,” Science, Vol. 150, No. 700, 1965, pp. 1187-1188.

[131 G. Pfurtcheller and N. Christa, “Motor Imagery and Direct Brain-Computer
Communication,” Proceedings of the IEEE, Vol. 89, No. 7, 2001, pp. 1123-1134.

[14} E. Chatrian, C. Peterson, and A. Lazarte, “The Blocking of the Rolandic Wicket
Rhythm and Some Central Changes Related to Movement,” Electroencephalography
and Clinical Neurophysiology, Vol. 11, No. 3, 1959, pp. 497-510.

{15} http://commons.wikimedia.org/wiki/File:Homunculus.png.

{16} J. Gerking, G. Pfurtscheller, and H. Flyvbjerg, “Designing Optimal Spatial Filters for
Single-Trial EEG Classification in a Movement Task,” Clinical Neurophysiology, Vol.

110, No. 5, 1999, pp. 787-798.

{17} R. Duda, P. Hart, and D. Stork, Pattern Classification, Willey-Interscience, 2000.

- 336 -



02igt - OJehE - OIAR | =BT Tk OFRA HOIZ 98t A A & Al 24

[181 G. Pfurtscheller, C. Brunner, A. Schlégl and F. Silva, “Mu Rhythm
(De)synchronization and EEG Single-Trial Classification of Different Motor Imagery
Tasks,” Neurolmage, Vol. 31, No. 1, 2006, pp. 153-159.

[191 S. Zhong and J. Ghosh, “HMMs and Coupled HMMs for Multi-Channel EEG
Classification,” Proc. IEEE International Joint Conference on Neural Networks, 2002,
pp. 1154-1159.

{201 S. Solhjoo, A. Nasrabadi, and M. Golpayegani, “Classification of Chaotic Signals using
HMM Classifiers: EEG-based Mental Task Classification,” Proc. the European Signal
Processing Conference, 2005.

{211 C. Gouy-Pailler, M. Congedo, C. Brunner, C. Jutten, and G. Pfurtscheller,
“Nonstationary Brain Source Separation for Multiclass Motor Imagery,” IEEE Trans. on
Biomedical Engineering, Vol. 57, No. 2, 2010, pp. 469-478.

{221 F. Lotte, M. Congedo, A. Lecuyer, F. Lamarche, and B. Arnaldi, “A Review of

Classification Algorithms for EEG-based Brain-Computer Interfaces,” Journal of Neural

Engineering, No. 4, 2007, pp. R1-R13.

IXFAAH S - 2009. 12. 23
22F4 S 2 2010, 4. 6
HZAAES - 2010. 5. 19

- 337 -



olx| st M21H HM2&
(Abstracd

Motor Imagery Brain Signal Analysis
for EEG-based Mouse Control

Kyeong-Yeon Lee Tae-Hoon Lee Sang-Yoon Lee
Daewon Foreign Language School of Electrical and Electronic Engineering
High School Yonsei University

In this paper, we studied the brain-computer interface (BCI). BCIs help severely disabled people to
control external devices by analyzing their brain signals evoked from motor imageries. The findings in
the field of neurophysiology revealed that the power of (3 (14-26 Hz) and p (8-12 Hz) thythms
decreases or increases in synchrony of the underlying neuronal populations in the sensorymotor cortex
when people imagine the movement of their body parts. These are called Event-Related
Desynchronization / Synchronization (ERD/ERS), respectively. We implemented a BCl-based mouse
interface system which enabled subjects to control a computer mouse cursor into four different directions
(eg, up, down, left, and right) by analyzing brain signal patterns online. Tongue, foot, left-hand, and
right-hand motor imageries were utilized to stimulate a human brain. We used a non-invasive EEG
which records brain's spontaneous electrical activity over a short period of time by placing electrodes on
the scalp. Because of the nature of the EEG signals, ie., low amplitude and vulnerability to artifacts
and noise, it is hard to analyze and classify brain signals measured by EEG directly. In order to
overcome these obstacles, we applied statistical machine-learning techniques. We could achieve high
performance in the classification of four motor imageries by employing Common Spatial Pattern (CSP)
and Linear Discriminant Analysis (LDA) which transformed input EEG signals into a new coordinate
system making the variances among different motor imagery signals maximized for easy classification.
From the inspection of the topographies of the results, we could also confirm ERD/ERS appeared at
different brain areas for different motor imageries showing the correspondence with the anatomical and

neurophysiological knowledge.

Kywards : EEG, hain-anputer interfac, moear immgery brain signal analysis, mouse anatrd
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