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(4) 49 A

ARRIES A3, 2= AlF, Asa 59 FH oA AYEAT. 2 FollA AejolHA A7t glaL, el
Qs Azt dojA AAA R ARl gidS Fetd ¢ e AERE ALt ARRIES BT 800X600
A 7|5 SFoen, BF XEAS o8ste BA ANE 71 F ARREHUAT. B, ARKEY Ha W
715 114 wx}(Fixation Cross)®t @FolAx ARxl 8f7]e] o)gk =& FH A3ttt

(5) "oy 4

1. 1z A8 9 &, At FuE =Avn 933 A5E(response stimuli)¥ H]-§H A=E(null-
response stimuli)< Z+zF A=+ AA] AJA 0 ms)FE 320 ms7FA A (summation) S T8te], ZF 9@ =] ¥ w9
=4 Qg Fo HA & E27)(ventricular effective refractory period; VERP) Z#|ZE THTHE 2

2. 93 A=+E(response stimuli)} H]-5% A=+E(null-response stimuli) ¢ w ¥ u}e] folE A2 o
2 wwslr] $13, B+ VERP(averaged VERP) Z1&|3Zo|A Azt &A= AA] F 0~50 ms, 50~100 ms, 100~150 ms,
250~300 ms A|ZtelE FHar, 0~50ms<F 100~150msell A1 8] 3k 2 4=gkv} 50~100ms 2k 250~300msol A o] s} o gk
< TE.

S8k x=E(response stimuli)® B]-S% A=E(null-response stimuli)® A A|Zkthol Mol Hdl/H 4
Z(amplitude) F ZfolE Wty I FolA, 250~300 ms Aol S5

3y ZHojgko]l vl-&H A=FE (null-response stimuli)d w] T}, 692 3Ex}
v Ads A9 s,

3. 29l BALS T AAHE AdolA, $HS A=FE S
44~83 ms9} 94~186ms A1 HF-(amplitude) A3k
gl 5U Az A Z(amplitude) FAFk}e] 2o]E H

260~309ms A1t 5538 A=E(response stimuli)e] FFH(amplitude) Huojgkdh 2 WA A|ZHS F3 &
94~186 ms AlZtAe] Ha# wlwste] AZE(amplitude) S7FFS F3tch, wp7iA =, 22 AIZkde] v+
AF=E (null-response stimuli) & FX|(amplitude value)?l J7F HS Fsted, vle® AFE(null-
response stimuli)®] ZF(amplitude) T7FFel et 53 2A5E(response stimuli)olA12] Z1Z(amplitude)
7S ek S7FSo] g AR HA Aol A FUFE PRt & Ad(channel) S of & A
o] d(Application)® A& gt H3 54 Ad(channel) 2 HATTHE 3).

gk 2= E (response stimuli)<]
SoAA BEHOZ o IA U

VERP(response stimuli averaged VERP) —Ljj3Z2]
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(6) 2d4x
12 A&S A3 A3, dA A7 ZA=(visual stimulus) =, JFAEC] Tr|E Ao 3k Az 2=+

(visual stimuli)®] = 3% 13 2},
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HAHAES F 22478 Az
S =AM YA Ha A
A Al A= FdPAEC] FHE =YL SHE A= (response stimuli)Z} H]-&H A= (null-response
stimuli) O & U} 182150 g8 Ht VERP(averaged VERP) | ZE 23 o] & H
WIATHE 4).

=, AAIE 2870 HE ZAIE 104707hA1 2] A1z} A= (visual stimulus)ol] tiaf] €w]
%

M
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o
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A
<l

<53 A} (response stimuli)® B A= (null-response stimuli) 7+e] HZE 4=2] Z}o](amplitude value
difference)S AFH o=z uwslr] 93, W VERP(averaged VERP) 1322 0~50 ms, 50~100 ms, 100~150
ms, 250~300ms AlZFHel A9 Ho] = HA JE S=X|(amplitude value)E TF3FH . o] kS o] &3], 7L
A, 5L AT 23 A= (response stimuli)™ BT A= (null-response stimuli)®] X% 4=3

Z}o] (amplitude value difference)E H|A}IATHE 5).

e BAS B, gy A9 250~300 ms AlZF), = P300olH Fw 2 Azt A} (response stimuli)
BekSs w 2% &8 AlZb 2= (Null-response stimuli)S 2 o] 2o} 2 JZ(amplitude)d a7} LA}
= AE AT = A, FF H-AFE AE o] ~(Brain-Computer Interface; BCI)2] Al=He 93, oleig
Aol HA 699 APAEANA TEHoE dAsE AdS BT

A = (250~300 msoll Aol 9 A= o) AZE: 4=%])-(250~300 msoll A Q] ¥ A= Ho IAZF $=3]) > 0

24 A, 6o Ao A 42 2 AAEE &= 12719 23 Egto]A(trial) T, 1071 o)Al Egle|d
(trial)ollA] $H3 A= (response stimuli)ol] el B]-SH A= (null-response stimuli)¥ ©wj BT} I A=
(amplitude)®] =37} W43k 870 A2 (C4, TPS, T8, FI8, TP7, FCZ, F8, FI7)< AdHa] A 4 ddrt.

< ¥ 2 > 250~300 msoll A9 B]-$H A= (null-response stimuli) HT} 93+ XF=+(response stimuli)®] 3}
7F A st gy Egtold 34

i Cd TP8 T8 FT8 THF FCZ 8 FT7

A/

A 10/12 11/12 = 10/12 10/12 10/12 10/12 10/12
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e BAHL Fa AAE AdEe] $HI A (response stimuli)e] H+ VERP(averaged VERP)Ol A, 44~83 ms
o} 94~186ms AlZte] ZZ(amplitude) FHAFES T3t SHe A= (response stimuli)d wje] L Azt
ZZ(amplitude) FHAgkate] 2po]Z wlmwalth. H3F, 260~309ms AlZFle] 853k 2= (response stimuli)?]
HZ(amplitude) HHZL(P300)3} =2 A ANzZFE P, 728 A1zt u]$w &=(null-response stimuli)2
ZZ (amplitude) S TFato], ZHz; 94~186 ms AU HAzto 2 HE Y] A Z(amplitude) Z7FEe] o] & H]
WIATHE 7

o] &g Aol d(Application) FAE Ad A4S fs8], 7 NG HZ 94~186 ms AlZHe] FHAgkoll A 260~309 ms
A1z el o gh(P300) .29 H|-e 2= (null-response stimuli)®] ZZ(amplitude) F7Fkd} 93 ==
(response stimuli)®] ZlF(amplitude) S7Hts w®lwste], SHg A=(response stimuli)¥d wl %
(amplitude)?] F7} 37} HI&ES FdY. I 4, A E2 $93 A= (response stimuli)¥d H--9] =
(amplitude) 37} Z71go] g Aoy e Hd Z71gRt T4 HAsE 238 Eflo|d(Trial)e A4S =435}
ATHE 3).

< ¥ 3> °]$Y A= (null-response stimuli)e] XZ(amplitude) E7FFel] 3+ @3+ A= (response
stimuli)®] M Z(amplitude) 57} S7H&e] B AL H S7H& By =24 24 Egfo]d(Trial)e] 3

A C4 TP8 T8 FT8 | TP7 | FCZ | F8 FT7
S
AA | 7/12 | 8/12 | 8/12 | §/12 | 6/12 | 7/12 | T/12 | B/12
Ectol2

99 AxE E3), Egtold(Trial)9 347 718 AL 319 371 AD(FI8, TP7, FI7)<S Ad XAAAA A9 s
wouelA 57 AE(Cs, P8, 18, FCZ, F8)e] Eeheld(Trial) ¥ SH& A= (response stimli)olAel B
AZ(amplitude) F7HES Basl.

< ¥ 4 >C4, TP8, T8, FCZ, F82] Eg}o]d(Trial) ¥ 93 x=(response stimuli)oAe] Ht
ZZ(amplitude) Z7F&

g C4 TP8 T8 FCZ F3
B Z7He 24.88% 28.3% 27.93% 20.7% 22.8212%

=
ol

O A, Wi F7FEo] 24.88% o)Akl C4, TP, T8L olZg Ao (Application) AZL 93 i =4 A4
(channel) & XA sAHE 8).

ZF A4 37 Ade Edo]d(Trial) ¥ & (amplitude) T7H:2 U3 Zo(E
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< ¥ 5>C4, TP8, T8¢ E}old(Trial) M XZE(amplitude) Z7}&

ugs 51 52 53 4 S5 S6

Ch\Trial | 1 | 2 1 2 1 2 1 2 1 2 1 2
C4(%) | 23.7 | 356 | 11.99 | 16.13 | 21.37 | 20.58 | 28.05 | 19.79 | 474 | 32.16 | 27.8% | 31.6%
TP8(%) | 32.5 | 33.9 [ 20.98 | 30.87 | 20.26 | 19.35 | 35.5 | 25.32 | 38.81 [ 37.46 | 33.3% | 39.6%
T8(%) [ 40.7 | 17.3 | 2043 | 31.26 | 15.28 | 25.88 | 39.54 | 27.56 | 34.71 | 33.96 | 42.2% | 34.2%

A€ 378 AHE(C4, TP8, T8)oll A HoIzl Ht VERP(averaged VERP)®] sHE12 = 99} Zr}.

4 Ass BEUR do TR AZATS BYS w 2AsE 53 HaE (4, TPS, T8olA #AE=,

VERPE =43k, 94~186 ms A|ZFie] FH Akl A 260~309 ms A|ZFe] Hizk, = P3002. 29 ZE(amplitude)
710l v A= (null-response stimuli) & wo] H F7F & K} 24.88% o] & 3} =& Aot}
= 10).

<A 2> A FV) YA AwAF AL 2 7R

(D) AZF Aol gk S &4 dae]s A

Azt 2= AN F, 50msol A 100ms 2 2] ¥ ube] WZ(amplitude) F7HF2F 100msoll 4] 150ms o 29| u} [Z
(amplitude) #AA% I8l 93 Z}:L(response stlmull) d o vl-§g A= (null- response stimuli) ¥
9] 90ms~186ms AlZkeHe] 3} FHAFhol A 260~309ms Aol 3t High(P300) 2] HZ(amplitude) 2
7%%%?%@%&ﬂa@,%@*V%ﬂ%ﬂt%H@%ﬂﬂ*?%%:ﬁ%gth%¢°“‘SN“EM‘EH
o] (single-trial) <1 ¥x] dugF & MEstGc. dudlE&ELS Visual CH 6.0 o] 831 T oY,
dugFe] 2 A= v 7

1. H9 &4 d=ZZ5 ZF3 S0t Y3 dHolHE Aoz wold TE ¥JEES Wld dHolH=E
W ghaio

2. 747Fe] ERIES A= AAL F 50mse] gholet 7HA & shal, 1 EQIERRE of S0ms ] EQIE Fle vlal
stef ko] ZF(amplitude)ol L7 gk ol T7het Zls SRIGT. of Feo] T5H A, o] EIE]
A oF S0ms F-of EIESH B AVIRAFH oF Soms o EAES] e wlastel 1 oghel dA kol A

ol

o}
= o, o] d¥FS FAJMNE BkES ofvsh= VERPE}F 7HE 7T

3. VERPO] HAS s dHE= Al A=) AA RS o&sto], M Ikebdt VERPZF Ab= AL AR ol A
500ms olthell TSRS W, olAE T Al Aoz s LAAZE VERPF S dT.

B 94~186ms AlZtd]e] FHAgkel A 260~309ms Al 7F

4 A7 A o3 VERPZE B4 EE, A A4 Agow
%(a Fe vlwstel, 94 @ oF IS W, olF AP

1] FHogk(P300) 2. 29 ¥ AZE(amplitude)®] S7F
AR g8l SuE =4t o]t

5 H«] 1743 %é,\]ﬁ% u}], ARG Aogts w2k A5 E tAe 7hegt RE(Digital Camera Module)ol #
1 AQER olsdte] 99 AA& et

vl gxlo| whe} VERP W3} A -3 WZE(amplitude)d] S7H/ 74 &) W3k, P3002] 24 AlZtak 2 Z (amplitude)

71 ol BT g2}, uliol, Ald Egto]d(Test trial)S Fal w3 wist 9 4 Ald, ®st 5 99

Aol wet Gy AAES 3 Fojof  AgollA Aljtet dawFe] FEet F4o] 7hsslitt.

(2) o= A o)A (Application) A&t

A A FE olgste] 2ol FHHE 7, ANE Ao BB 24§ Absd Fud UAY Ave
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BEo HEste TvE =7 FUHES Aroz #AG3eE ANA ovA H-FAFE <IEF o]~ (Personal Imaging
Brain-Computer Interface)& #|&s}ich. & wrgo A A ztet o ZE|Alo]de] T8-S 93l Pentium 4 3.00GHz
ER A9 1.56B RAMS] HFFEI7F AREE 1o, LAXTHAS] QEEG-8o]&h= 8A1Y QLS AM83te] HuE 543}
St duElFe FHo] FXHUS W, ARS Hogles A5 E BUle F4 84153+ Comfile Technology Ab
9] ACODE300 EF%F RS (Bluetooth Module)®} <lE]#lo]» W E(Interface Board)E ©o]&3le] FaEAL)
w3k, Aot AGEHAS W shEE 21717 91 A A= TNSARS] “TMS320F2808 PZ S’ DSPE ©] 833
ok mrRgo g ARE ZFgstE gAY JhdEt EEDigital Camera Module)S A7 txg ghdgk(Jelly
Digital Camera)@hi= AIFS AMESAATH o] FhdlEh= VGAR 640 X 480 Ao A& 24-bit color®2 #HJe
F don, 0.5mPE FIRE A ZH(fixed focus)S Zta Jvd. B3I ARNEL USB AolES E8 AF

B2 dEate] glshA duk (= 11).

(3) A% Hl2=E(Performance Test)

B odhdo A 3k sl olm| R H-FAFE <lE H o] ~(Personal Imaging Brain-Computer Interface)? Al %=

-
(¢}
= dotslr] Y8 Als El~E(Performance Test)ES =33},

(4) dA=

5 1099 AFE 2BEto] PR 0(5:5); (o] 19-274)1F hPoE AAS A BE dHR
=& e ol dhels Zta dgleon, 3, A Wl AlEa, AAl o] gl KAIST IRBO] |3l
et ZE Al AN dY soME vkt

(5) 3 =4

=(sampling frequency): 256 Hz, ZE|*X= 0.6 Hz ~ 46 Hz(-3dB) 2] W=~ (bandpass)”} %8 %A},

(6) ¥ A=

A7 AgolA ] A4 AFES JIHYS Sl AAEJeH, AoldA St AA AL, AHRH o R
BaetA FAAE AAT F dE AER AAHAT. o] AHELS w9 fALE FHixgsr] Hd BE
640X480 A Afo]=g WgtElom, X ENF BAS AT B, 13 AP VAR ARKES 14wt
(Fixation Cross)e] ¥7] 24& 3t w9 A= &t

(7) A3 49

APA5l A A, AMAE, HAAAE, oNsbsE, UFE, A, AA, A T S ARNES BT
Ack. g W] AY Egold(Trial) S F 3979 ARKle® olfojxlow 3PS 6719 A Etold
(Tria)S B3 & 234749 AE He 2oz Afe] JIPHJT. 2 AP He= 139 dF Eftold
(Trial)o] M=o} AR A& Egr). 2H7he] ARELS 233 Below, AR AR Abolo] & 24
S FHA3e7] 93 A wAH(Fixation Cross)7F 2%37F A= AT,

AgAE0] oj" Alxle] Vil HIE W, +H =

Fub b @ W d w3 Ae A Fof
al

(response pad)?] HES thA] B A8 ARzl theo] o= 1

7| = =
=] (e} pa—. -
EANS 2 F, 994t TR S9e RS A4 FwA dneFel BAE ANg wastn, A

B Azge] A% AFshshe] o,

(8) 2% 23
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TR daelel A kel did F 10 AdApE g4

i)
i)
rlr

|
()]
_\3
i
O

= Pt 5A 42 3
A Ado] SojFCtn BA st AR
01 53.91%  (69/128)
02 56.67%  (17/30)
03 34.04%  (16/47)
04 39.34%  (24/61)
05 40.68%  (24/59)
06 41.18%  (21/51)
07 37.25%  (19/51)
08 51.22%  (21/41)
09 30%  (9/30)
10 51.28%  (20/39)
4 HA 44.69% (240/537)
dEE

Qe W A%, NFAES QA 24099 AR FAA 04339 ARl del FUE =Aa $RAAG. F
H g aeEe A4 234089 ANE F F 5378 A sl WA B AT eAsgen,
o] % 2409 Alol AA MFAL FUIETE S Alolgltt, AUE Axwe] Ful B4 4FEE /1Y

2 5o B

AL 53.91%0)9 oM, b e Ao 30%2 AMAAE 9 T 4 et AA 10 FFA}
185 44.69%%2 UEFSTH

aejolg 15y

2 e HiE o] &3slo] AREAZE B A7 A=e dlEd SE =ASS APAeR gofeta, ol e
St AAvES XWHsle] 7]1E3= 7R o|n| x| H-FHFE SlE V%&am%@mMm‘mmdmm;MUQ 7ol
gk Aolth. 7EoE VIEERI U] #ES Fotetr] fa AN HdEE, g/wE Aok ¥, A%
whs, e W3, Abge] A9 T FHAA S Fetsld TvE =4S 740]‘3]' fraget. sk, 2o
He Clzte] B Azt 2= tie] EujE =S ul, P300 IFE F7]9] zlo|rt MAFTE AL Felstal o]
E AN gAEtE GagSs Mg 2, Qe AR AR TH wEE BX st TvE =71 WEe &3
< wobst F= Qduh. wWiFe FuE =7 unks sty Vs EH4, A HF 59 F7F A gl d
olElE HlE &3 o vt wEbA ATk HAHAA v 9hgS dobste] &3k, dHolHe €857 52
glo]x-2 T (Life-log) AlZ=RE Jde] &2 Utk

[

o
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EH e 49
£ 1& FviaFe da w9 54 A9 A4a] 98 A9ede vehad,

X 25 93 A=E(response stimuli)¥ H]-EH A=E(null-response stimuli)e] AP ¥H o] FHuf/F
25k v EEE YERdT

& 32 AAE AdolMe Hut HAag(A) R SUHE HaB) NdEsE Hebd

X 4= $93F AFE(response stimuli)d B A== (null-response stimuli)olAe] xEE A F75 =
$7](ventricular effective refractory period; VERP)ES M| 3 ZajZolth(a &} 1, Edfold 1).

= 593 A=FE(response stimuli)¥} H]-&H A=S(null-response stimuli)e] A|ZFE ZHof/F
FA| Zpolg Hlagk aFfzo|H(I PRl 1, EFold 1).

% 62 250~300 msollA], 10 Eg}e]d(trial) ©]% H]-&H A=E(null-response stimuli) Ro @3 A5
(response stimuli)®] ¥ 37} IA HAZ A2 X (location)E HEFATE.

= 78 ¥$Y AF/$H A= (null-response/response)d] 44~83 ms, 94~186ms A|ZFtHe] ZZE(amplitude) 2}o]
¢} 94~186msol A 260~309 msC.E o] HE(amplitude) =7} o] x}o]E w3t g Zojth(ydAF 1, T1).

= 82 AT e Adel AA(location)& Hebdtt

T 9t AAE Adelr] ®olx VERP jElS eI

= 102 P8 AdelA el gr] A=l tis) BAEE 54 Wi oAE vehdti(I @A 1/ Edte] A ).
= 112 oj=d7leld Nd=s vekdn.

P>
)
1

BUTTON
CLICK!

|

s00ms 2000ms 500ms 2000ms 500ms
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