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Abstract

Steady-State Visually Evoked Potentials (SSVEP) are natural response signal associated with the visual stimuli with
specific frequency. By using SSVEP, occipital lobe region is electrically activated as frequency form equivalent to
stimuli frequency with bandwidth from 3.5Hz to 75Hz. In this paper, we propose an experimental paradigm for
analyzing EEGs based on the properties of SSVEP. At first, an experiment is performed to extract frequency feature
of EEGs that is measured from the image-based visual stimuli associated with specific objective with affordance and
object-related affordance is measured by using mirror neuron system based on the frequency feature. And then, linear
discriminant analysis (LDA) method is applied to perform the online classification of the objective pattern associated
with the EEG-based affordance data. By using the SSVEP measurement experiment, we propose a Brain—-Computer
Interface (BCI) system for recognizing user’s inherent intentions. The existing SSVEP application system, such as
speller, is able to classify the EEG pattern based on grid image patterns and their variations. However, our proposed
SSVEP-based BCI system performs object pattern classification based on the matters with a variety of shapes in
input images and has higher generality than existing system.

Key Words : Steady-State Visually Evoked Potentials, Mirror Neuron System, Linear Discriminant Analysis, EEG,
Brain-Computer Interface

1. M = A2 7)) FIREY vhas) o] AbgAel gt
49 §HYe pAss PR AEselx Axy
Moz AgAel =g stelsta ek

AU 2E F2 4 AT —’F 9= Human Computer

HdA 2011 118 19

MAHEE)YRE 2011 112 192 Interaction (HCD®] &l w2 77k Ja+ 1 Ao &
AR B AR} : 2012 22 1Y As A=714 JF A7l %P 2 9lon ~nlE E ¥
* WAl MR 23 PC 5 71& Qg o) A|2HO A AL-8-x2}<} ;qJ E]
B 22 2 o 01dE RAsshs dge  FUE I Gl die SHaEe] ARs AT A
ea=2ech 2 Q= Aot} oleld ) QE ol s Fuli o
2Alel 2 i B =22 BTN SHATKN YA CHUUE Fopld T GFHS wHetal gk s =

o] mo] A2 43 E-KINECT A28 wrh A@da vgo

A (No. 2011-0029861)0ll A1 x| &l5to{ o o&L|C
(No. 2011-0029861)0llA{  X| & 50 TSRSt 2 3390 ~Hdo AE BALE A Au HNEo] shs

A X0l A= CH

62



s, B4, RANA J%e) THE Fal AL, H3a
A % vheat AHEHINE E9%) dEuo] nrt a4
QA AE LA ATE 5 aloke 2ol AT (1]
ahAm B30l HCIE F@shy] el 2449 93
urh AR B9, AH AE 5 RogHoz W
EUAY g EmE ome] i £/ o8 AEA
o BAY 4 Qi FEel Yd A7t Aesich

olsh Fstol Fel7t PFARUT Lok AZHA Hjo]
gl dig qizke] WA whgol R AANEE 7)o

2 SMste dAolth thEZe A EokR  Brain-
Computer Interface (BCD) 7} dth <1zt ¥&= o4
o] NAAER FAH] glo] M)A s AEE F74
7Fsst, o] & BCI 7|&S &85t Waow 32 A7}
Aol git). oledt 5EAL A Algxle] AZHS HCI
Alz=dle] QlEo g Fgozn s AT QIEH o]
28] FHE 7VeEA v [2] AR ®mEFel gakel &
AR Age dukd 7bsAdel X ‘H'E VRke E She
AAA w2 A48 A Wt EAsHE, A7k UiAlA
wado] ek 7 AEs gust 9@ 5= k. A4, BCI 9
T Agst g8 3 5 Al ke §FES FaA AT
7F R oA glom ol W}l 5o 7] FIeeEof
R

e
S
o

NN T ALY e $EAI LA hyHe] A
7 Ps4E AW ek olsh g BCl AFE A

AEjH o] 29 FE to = M} Aol F33 BCI 7]

<o) ggge] o]l W S o] FAAr [31
BCIE #18lME 715 9 &5 gk 2

ZINbo. 2 Abge] omE A dF ¥ o)

rot

o9

[

1 WA B 54 (non-invasive) WHoOE
F8HA Hofo Aol HI Mo thit =4
8495 ugste FAE o Eo] ARggth
Electroencephalography (EEG)= H|H &4 ¥ &5 =
o] EAR] A=A, AIZHESF] fMR], INIRS T
HF 54 Wl v)s)] ol AAIZF A o] 7153
AA7A A8 FF2 EEG 7I8F BCI Al 2=H]
og oheFst HEdHov s Felsr|e e
o} T3 ot 259 ¥ Y 59 9FA ¢ 9% =
©
O;

o &L
il

kel

o Lo K 2p
: =
)
(e

o
fz
k)

ol fFYEY] A9, ¥ F9 1 N5 Ee] ERHo=
WHAEH7] Wi 99 i ARE7]5S EEGRES o] 83}¢
LAl o) olE S5
FA=E AEste] Ul HIFAE gEHoZ FUoaH,
BCI Al&=glo] ¢85+ 3

2 P300& 7IWFe.® Sh= S

B AP qE EEGOl et A =

EA4 AAlel #AE AR JFEE ddstal ol 7|k
o8 grE FAIE AFE AYstuxal stk o]E s
E A3 Hdalg SSVEP AT [15]8 7|¥to = gul
2ol LA A 9] (Steady-State Visually Evoked
Potentials, SSVEP)+= | ¥F9 (Occipital Lobe)oll A7+
Aolgtal sk AlGFF7E Jdon A RIE AJZT o
=2 AME] 90X By 2% AE 58 B3
SSVEPE A F34E 7k Al digh &AFdnk-s
2lsolm 35Hz~75Hz9] 3t W& 2t A4 A=53
TS TR S5 G4 AT S DA

=4
7= 4ol gtk o] W WA T ABE o] o]
$§ A2 AT F Ak [6. B =RelAE /2o

M| E o] 23 Mirror Neuron System 7|8 BCI A|AE! 7j gt

SSVEP A3d<& 7jbto g EEG =4 d#ttd® SSVEP
7k BCI Al="S 53] AFEA7E A58t e A9}
o 538k AE5RLEA (affordance) & <1415k, o]
= o] &3] AFEAY EE FEIE WS Aoksith

2.

e
[

ol 7

21 =m ME Fxa o

Hube= dubd 0 7 brain activity?] A%< 34 A17]7]
A AAES Fole Wel o 77 vk M V&
Hol gl= #AE A (preprocessing) S F3  Fd}
(artifacts) & A|AsI] F= Zo|tH7].

EEG A3 AlZbel] oh2 pvel #he d440= Aoy
£ Zoltk. welA EEG A5 ADCE o] &3lo] ofgd=1
AT gAE AR WS itk o] P MEY F
g7t oA "k RES 128Hz, 256Hz, 512HzE 2
o] AV&31A ®t} 512Hz9] AMEH Fupo] 49 1% oF
512709] o]x dolHE WA "k uwEhA] 1#e] € A
Ak Wolx A Hr) HE ojzle] ZF AR o] Fo
A& AolojA] W2 Aas Faw s ot wEhA 7]
Bl tx " ANo9l & EEG Alae 28 dAks g84o
2 AHgsty| flste] dAE HA o] Fa3HA HE Aolth

T g1y dEE AMEEte] 54 99 FuaTrs
%3 A7)1AY ICA (Independent Component Analysis)t
LDA (Linear Discriminant Analysis)9} 22 54 F=
duE|EE o]&ste] FIE AA FUIE Stk ICAE
BSS(Blind Source Separation) TA1Z2 s Z23}7] YsiA 7
e AlsAE WHoRA FHd @Wo] 2old PCA
(Principle Component Analysis)$} @e] 3H%E AsE A}
ololl 2 1A (orthogonality)S 27 314 er=tH8].

Q2 o

2.2 10-20 M Suf x| Y

AR Q] wi A2 203 Dol ske] Aol A 10-20 A
W ARSIt 10-20 WA A | 3etetslol A 4 ek
TTALR oty Ao F-A Hf= viH el we 5
H(Frontal), 4% (Central), 778+ (Parietal), 74
(Temporal), FF4-(Occipital), #F=+ (frontopolar)=
1970¢] FHHASS 71w AREdT A Al d=e] A
T A A we 2@ A glon, FrhH o 27
o A=s Fhel 2IARE AR 4 gtk B 9=

A2 A (nasion) s} 215787144, ek Sl FEs 92
g 29 M-S 7SR 10%, 20%, 20%°] i E Al 3

¥ o] BAgITE o & Eo] HZH(nasion) Y | FF§7]
AR Ed7F 7T0cmeolgtar shd REEH7}E = 35cmA|
A 7em, 1dem7) == AQel F-2HE )

Ao Wye FAAAe] Joi g} AE gt 22
o Ao RANAS 4A obd F dEs AFREF,
FARE C, FARE P, SFRE T, $E¥E 08 A8
ok Hol 2= SAkE A5 5 $5 A5 Y3



SRR SAI AT StE| =

(]

g8 A8l g, dwAel 9= International 10-20
systeme /\}_Q_o].och:]_ A= PALe el =de upA
o] A, capell EE Ado] A E A ALY HEAS
=2 LAY E}. B Ao = NeuroScanAhe]
Synamps2 64Channel QuickCap2 AF8-3}%3 T}

a9 1. =A™ 10-20 2= v X
Fig 1. International 10-20 System

N

3 HAME|A|Zh 72t 2
A A 224 9] (SSVEP)7|9ke] BCIE 9] 3%
Hk-S- (photic driving response, PDR) &4 Al-&3it},
BT B BEATIGE JEEHE sk Aol
S AR JEE) viEkE u FUs Fagot
Zto) oA EA4 5= @deltt. 59 AlZe A
= A4S wigTt B stRY T A HItE
%}’“ﬂﬂﬂr [2]. dE E°] 5Hz9| Fo5= AEste e
S AHEA7F A8 10Hz, 15Hz5 9 F9t4% 874 Yel
ot AREAbE shvbe] "ol Al HFEtd HER
BCIA 2=8lo| A ¥yl g BCIo| AEE Alo] Hofol| @
o] ARgrojzit) dlEAR G2 EAYH S $18 spellertt
AdelA 54 AE ] BEAe 22 98 Bz A=
ARE-E 3 Tt

e

a9 2. dwrAel SSVEP ¥ Adyeirtey]
Fig. 2. General Experimental Paradigms associated
with SSVEP

FI

=R Ad wrHe 78 23 o] EEG AH|E A
& spdel z7] e sjde] FaeE AREAlAl A
13t olw) AAEE A=wEe 17 39 o] A= o
2 AaFHu A z‘ﬂEH_,] e S AN A F5E A
3l SSVEP 21359 A% AaFH7 7P 28 AHsS
UERE Blos e QeH2]B].

SSVEPE ©|&3 Haddde] 45, dddA7 et
W, J@zte] sgazto] dth J@AE AN A511 A

)

L)
sy PR

>~

64

§el Adgold S| FellA shte] A=l HF

of SZ4H o yehdtt webA o] W %%%\J*&(motor
imagery)¥} £ ‘34_]4‘61 ks AAs19E &
itk S e wEe A 0z9] 14 A5 S49 S
R ’}jﬁé%‘% T dauyss

AARE o] Zhesidt [2](8].

-y
BB

1% 3. SSVEP Al A=
Fig 3. Visual Stimulus Pattern of SSVEP

24 53 $5 % 53 M

SSVEPY ERP (Event-

L

Related Potential) P300 7]4F
Aol A9 AdE 98l 7] % dolgwo] =R E <l
74]%)\__@ ;<4;<4 o]_yﬂ M;g] }qi /\Ml—o]\/]- 71—7_}-_?_%.011 e
# dlolgle] o3 thE BCI $&HT} HwA HE 54 F
£ 2 E57F 7Fseig [91[10]. EA e dFAtEe] B
AEgsta A =& 5EAS FE5] HeiA s A
7F 8 Sl Utk FE AMEEE EAES T glge
9], AR(Auto Regressive)detn|E], AlEH4Q Hg45w
ez AZb-Fa #j" 2Fe A9 Fo] Q)
[11-14]. o]¢} 2 54 FE274 o|Fddle 9 FTH{ o
deol EAE JFedolA o] Jle Ald F ¥ g wd
7V A B oA e, & B ATES M =
T e, 54 dEe MAdstes Bygo] e}
oz} Bl o] AL o el Eolmﬂ/\_n_ S|

ATFE 2 e FAEA BCIoA = Sequential floating

forward/backward selection (SFFS or SFBS)&3 22
oAl B4 Nel WHSo] dz] F85 3 9}

3. SSVEPE 0|88t S84 A oS
EEG &3 Al2H

Jo

3.1 SSVEP EEG &d& fI&t AlZX=S 447|d

B =FoA Atsl= A paradigme 712 SSVEP
Aol AXE G e Tk AE St o] A A=
of uhg Hu} ARk FAsh] v 2 %Loﬂﬂ 2
sfaal sk HAA Aol tigk A 14 el gl of
A#ol Wrh olE FEshaAt AR AHEshs olv]
A& SSVEP A=alee Abgehs abdds Ak,
ARk Apzol rﬂf& A7 siEe D(R:244, G146, Ut145)9}
@(R: 181, G 213, Ul46)& ol 8sf & Ao 4
Al S %%l A= A E sfEo] whees) Algo] S-olsh
ARl g A71E 7piad 4 glo] e B9, O, ©

=
=
A



o] e RARAE sEete] AAsen, O, @
A HE ) B4 A5 Fugeo] wel a2 A A E A
AN A5g AT A5 FagE 2 AT A B
S3tm 9= A1) (Neuroscan— SynampZ)oﬂ/ﬂ A st
= 4.29Hz, 5Hz, 6Hz, 75HzE A&t 2 A3 &
B Az "o tist AlY HARE thge] 1 4ol A

teht gk

2% 4. A 7]9F SSVEP A4S B4 3 A8
Fig 4. Ordinary Object-based SSVEP Visual Stimuli
Generation and their Applications

etsl= A3 paradigm 7]&9 SSVEP
2ol Fa sY 3 2ol ddE A
°| Eﬂr% = ThS Fefsly] W] E Aol A Fe
gzt st HAA Almol ok A 14 =] gle] of
ggo] Bt o5 FEI 1A O”‘“ﬁ%}‘ﬂ]’ﬂ ARg3HE ofr]
A& SSVEP A=A 52 AFges Ha2dS Aokgic)
At ALEe] gk sH2 AT Hu fE A] 2 )
S A aLE A A7) stel A4 ] R e
= AAsa. e Aae DR 181, G 213, U146,
E: 59, S:106, L:169)¥} @(R:244, G:146, U145, E: 0, S:
196, Lt 183) 7, Aejate] A&atom, Aol o
AsHE o] Fejz dAF ole} 2 dAdAFHH L
ol wheal] Alzto] golsh AAel BtH ZA7|E 7pHET
% 9lo] Ayt Eak D), @uEe] A WATAS
jﬂqo}oﬂ Ao, @ @ A siEn 54 25 Fo

Foll whet & AAEHEA AZGA 2SS /‘3”5}‘:} o]

& =gl
PR
_]

[}
=S
Ry

>

3:;

i)

T AT Fubaeet dudel 45 HAH 4TS
figtolth A= Fabis B Al BAst sle A

1) (Neuroscan-Synamp2)°l A A 9354= 4.29Hz, 5Hz,
6Hz, 75HzE A&t} B A3oA] &85 /\]z}x}a el
of thah A% HARE thgel 19 4elA Yehg ol

3.2 SSVEP EEG &3 A&

B m=RoAe d ddA tgF Azat=
2 AREAke] AAe gidt e 9 #d <
317] 93+ A48 paradigmS A¢ksic) A%
4 x a7e ofet 2t

Paradigm

A 1. VM (254, &), 3184k 2. NH (264, &)
A3 314 1909 7} 2 session &4
1% #H] : NeuroScan Corp. Synamp2, 64CH EEG 7|

8t Mirror Neuron System 7|8+ BCl A|AHE! 7 gt

= A2

: Oz, 01, 02, PO3, PO4, PO5, PO6
— AHAH Oz AA

Epoch Time: 1000~2022 ms, 512 point

Faxd 394

e 9l
8] up
o AelH
u, F34
24-54
= oAe 1

1%l 5. SSVEP AlZAb= 418 A% Time-Line
Fig 5. SSVEP Visual Stimuli-based Experiment

Time-Line
29 69 (@9t ol NPAE B AYD SPH 3
7t A EEG 732 2231 ¥ A58 FA|8HA ok Ad4
Sl A Aol Ao AgAle] Wolg Shaj, v

YEg Ala"S S8 dAtem FeHE A

% 6. SSVEP 7|¥F EEG 574 A3
Fig. 6 SSVEP-based EEG Measurement Experiment

SSVEP =4 %Qﬁﬂr 7—-4 "I‘J']'Toﬂ ojsl He
TAAE 7 F EAEHATE 3 HA session
Oﬂ/ﬂ A9 #EY Vﬁ% ’“a‘** o|al, “WH session i.
Az e HFe "How E 13t} 7} session?] &
Hae g e= Jud) s 3 ez o 4/\]§“E}
Labeling index: = ““/‘c} (D, @}, ZAANESSF =2
=, AP AE DE Greeno R FASHL, JHE% o=
Pink & 47] st} SAAA LS A 54T @ (THH 1
trial 5 § oAl S48 g (T2)S ofn|siet

3.3 SSVEP &3 &1 &

2 =M 34 A3 EA4 A AS9E 1] A3k &b
ol= #elaly] Yl Oz dde Hu= vud Oz 99
o+ W;{] o] CA zL_q_oﬂ AH;H;H o7 oﬂﬁko] 241;],‘

I3z 12 OEF} 2709 Fa5oA £ H3 54
vebdlich 1Hze SSVEP #A=rafigle] 49 19 7 (a)d
A9} o] 3~429HztNS 9] ul-g- HEMW% dAst= =
EQS RYAY 2 A2uE ge Hydeln A7

) OE
A3 EE BE5ES Ho =Azk 9urb gtk 4.29Hz

JZ‘.

O_u

> ﬂllo

g J

65



2x|S5A 2

=

ro
I?

3| =& 2012, Vol. 22, No. 1

SSVEP A=rad-e 19 79] (b)ollAl<} 2Zo] 10Hzth<] o
S Hurt A g43ES & & ok 7THze SSVEP A}
SHE-e 198 79 (o)At el 13HzHY & ¥t
FUez aA EAsES & Uk 53], OuEdA
74 A, 3 HA session -+ HA sessiond] F4 A
Atole] zfol7} i om okow =2 gy} v
RETAAE BTN o= A 19 45 OHde] ¢
£2 SSVEPE AAvha 43 4 2k

1000
900
800 -\

\
700
\

500 Al \
00 A~ NI &
o I A
200 -
100 +

7Y
g
N

= Green_T1(S.D) [CJGreen_T2(S.D) [ Pink_T1(S.D)

N Pink_T1(S.D)

——Green_T1(mean) === Green_T2(mean) = Pink_T1(mean) === Pink_T1(mean)

(a) A=F94 = 1Hz

‘v[’/'\ i'f,‘\‘.'
. .
SR AACA, S
AT P LN N
i m
10 15 20 25 29
Hz

mmm Green_T1(S.D)

TIGreen_T2(S.D) W Pink_T1(5.D) I Pink_T1(S.D)

——Green_T1(mean) === Green_T2(mean) -—— Pink_T1(mean) === Pink_T1(mean)

(b) A=354 = 4.29Hz

1000
900
800
700

500 - - s ,\\

w AN N

vz ~ M N, 44 T LTSN
200 - S - =
100 - ¥

0

0 5 10 15 20 25 29
Hz

= Green_T1(5.0)  [1Green_T2(S.D) W Pink_T1(S.D) I Pink_T1(S.D)

=——Green_T1(mean) === Green_T2(mean) = Pink_T1(mean) === Pink_T1(mean)
(c) A=3ta = THz

19 7. SSVEP 714 EEG SAAE-9d4} 1
Fig. 7 SSVEP-based EEG Measurement Experiment-Subject 1

whd, 1%] 89 Al 2% THzol Ab=sidel] o8-k
Hoprp 24 2443t Hdoh A @A 2= THzell A 933k 1
o ZF-Ett 12Hzw o] H 97} =7 243 =90k @Y
o] A= 18Hz o] = vt $ =7 yebstt 429Hz
of A= |el A= Ol theiA 8Hze 15HzTH ] 9}

66

7b 2/ #stEit gEdas T ASFEs 2F O
HHo] e FFHAE HJYoW, A WHA sessiond F
WA sessionl] Aol Apol= #ghth 5Hz olgh= ¥
AF 13} o] it =2 Wit FEAE GEith
AHL A A=) ASFaigrel Aide] et
7l wadew e un 1Y (M ®) T
o] A5FakrE 12Hz9] 75l vla) H 9 Fargro] 43
Al Zglol wokem, 3 WAl sessiond} F WA ses-
sion FAF ol Aolo} HEAAE AA FAFHUCE A
A ggA M e O SHzol o] Fok8 ARgshe
Zo] Frhal ddbEnh SHzolstllA e A5Faau 43
Aol aglol A FAstE o wEAAE Eob W7t
itk @A sty Faker e gAY @R
@Al & ojEA oA HuE ko m PAsgith

1000
200
800
700
600
500
AN
400 !
300 N =
500 SNBSS ARG Do AN
20 1 T e e A S e
0 Al ot o o e e
0

5 10 15 20 25 29
Hz

. Green_T1(S.D) [CGreen_T2(S.D) I Pink_T1(S.D) [ Pink_T1(S.D)

——Green_T1(mean) === Green_T2(mean) =——Pink_T1(mean) === Pink_T1(mean)

(@) AA=F3 = 1Hz

AN . %

et 1l 15
A
0 5 10 15 20 25 29
Hz

mmm Green_T1(SD)  [Green_T2(SD) WM Pink_T1(S.D) I Pink_T1(S.D)

——Green_T1(mean) =---Green_T2(mean) = Pink_T1(mean) === Pink_T1(mean)

(b) A=F3F = 4.29Hz

300

100

. Green_T1(S.D) [CIGreen_T2(S.D) N Pink_T1(S.D)

I Pink_T1(S5.D)

——Green_T1(mean) ===Green_T2(mean) =—Pink_T1(mean) === Pink_T1(mean)

(c) A=F34 = 429Hz
19 8. SSVEP 714t EEG A2 -9 A} 2
Fig. 8 SSVEP-based EEG Measurement Experiment-Subject 2



A5EE sk 244 5 9
4. A= 9 sF TE
B RS QAR E AFvAR g AT

Hele v Ae] BA F M nkE ZHFOo=M, SSVEP 7]

whe] wr} WgAo] HL BOI 84 Alsw ANe 9% a
N % ATE SRS DY AR Gge AR ol

7 = P2
R edsl g ool B ohid} B4} 2 ol
= 3 3L

% oH A?ﬂx}iTH SSVEP
TR RE 4 dEoAl
A L o E % 1 | g AES st 1 A9E
A3 Ao Hasto M A5uEd ﬂ%%ﬂ% =) 2}
g AR 3t Ao g BRI dTE FaE

ofstl, BF AolA olsh 2e g G el

it}

0

Ao
o

[1] L. Xia, C.-C. Chen, and J. K. Aggarwal, "Human
Detection Using Depth Information by Kinect”,
International Workshop on Human Activity
Understanding from 3D Data in conjunction
with CVPR (HAUS3D), Colorado Springs, CO,
June 2011.

[2] Bt Zel =235, “BCI(Brain Computer
Interface) 71€ &, #37]=(CT) Y52 EE,
no. 12, pp. 3-6, 2011. 03.

[3]1 A&, “¥-H3FE e o] =(BCD 7«
T HAEETE4], vol. 26, no.
123-133, 2011. 10.

[4] M. Thulasidas, C. Guan, "Optimization of BCI
speller based on P300 potential,” Proc. 27th
Annual Conference, IEEE Engineering in
Medicine and Biology, pp. 5396-5399, 2005.

[5] E. Donchin, K. M. Spencer, and R. Wijesinghe,
"The mental prosthesis: Assessing the speed of
a P300-based brain-computer interface,” IEEE
Trans. Rehabil. Eng., vol. 8, no. 1, pp. 174-179,

June 2000

6] %3], &5, A, 33, 1
NASAAS e A ARG A
Al2="” ] Biomed, Eng Res., vol. 31, pp.
359-364, Oct. 2010.

[71 Paul S. Hammom and Virginia R. de Sa,
"Preprocessing and  Meta-Classification  for
Brain—-Computer Interface,” IEEE transaction on
biomedical engineering, vol. 54, no. 3, march
2007.

[8] P. Comon, Independent component analysis, A
new concept, Signal Processing, vol. 36, no. 3,

% A

5 pp.

o§
o
S
ot oxt
ox
[pLu)

i
o

|23t Mirror Neuron System 7| gF BCl A|AE J| gt

pp. 11-20, 1994.

[9] G. Pfurscheller and C. Neuper, “Motor imagery
and direct brain-computer communication,” Proc.
IEEE, vol. 89, pp. 1123-1134, July 2001.

[10] W. Penny, S.Roberts and M. Stokes, “Imagined
hand movements identified from the EEG
mu-thythm,” Dept. Elect. Eng.  Imperial
College, London, U.K., Tech, Rep. 1998.

[11] C.Anderson, E.Stolz, and S. Shamsunder,
“Discriminating mental tasks using EEG repre-
sented by AR models,” Proc. IEEE Engineering
in Medicine an Biology Annu. Conf. Sept. 1995.

[12] A. Shlogl, G. Pfurtscheller, and B. Schack,
“Single-trial EEG analysis using an adaptive
autoregreesive model,” Proc, 4th Int, Symp
Central Nervous Monitoringm, Sept. 1996.

[13] S. Roberts, W.Penny and I, Rezek, “Temporal
and spatial complexity measures for EEG-based
brain-computer interfacing,” Med Biol Eng,
compput, vol. 37, no. 1, pp. 93-99, 1998.

[14] N. Yamawaki, C. Wilke, Z. Lu, and B. He, “An
enhanced time-frequency approach for mlotor
imagery classification” IEEE Trans. Neural
Syst, Rehabil, Eng. vol. 14, pp. 250-254, 2006.

[15] o], 132, AAR, “BAIdaAdFITHd9E
olgg my WA A=¥) Proc KIIS Fall
Conference 2011, vol. 21, no. 2, pp. 19-20, 2011.

PSP |

0| A+ (SangKyung Lee)
2010 : Ml oigtal dAx}Esta) FEkAt
2010 ~&A - FSoa g

AR Fe Aar A

TAlEoF : Robot for the disabled, Brain-Computer
Interface, Intention Recognition, Intelligent
System &

2= (Jun-Yeup Kim)

2012 - Sl WA ER et
2012 ~ @A @ Fgoista gEgd

-~ Z Z —T’—z‘sl—

g A 7)-g-sHE

v EREE

I

#AAEoF : Brain-Computer Interface  System, Particle
Swarm Optimization, Neuro- Robotics &

67



=X| 2012, Vol. 22, No. 1

o
Hl
Ral
or
>
|>
o
1o
o
rr

8t =0l (Seung-Min Park)

20109 @ Tt A7) FEAl

2010 ~ AA © Fddistn gighyd
AR 7] a5
AlehabE kA

B4k : Brain-Computer Interface, Intention Recognition
Soft Computing 5

&2 (Kwang-Eun Ko)

2007 © Fulstar AR TR T}
2007 ~ A TSN g
A7) B
EEAE SRR
A2 Rok : Multi-Agent Robotic Systems (MARS),
Machine Learning, Context Awareness,

Emotion Recognition Systems &

68

A7 2 (Kwee-Bo Sim)
1990d : The University of Tokyo

AAgets ek
[A1218 A6z (2011 129%) #=x]

1991 ~ A - FSHStn A ek uee

3]
20061 ~ 2007 @ @A 5 A wlstE] 87

E-mail :kbsim@cau.ac.kr
Homepage URL : http://alife.cau.ac.kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


