QWY e} Az R slel ]uet

QWERTY AENL S A expr] A|AH &



QWY e} Az R slel ]uet

QWERTY AENL S A expr] A|AH &

2011d 12¢ <



Al /\]._,4 9] 2l
Al € d
Al € d

2011d 12¢ <



o] A %

q
o =AY A GA=
ol WAFAY vaz

=

=

L vpAl ool A

sz U,

S

2

A
QS

2 FHA

o
A=

ral

B

B

)

=}

1

°
=l

AT} 7Fo)® npmal 9lEFoE B

AL FAPEH Y

ofpy

A

APER Y

1

&

oA =

=

4 47

A

379 B A el b AT

has

|

A

3

a-

W
N

p—

el

s

Zoghd 49 (FEE 27tR),

B

—_
file)

il

==
fLS

3

o



oo} A1 Fs A4 Micro/Nano Al

A g olop|E Y

B <A ~ T ool up o
— B N o
m = ,Lmlll_ AL dl; N T — WU
T T OB o T e
5 @ = o PR =
O™ g = CL =
X N
ﬂv. w ww.m o o ] o
T ° oA W m M
g o 0| ol uh ol
oM CR
Hog = T oo :
T EE oﬁu WI ~, )
oo W 0 0 e
—_ = =y }w
T @ o ° b
CUINSY W 7o ) nA_I
7 2 e fn
= W R o D
A il ol iy Oﬂ
S T oy e o B <H
OBy RN =)
N o ° &.o 8o :.L o 5 X
= N =~ il 3
R S - ook W %
£ T e -
e S, 7o sy = B a3
2 =
= S o 7o) mﬂ AT
ok [l o X
o —~ ald T
;o © X & Y%
T i G G
=R = el K o ° o Miwm
po B HL Aﬁ o A- iy oy
R - N
X plo . < No o [ N
e N ~ T
™o A ARz X T N T



11]172} /\1% ................................................................................................................................. 1
x—"gxol- Hc}bg ................................................................................................................................. 5
2.1 TR T ALE] BEZ] e 5
2.2 Visual Scanning time Z7 woeerrrmii s 6
2.3 AR EFRFZ] A AED A ZF 8
2.3.1. AANA EFAT] A ZE e s ]
2.3.2. ZFHFO] ZETEZE T EL ot 12
2.4 AAA EFRF7] A ZSED ZIZ5 13
D.4.1. L IEBFO] AT e 13
2.4.2. QIETFO] FLAT 13
2.4.3. FFO] AT e 14
FUBTF ZATF evereersemsseessenset s 18
3.1 Visual SCANNING LI «wereeereeersressmesstessieisi i e 18
3.2 AAXNZA EFRF7] A AE ZAZ AT 19
3.2.1. LI FO] AT T o 19
3.2.2. PO AT Z T} e 23
FUATF TLZE ettt s 29
4.1 QWERTY 7]55 t‘gﬂ]g/] TTE_L;(]’ }j].]j] ........................................................................ 29
42 Vlsual Scanning tlmeﬂl— }\] 01:7_]'"0/] 3;7,_]_-74] .................................................................. 29
4.3 ZETFEE ATEL e 30
4.4 AAZ BFRFTZ] A IS e 31
FUSTF ZAE oerereersseriseet et s 33
;g-jl T,‘z_z:si ................................................................................................................................... 35



[
jale)

S S N
i g g o g g g g g g

[
jal)

21 international 10—20 Systel’l’l .......................................................................... 5
2.2 visual scanning times F743}7] & AFE3E A} BIR] = e 7
2.3 B Ao A AQHE QWERTY 2EFQO] Bxb HJX| coeeeeeerrrssssssssssssssssssssnns 9
2.4 ANZA EFR}7] A AEL] F]H T (A H) oo 10
2.5 LED A9 AWE ()9} TR () oo 10
0.6 LED ZAEZE] corrreeeeeesesssssssssssssssssssssssssssssssssssssssssssssss s sessssssssssssssssssssssssssssssssnns 11
2.7 S1 F] ALY ZHEFQ] ZEThgm HJ X ID e 16
2.8 ©FFQl ABIO] BF AT covvvvvvensssensseseeenss s 17
0.9 AAE AIZEIS] ] HT oot 17
3.1 F B2 vl o] th3h visual SCANNING HIme wssreessremssermssmemmisereisenneinans 18
3.2 F Aok Ztol Mo HA o A= £FE HolHE 1~10%9 AV|E Lo
H1, H1+H22 &% WEE A}E5lo] BEFaE AT o 29

=
3.3 S1 MAAT} 56129 FAFw Pl 4B AFE $ARE o)

diojgle] BA F£71e] F7]o] w2 SSVEP HFE W3} o 29



ke

o

54

3.1 @=2kel H¥xte] RE Aok

73} 2=

ZelA 10x%

do]e S H1+H2

B2 WEZ AFLE] BETF Z T e

3.2(a) S1 9= gl Ay

3.2(b) S1

3.2(c) S1 9¥A9 a9l
3.2(a) S1 YA 24l

3.2(b) S1

ol

@ ae] 2wl

i

o
0¥ g% g o

9@t eetal

i
e

dlolg AHE)

glolel Abg)

= HlolE ARE)
= HolE ARE)

= dlole] AHg)



A
4
ko
12

AR AAE] Al FE A el 7]HEst
QWERTY A8 e F413 galr| A|lA" T3

W —-HAFE (1A) AdE o]~ (brain—computer interface: BCD & HAIZGAZ
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2.1 A@x 9 4g &7

BE AEE Bgo] HiE A4 o] Hglow, EEG HE-AY 54
Al2~¥l (WEEG—32, Laxtha Inc., W3, =) & AHg-3ste] EEGE S48t &
AN A A Ao WHEske HoE S S8 29 219 2
= Al 10—-20 Al 2"lel At Al 7He] A=(0z, 01, 02)& AREs3la, dHd
A AFE 225 A A, 2w s A5 45 7] Fel FASth EEG: 51

29 BEY Fhez SPHYOH, FEE THl v
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)FP1 ‘Fpg_\

1% 2.1 international 10—20 system (£3*]: www.brainmaster.com)



2.2 Visual scanning time =73

A AT Asw Ao A B Aelx Ak QWERTY ~Ead] &

A el AT AsHe FAS RS W A2 39 Jue B4 Adud &

= 77 A7 e FHE T4 widelA woE 3 S e AYs s
Aok o] wf AREE 15709 o] woles &ukdl ARY Z7bA] o] HIEF
o] Hlom, 7 AFApE A vidrttt 54 € visual scanning time A¥E t—
Ade ol&sto] A FA5kAH
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2.3 AXNA elx}7] A|AH A2

2.3.1. AN BA] AL

AR A EpAp7] AIAEL 30719 Exprh wledEE by RE, 72 Ezpepc
t&¥i 30719 LED A9, LED Ade) Zviel F358 A4S

FAol Hrh WA, AHEAIE E2Estux st BEAE A 2S5 Y
QWERTY 7|RE A ¥} v]528k £2 wjde] 7R =rE AA =ik 1 2
2 Alxdel AFSE QWERTY At &2 wlde] 85 thojojasior AR

279 26709 ol LI A7l B4 BR( MlAsels | CRER dl
B, aslelx )8 EFE 30719 BAV ASHAT 7 du w5 e

ocm, A% 2em® AAFZE RoFo] 7] Qo] wjdo] E o, 479 E4 Ex= E
A7) 9} ekupul 71 €]

Fo]|Z RAalo] LED Mdo] AHA 0T HolA &3 FAlo] LEDS ¥& =
StA AT HEAOE EMAV|E REE] et & 7] BYoE AAE E oE
T3 9 OHP H&5& F Adwbe] F-Fste] a9 2.49F o] gxpr] 7|HEE A&
sH T

LED A2 ddS golsiA 7] 8] A&e PCBH(7FE1.6cm, MZ 2cm)
of 4719 H¥]l-F 13|% LED(Part Number: DG—-82A83C—-001 —5/S —3; 4t



Fd A A fl= A Be FA)E dHeke] AAE gl & 30709 LED A
2 I

P lel LED Ade di(3) e iy

ofy
‘
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AZs LED AEEHoltf. HEEZ#E  ‘code composer studio v4 core
edition(Texas Instruments Inc.)’ TZI1:o g FFo] Hw, o] ul Z+ 307|
LED Ao #Addd Fyg 44 @ ¢ s 229 sgivh LED Ad
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LEDS] #urq) FutrE A9d go= ¥ 7FA] wgsof & Apgo] gy, 41
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ol W= & 50709 AUl Fukel A Z; iQlnttk SSVEP Rbe= sl =
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2.4.1. 227l Ad

F 599 FAPAE exEl Ao Fogon, FAo|ote] AFA ghol o]
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# 3.2(a) S1 VA9 22kl A9 A3 (5% dHlolE AR

P

ol
=449 A3 ke N S F N

WOMEN WU<P<—OMEM<N 8/11
DESK DESQ<K 5/6
WATER WATER 5/5
HAND HAND 4/4
MEMORY L<L<-MEMORY 8/10
ZONE ZONE 4/4
BABY U<BAW<R<BD<Y 8/12
FACE FACE 4/4
TAXI TAXL<I 5/6
JUNE JUNE 4/4
QUICK QUICK 5/5
VIDEO VIDE_<O 6/7
GOLF GOLF 4/4
HOUR T<HOUG<R 6/8
PENCIL PY<—ENCIL 7/8
Total 83/98
Accuracy (%) 84.69
ITR (HE/D) 42.55
LPM GEAHE) 10.16
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# 3.2(b) S1 AgAE] 22l A 23 (6x HolE ARR)

P

ol
=449 A3 ke N S F N

WOMEN WOMEN 5/5
DESK DES<SK 5/6
WATER WATER 5/5
HAND HAND 4/4
MEMORY MEMORY 6/6
ZONE ZONY<E 5/6
BABY BABX<Z<Y 6/8
FACE R<FACE 5/6
TAXI TAXI 4/4
JUNE JUR<—-NE 5/6
QUICK QUICZ—M<K 7/9
VIDEO VIA<~N<-DEO 7/9
GOLF GOLG<F 5/6
HOUR HOUR 4/4
PENCIL PENM<«CZ<IL 8/10
Total 81/94
Accuracy (%) 86.17
ITR (HE/RD) 36.55
LPM GZAH) 8.62
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# 3.2(c) S1 JAA9 22kl A9 A3 (7% dolE AR

=

ol
=449 A3 ke N S F N

WOMEN WOMEN 5/5
DESK DES<SK 5/6
WATER WAG<TER 6/7
HAND HAND 4/4
MEMORY MEMORY 6/6
ZONE ZSR<—<0ONE 6/8
BABY BABY 4/4
FACE FAC<CE 5/6
TAXI TAXI 4/4
JUNE M<JUNE 5/6
QUICK QO<UICK 6/7
VIDEO VIU<-DEO 6/7
GOLF GOLF 4/4
HOUR HOUR 4/4
PENCIL PENI<CIL 7/8
Total 77/86
Accuracy (%) 89.53
ITR (HE/&D) 33.55

LPM (ZAH/3) 7.67
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# 3.3(a) S6 JAA 2kl A9 A3 (6% dHolE AR

o
B

ol
=449 A3 ke N S F N

DESK DESGR«<K 6/8
HAND HAD<S<NG<D 7/10
ZONE ZN<—-ONE 5/6
BABY BABY 4/4
FACE FACYH«—<E 6/8
TAXI TAL<XI 5/6
JUNE JUNE 4/4
GOLF GOLF 4/4
HOUR HOUR 4/4
WOMEN WOMEN 5/5
WATER WATER 5/5
QUICK QUICK 5/5
VIDEO VIDEO 5/5
MEMORY MEMORY 6/6
PENCIL PENCIM<L 7/8
Total 78/88
Accuracy (%) 88.64
ITR (WE/RD) 38.44

LPM (ZAH/3) 8.86
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# 3.3(b) S7 A el A Ay (6x HolE AR

P

ol
=449 A3 ke N S F N
DESK DN<«ESK 5/6
HAND HAND 4/4
ZONE G<ZONE 5/6
BABY BS<—-AQ<BY 6/8
FACE FACE 4/4
TAXI TAL<XI 5/6
JUNE JOA<—<UNE 6/8
GOLF GOLPOQ«<«F 6/8
HOUR A<~HOUR 5/6
WOMEN WV<OMEN 6/7
WATER WQ<—ATER 6/7
QUICK QUIZ<CK 6/7
VIDEO VIVS«<—<DEO 7/9
MEMORY MEMORY 6/6
PENCIL PEC<NCIL 7/8
Total 84/100
Accuracy (%) 84.00
ITR (HE/D) 34.95
LPM (GZAH) 8.40
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Abstract

Implementation of a QWERTY—style mental spelling system

based on steady—state visual evoked potential (SSVEP)

Lim, Jeong—Hwan
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Brain—computer interface (BCI) is a non—muscular communication
technique that allows users to communicate with the outside world using
external devices operated by only their brain activity. In the past decade,
a variety of BCI applications have been developed to improve the quality
of individuals with serious neurological disorders. In particular, the one
most widely applied to the disabled people is an electroencephalography
(EEG) — based mental speller which enables them to express their
thoughts by only gazing target characters. In the BCI spelling systems, one
of the important factors influencing the performance of the system is
visual scanning time which is the time needed to visually find the target
character. However, most of BCI studies concerning spelling systems have
only concentrated on how fast and accurately the BCI systems detect the

user’ s intention. In other words, BCI researchers have rarely considered
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the design of keyboard layout which would affect visual scanning time.

Inspired by this fact, we devised a BCI mental spelling system based on
steady—state visual evoked potential (SSVEP) adopting the QWERTY
keyboard layout that the most users are more familiar with. Both the
offline and online experiments were conducted with five and three
participants to verify the feasibility of the proposed system. From the
results of the present study, it was clearly confirmed that the users could
find target characters more quickly with the QWERTY layout than a matrix
layout, and classification accuracy was fairly high enough to implement an
online mental spelling system. The averaged online experimental results
were a typing speed of 8.63 letters per minute with a success rate of
86.27%, corresponding to an information transfer rate of 36.63 bits per
minute with size of analysis window is 6s, demonstrating the feasibility of
the proposed spelling system. It is expected that this spelling system will

be used as communication tool for disabled people.

Key words : mental spelling system, QWERTY keyboard layout, BCI, SSVEP, EEG

_40_



