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Design ofKorean eye—typing interfacesbased on multilevel input system

7352, Hojoong Kim*, ©A17, Sung—kyung Woo**, ©]AHSL- Kunwoo Lee***
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Abstract Eye—typing is one kind of human—computer interactive input system which is
implemented by location data of gaze, It is widely used as an input system for paralytics
because it does not require physical motions other than the eye movement, However,
eye—typing interface based on Korean character has not been suggested yet. Thus, this
research aims to implement the eye—typing interface optimized for Korean, To begin with,
design objectives were established based on the features of eye—typing. significant noise and
Midas touch problem, Multilevel input system was introduced to deal with noise, and an area
free from input button was applied to solve Midas touch problem, Then, two types of
eye—typing interfaces were suggested on phonological consideration of Korean where each
syllable is generated from combination of several phonemes, Named as consonant—vowel
integrated interface and separated interface, the two interfaces are designed to input Korean
in phases through grouped phonemes, Finally, evaluation procedures composed of comparative
experiments against the conventional Double—Korean keyboard interface, and analysis on flow
of gaze were conducted, As a result, newly designed interfaces showed potential to be applied
as practical tools for eye—typing.

8§]of: Eye—typing interface design, Eye—typing, Eye tracking, Korean typing interface, Multilevel
Input system

= 20169 AEtietal Sk k] Ao osto} AFE S

*2 A2} A Ltistal 7] ASE-EE: e-mail: khi2l95@snu.ackr
P} NSt 7| AR EE wAlY: e-mail: wsk0625@snuackr

BE AR Z} - AL E T 7| A ST W4 e-mail: kunwoo@snu.ackr
w50 20179 7 319 / AN 1 2017 89 179 / ARSI 1 20179 119 7

37



1. M2

Eye-typingo]gt AJA 22
HRE 7HIO 2 Y V)5S
Jzolti{1]. =519 S QIYhS o] =
AYH(ALS) ot} 2955 5o QI3 Qo
o &3t oAl HH oftee A TAEE
gog Je] 2olm giri2]

Eye-typing}e] AAS #5381 dloll oA A1 A=
Midas touch probleme]tH 3], Midas touch problemo]gt AJAlo]
ARGALE] oS SHGHA] WHIEHA] $47] whizell ek A=
Aladlo] ARGARR S A Sk ARke R of7]of] =T}
ANEAE WA 4= ¢l7] ool A¥ScH 4] Midas touch
problem©] =5 eye-typingollA $83%t o|f= mheLL; B2 )
T e 92y, & AUs @gste 39l(confirmation) 7}
R ghrolr) Hoks o2 AXNE 7Y w= A 4
A9 7hssIRRE Sl o2 AJofe et 9t nigA] ¢7) wh
of oo} Bsto] W A7} o|Fo 5]

il sfAd o= dA ARE 5QHe] 34 (fixation for
7o)

a certain dwell time),

Uebhs el 4 gl olm A Zuele
AITHT). SHAg o] 43| 743

280 $AUE 2SS =8 2 BIT IAol o
3P7) whioll9] W] Aulzh Wastchs wale] ok B
o] QFal o]tz B4o] Aol ofe] AEEAL Bk

il
¢

Seh AL ol WEe] Bed oY A S Ty o
A WES 2EA SEo] Qs AR A H o] 7155t
the Zwold WeAol Woldr olo] B QpolNs
eve-typingolA] o5 % 714 92 2ol SAJo] olat A4l A
Fdwel) & 7NHo R sk QlETo|Ag P,

5o dupHl 7)gk FA Yol o] 9ol sgdlof
o] EAJol| gk eye-typing = AA7} ofw] AAI=TH10].
7}, Metrovision AF2] Visioboard A|AEIL Wivik A}Q
on-screen 7|HEZE eye-typing ¢IE#Ho]AR S-83}cH 11].
olo] Waf g2-Z 7|REOR 3= eye-typing QIE]H o]0 ]
gk e A9 o|Fo|x]7] kot T AtollA e 7H
TS EE g T A0S 2835 A7 Igke Holtt
[12]. o}7]e)] 7HH 02 ¢J= W0 eye-typingd} F-ARSE &
Ee B2 g8 AAE A&sh= Wete AZeE 4 Sl
SEA|EE o] &2 ZEALY] 1 WhAof| digfiA= e ol HF
= WHH eve-typingoll A-§E]7]ol= FAst W
o T4 Ak A5} mgo] #e-RE UHro] uijz]Eof

+ =o' Hol BAE K= Hloll= HAskE ] 9l
SA A Bt Y S 7] = eye-typing C2A = B

Sae 2R o RS 24F Y AAe

d

38

0~9He] Moo AuS-S A3 FojA TFsl w2 Fe|&
7ML, SRR 3F HES Adol Eefof k= Fr Hid

[13] AJA 2|5 A7He 718ko 2 3l 8 HAof A8-517]9
= &g&4o] "ot} o|H Y eye-typing?] E44J3t =9
dofehd EAYS FF 1 48 Al obd7A] AAI=

2] oFokrt wjo] 3HEL 7|HEO & F]= eye-typing U H|A

o] ure 3HEolZ molE FH= eye-typing ARRAFSOA|
T HYE AT 5 ¢l Ao J]diEt

ol2|gt EA|eJ 4l ol vlEste], 2 AtollA= g dEel
2|23t eye-typing Y AAIE @8 & A9 414
2 vt Aok WA 2o AA SRE AAstarl T4
o8 AA (multilevel input system)E 323t 5, o]F 7]9ke
2 5 7H] QI o] AE &3t o] oA dha 2 A
3L SRt g EjES Agoka A 9] At gzt 235}
IS AX R Fo| M= AFSAF AEE Sl A=
QIE|Hjo] A0 Ad5-S vlu BAg. ofuf tixgoR 7|&E

o] k= T4 A BE QIEHo|AE ¥, E83ict up
Aaro g 4ol & 70| ololo} G, 12 a g AT
Wl sl =3tk

2. AA

21 87 28

Eye-typing®] ®E 2 AMAF BYEE viehe 1
< uf AJA9] $IR]e] whe} o] Fol A AJAS] FA] 2 A
< 7HITt A9 BE2 2 ARILY] SFo)etal Kotk FHf
AER ARGALNA & G v]R|7] wfzel] AR} o] 7]
= LA G s HleiME AAY HRE Vst o T
<Btal Aol The= Zlo] st ghH i A-tolAf A
S35t mUE Az AJA 22 AX](monitor-mounted eye
tracker) &] 7% B|iLA YA oA =FAH H2 %L E7Yst
7] Wi 2ol Eof -t 2Folut B0l Al Qo] A%l
2 QI8 drA¥sl= F20] At} Jacob O. Wobbrock2- o]2{st
SRE Faskelr] 3t A AA Evewriteg AAskGIc
[14]. Wobbrock-2 2JAM2F el £4F g G o] 7+ mA

Homeh ox 30

TS RO A 29, S Aol FEEE AAT
Aok 23 24 7oz ATk o714 HAL 7]

SR
9] AFE Auhg BE A AAeks g 189 AeE
EUo =N A A B oA sk ol gt W4
< 3A SHAAFH R Aolrh 22 WA Majarantae}
Raiha%A] Qlejs|o] A o] B Zhzte] djsf Rt 2715
SR HE Atolo] 1H4S Fdisteh= AR ALkl
tH15]. gtHMidas touch problemE W3] $JaiA= U
o] o]FAAR|A] ¢h= etol AlAo] mEE o] Hasict
[10]. o3t =) vpgro & thgat 22 37kA] AA HiE
A8tk



® 78 wEo] 27] Sojst
® f&Holn Aol FA

© 48 BF A AAo] HEE

5 o
R
i)
=
B9
FE
o
=
&l
o
[>
o

E7Fs sl webA A
011*1 7Ha HE9| 27 l% %EH?SW?VI PIAl= st
ool uhet 4 HE

= oY ST
Zlo] ofe} 4 wAkol =E6}7] flaiA
25 et o dAE AXoF sk, olE8 HAIA
A¥EeHE 1), DA 48 AA A= HA
Mo aFor /e § 27 sdle 24 A5S
AR E9] et 2eal geskart she wAF
£3)9)= 182 AEEhd sl 150 &%= 5HY =
o HAHA|A =il 7|4 ThA] ofl L Heshd vz
2ol o]Foj|A Hrt.

7\“\

Group 2

oo Mo oo rlo
1o i

ol OH =3

=2 Ao s

o Ho

=)
12 flo
2 5

o
oM,

L fo e T
-1
-
mlm

]

31:‘

rir
rlr HE >|E

Group N

AN N

2= #M|A(multilevel input system). ZIH
0] OtLIZHEM StAE), 49 S=2 HX

o
=
.'|=.| 3|-_|_.| ‘:»I-E° A'IEH I\_ I:IH\I( E)

Group 1

7t 3

AollMe 9 A Fxof Fefshe + 7HA 4 Al
dASHA T12|a At Bgof 22 ofF-E VIER ©f
So 44 AR QAR Qe oAk AR Z2lY QIEH o]~
ek AoRitt. = A" AA 2 wE A7]e] SdigkE AR e
A4 A AAE 71RoR s Ak = A A S
Al A TAl 50l F H e £ R A Al WA
A HE A R A A AT 37 e S

om=E T
AL A

2.2 I YR OIE{HO|A
A ARG lejso] o] 71 2 B4 At mgo] 3
3ol o] Lhehdths Zloleh, 9] &4 A4 Sl 9125t

39

of
i
filo

AR v slTt. 291
247} 24 BEO 7o
31 A4S el

oJodS ujA|

[l =Y

H

5
o
]
N

]
>
ne

04-1—
2 (Backspace), 12|11

A A (Clear) &) 7152 ¥3ke o9& FAHIH 2).

A 229 A sole AAE Este] F 19 ST
Utk ol T YN T Ao RNE 8 ke EoH 4*“54
FeE 7A=Y o]2 §33lY] 7Ro= ARt 71 TX'e
MH FARE S-S TAR A & B FTtste] YA
2 x) AXlAeE]e] dfFetEE thA] “xof| gt &g
F71gro ] A=Yt olet o] ZF A-59] 4] W Fejo

o
)
:L m]o

ar “x

dEHEIEoR $F QUL £ 4319 K22 ol
o} go] 57 1FoE ERAGOH 2 TFS tiESE 7)1

SamE L, W, A A TR deRE 3
ahy S F1EoR SoAN 7 18| 2718 K
14517 517] el @ 7] olels ok 7k L
Foll 52T o' Ui SAEela 7] olgAe
fooleh W] 45tuR g FoR Bolrt

‘—l’j_—g-:‘—l!’ 5:79, [

UIas et e

g, e 'w

‘uIE e’ e, T e

A=AV U S SIS

oo g oo & 7|Ho| El= JLAQ A ARl
$2 ', 1000 928 1° ol fAsIch e
Aol ok | gk ekt gl 2} ‘o)
Aol SloklR, 19 Aol & For A7) 27H—4 HIE
o] UEA stgith Aj=o] s HES 7 52 2719
ARE & Uehlle HEcR AEEE Ho gl webA,
TE)a at Aef A fixlef whet Y s HEol A
A skleh 3HH HRZ] lee 27 vREgS d&Aor

gakozn oj2olx7 sl

Current Letter

Backspace

a3 2. X2 LAY QlEfmofA, (1)HA U™ 2, (=Y
2, 3)53d U, (434 U, 5K ¢ 3¢ °§-, (6)

Space, Backspace, CleartHE,



2.3 X2 22y

A 22|y Qe o] 2o He Aed) o] A yER
A =5 Sl 5 A A AR Qe A A B
=5 E Qe Ba Aol AR Agke T3 LoME AAls
o AR FEl] e 992 373 S 9719 Yo Ly
<l o T TFel A FHL ot Y= o]FoIA|A]
%= FYoR I Y] 871 e HE FHLR ANS)
AT} ol 3R A F3o A ATt Aol o]FojAA] &
© S Al HEE & 9l Yol siFeiEE Al K
Y2 Fofstitt. FAlol o] ol A ol T 5L
FARo =M lgo] AR o] FolFl=A] BT = A 8t
Ak 2hd 2 QlE o] Had Ay I Mg Aol A
it ANA R e = QLA T12]an Ade] el AREAR
oA vt BEsHA AEE 4 Sl=Alel g gl uiol
A FH9 skl Mg MES Fof As A Ba A e
Aghe BRI SR AFolA Rgo 2, Te]al Bao
A Aoz gold wott vt g gE Yizle 2l
aezo|ng dA A ¢ F2of Aol w2t AkE Hghol
ool 4= oMl stk 7HY, 24 dEeAelM e Aol
AHHTL A Ae L2 Hg FO2 A= s9lrk g
o gk wEo] YRR YYelle Al EAbdol oA &
A=A Bt e AREAIA Ze] AFE7E AR Al e dAl
£ deEF] sl Ao Aol wek Al EF 999 e
g shglth 1™ 3).

A 22 QIE o] A0f Ze A AAY IEH o] 20}
2] A& e 2ol T 1Ee 2 RS o] ¢ o
Al she] A2 Y] Sl REEA] = ) Ad 3
& AA=S A

6__'!1%:6__'1‘ éq!’

QIE{H|0|A

A

.

S - ST Y =

‘E’j_—g—:‘l:’, ‘E" 5EE’

‘wIagry, 2w

ANABCA, W

‘o' dE o, '

‘28R, =

B0 A9, 7R FHRAS 7o) AA 93 BAE 7]
FOR Y AAT FEAE $4 A 0F G Tfze
2 elEeRs Bue ]9 =g WAsdoH th oS
S 7180E Ul &2 2709 ArgS AgsH sttt 4
e TR PR B2 FRES WA Y Hol ARg
2 gap shon ol 92 A Fug 5O FWIS

71208 MdeE Hrgo] o= Fof gl uhat AA=A

Shgick

40

Backspace

Backspace

A2 22 QIHTojA, XIS ZH(H), =S E(olH).
U JH, QAN HR JH U Sixf AH I 3F,
St U Fx| &2 2XtH, (4) Space, Backspace, Clear

HE.

ok

= %@4 g funed] AYsol 9] 480
o} 0|59 2T PAEL T4 71 BAA 4

omntete] Ho| g4t Hrk

O o lo o @

0 ‘-’>’

X = 44032 + 588x1+28x2+x3

L_

T

714 X

4% 24 54 % 3o] 917)0] 5

A s Ak%k olf= # HEE«I 6&% X}EOH%
2] o= AR SEEo] ek ] Q7] wi l

27] 9JeiAolct. R 4032+ T S T FUIE AolA
7P AL 3 7He 7P fUIE gl gt
2.5 Med | MY

£ A7 eye-typing QlE|Ho] oA = Ag 915 £
I A ARE oV SAIShs AR Rl o AEe
710l H= AlRtol AGAIA E 35 FE 23S gishe
oA o] A fdEo] o]FojA= Midas touch

problemo] B 4= Qlct. v 7|5 Alzte] AupA]A| 11 735



o= dEe] el Age] olqu HHY dF 7|
ARRS ASHE 2 - Fasle) o)A AL A mop

=R E FA YIS FEoll= Zolth Majarantaot
Bartzo] w2l gk ¥o) obF =oF 2ol 30msef A 120ms
7F 285 31[1], B4 259 ti7] AlXH(saccade latency)-&
2000117‘1 250m80]‘j§[1:| = A Q ]9]_ O A—]EH A]‘,] 71
AIZFS ZH2E 300ms, 400ms 2.2 A5,

3. ds Hit
3.1 A e

2 Aol A ARt = 71A] eye-typing?ta € QlE| o]
20) A2 AE] 98] ABAE AROR AHS Sast
Aok A4 23 Ax 2 Tohiirke] EyeX ControllerS A2-38¢
QI R EE ZY.E. 49} Zro] C++ OpenFrameWorksS
Fof THT B2 FUA Aue 59

TYPE:

. . . . . . . S l

2= 2EH0|A,

o AAES S &

739 SHoA Hlash= Zol7] wizol SIEHe]2o] HA|
A7) A ook gt 1%7] whizell A B olAl 2t %‘Eﬂ
AA L] 4= g G0l AX|ste WAE A F =

Y 204 HAoZ FAE 4 (609,000 pixel) 7+ 1 34 1

H 9] (603450pixel’), 123 19 4o FAIE Jejo] WA
(603.450pixel”) & LA AL HE QlEF o] AL 16004900
Aol WU Ao FaEgong WAl ez Ha ZAl
(pixel’ )& AMESHQIT I A3}, AR AAY QlEH o)A, 2w
29 QlEjgjo] A, 7|3 FHA gt Qe Ho] A0 1 ¢
g oolo] WAL 12% ujgte] WS 71

o2 T BE] 3715 Hasi ey, 94 An YA
QlE]F]o]29] - 107)2] AL wWEo] 23,100 pixel’, 2712] &
& HE0] 44,650 pixel’o] B & HF HE F7] 26,700pixel 0]
o} 2w 52 QlEjHo]A0] WE F7]7} 62.400pixel 2] HHE
=u2) 2 <lggjo] Ak 12,100pixel’e] Ertslm 3 W

41

A B3x0] A

A HE 2719 SHie7E 7 714 e o] AE
=8 & FHE ¢

R

==

% 107go] Aol Frhslalon BE
o QA Z2 105l AA 4 AA o
Eom AAE eye-typingo] Aseld 4= e U5
otk <2 S A3 Hole & 57119 F2
401{1 5”*—4 4 34 %“?iow A Y

-
o
)

{‘:
N
¢
-0,
ok
il
-
g
>
_|>i
r'i
o fo
o
=)
pa
El rr
o mu mv X4

HokE Bysluz ol u)
)3} AR AT

2 e 5 Bt e Aojgre vz
AL o714 RAETE ke ATAE HEse] 1412F o4
S L AR £ A7l A A s AgEeintn
AL WS FHSAT £ A7 42 AAS 9
5] o3t 17] ofelg HlAE} ATtel A9, T4 A
o] %2 o]k JF Agtolt LB WAlel ke wH 4

7] el dizatake] wln AR ool Al elselct.

32 M3 Zu
3.2 22 AQAZ

1 QAo AR 5 71 QlEmolael g Rl ol
HolAg o83 524 EAAL deishs dlo] A AlKke)
WAl 19 59 2k kel Al 48 A7kl o8 315
7 Sofgel mhet 2 Eow FASH HaES Be] v
O} 4 1918 730 e Fold Uitk B 92
WAl Agke) A, A e AAe] Wlol) T e AR
o} A1F WS £ SeAme Q) 28} 28 o)yt u

she 2971 gk

02 A27F Ade] 49 9A] w2 SRER QEpL2
2] ol WA= A7t il A S whEel] o) FAIBHT
U7 Ao 2R A2 Ay 3 Qe 23] vkl 3
o wlus s A7t ek Bk o 28 Agke] A o
AB 2| 7ol 235%(t=0.00L p( .05), Apa 2] ¢
ol 264% (£=0.00001 p¢ .05) 9k B Ao vyt



TH 50
ul
~ 40
a 30 T
<
mr <0
31 10
Q

A2 2HE A2 22y

013 o3} 35.6

023 o] 47.2 475

HEZH 29.8 30.2

32 5. QEHOIA ZR0/ T2 AR ARKSSE EXIE U A)

oAl et AP mRE A2 AnE txadl g2 7
A Apiat o429l Zukele e B ATt Seot Kim
o] AN AL17] B A ket Hlasf Ay, A1 2R o
Al A L2l QI Hlo| A Fhe FHA Ao vl Z

7} 16.0% (t=0.16, p< .05), 14.9% (t=0.19, p< 05) g

Y AZHE e Ao e
Shfel S48 QIEehe o Azke ATS fARE 74 )Y

EALE & 12719 S o|fojfonz 2w AP A
2 Eey QlEFo] oA Z47F 297, 30227} ~QF St
3HH Seoo} Kim9| Aol A= RhgstAla g vlste] & 574
O] 5:8-1254 BAEE ke vlol Bt 08271 &8
Eonz2[17] & AolA AIg A UAF % & <
& A7} 22k 21.0%, 260% 0 SEE 48 AR A=
A02 eyt o5 &%, 2 B Qe 54
o] 7fE Ueffjo] imsj R I8 63} Atk

_Q_/\?:]

Ae dHe 2

AR elE

B2 SUM 20z

Seo & Kim [17'

174

S
»
5
&
=
b

HER IR

a3 6. QEmo|A SR ME Fid U
3.2.2A14 0l572|

Aol olgARl= 2 4 AA A ol vlAle EIE v
Bl oJet 2| ER LI AN 27oke 7 BAjo)
F &R vhs 4 9tk WA SAHE BA e T o
E02 7| 3ol A = oh 2550 LERLL g ¢
8 SAIHAA AFshe 2ol M gl fs) BAshe =t
A3l A]fo] AR o] F Aol ot 22{fle] A
ol AR u|XE JS Al Y3l 1Y 69 dwyt
o] B4 #ALE Yok dloll Basgh Al Za olF72
& ARt 1714 AlAde] Ha ofg ARl e 2 7
Aok st HEEY] $4E AT AR AET FER A9l

42

ojol Wi} AA Al 22 Fell Yl

S8 o] HE oA wFEs F sk $

& Tzl sA Aot S/ttt of@fdt A A= A9

P45 AN HFEFOR &3 eye-typing®] A AFAA
& ZOARt WEL] A7|7F Aotdas Ad 97T st

Al GolupA] Ftths wA7F VrEbith

&9l o]

NN EEEEE
. vwﬂ&a' A

O3 7. ‘OISR 'U Al O[Ol HE 05 ZReY
(%ﬁngﬂ 0522 (22%). SMTE 2HUZ X1
UM SlEmolA, X2 22 QlEjmolA, S FHA X
QIEfH0]2,

a2 £ olesolash Zol MES 2717 A A%,
A 2 oI IS 248 o] At Ak v
ol wbLH Aol st el o)
Ao] BE vjof vl-2

2 A7ke] 24 AERE tha) o]l
R
sk SO A4S B0 28 9 408 clgle A

) u19) g3 20l o] 27, 21 29 ol 5 28

34 4 AI%ZH AA1A EAol| et )] Adsol gEbaly]
ol o] WA At sl wht ohekshA Vel &
242 BAEE Y of B o AR ot g2 F
WA QlEfgo]AofA] 71 ARokthe 2 9] ol5-E H4st
SHHA T EE 7HeA itk T4 QlEHo]A9] o]He
Hol27]® gk kA|qk Plsokoskiof w2 ™ AJAR] 0] AREA}
oA @ AZF 52t 54 FGE SAlGHES Q8 9ol
33134 AMgALS] AE AT} F71eEH[18] mUYE e 2R
G HollA] o]Foj A= R oF 2-50] AR A Fhgt
EHE o8 208 AR A= Ghetth whEka] o] 2
a3k A9 o]gHRE Hadlehs ARt EZa% $A
Y5 Hasel= Aol Bt A eve-typingE $13l T
A A Eojogltt, AR A AN fZo] AR F
QEjg|o] AofA] 9 A8 AZto] Bl FUSHA VERLE
HhH A 2] 9ol HARE 24 Vet Slas
091 Aeo] ol A9 AZFFEZEHA}: 38vs, 6.2 vs. 15.3).

F



Qlefmlo] 20 EAS HH o2 lwsty] I3 2t <lels)
o] 2] tisl olAFA|] Het Ao} AlA| Az Al ulw
232 E 1o Vel 93 BAGS e R 5
shgom A A Lol AE/ WEHoRRY 2L dlole
Z %4 5971 020 A9 FRgke Aok gtk

H 1. Z QE{HO|AN CHEH RIS U Al ZITHEZE 9}

Ay 42
of A 52 Z|c Alx| -
2IEHOolA 7 A2 (pixel) ZA2(pixel) Hig
A LA 7268 19357 2.66
A= 22l 8236 18329 2.23
ot= FHA 5809 18281 315

29 7ol Zgk Azl tat AR Azo) vlgo] 2eeE
120 ofa) Az7} ol &3, 2 HLol o5t Ao w3}
7 27 hepde, whebd 8ol olgt ool sk 4, 2}
B A, A Held A2 2 etk 2L o 5 9
o}, ol A ES] 278 He foz st AT A5}
B2 A WA A BRE TR 23l et Yre
ol 232 Ao}

olzfat AjolE A7t o2 Selel, H Uolr} A4l o)
opite BAsl] 9la) AlMo] HEE NS SE W(heat
map) 0.2 YERYJITH Y 8). HFE2E= A7 E4 J Y9
HEB4E )= Y Aol Beuos HAIEE: oelo] wol
Ukt 19 8ol A A QAE 2 22ld olejsolso vl
o g2 wua xpu 3lE WA B A oJofo] o REg
A7) R AE SRRISH 2 ol o) ah RuA) Ajgke.

T P

O3 8. ISR U Al AIM SIE B {0MFE]
=MUZ X2 LAY QEHO0|A, X2 ='EI QIE{TO]4,
o2 FEA XA QIEHO0|A,

43

ARG SRE UER oS Aoltsh e Y e
P17 A @ T4 Aol 3ol 3t 4 Ado] o
ol Uik 228 Al B 92 4 90

2 Aol A= 2 Yol 2| A3 eve-typinglE AAIE
Tkt Eye-typing®] #Ho] FZollAl 71%16k= &34
< sfidshe ol ks Aol 2Reksto 37H] A Haxeh o

A2 A AAY & AAstG e o) EdiE AR A
3 olggo] A9 Al Halg olggo]AS 1EE). o=
o2 22 7)ol E 2tk AR, 329 dojghy Eds
2 4s] aBlHA eve-typing®] T&A ALE Hlgict A
UAF QAEjFo| 2o M= ZF FHo] 24, 4, THLE 74
B 329 B4 o &8 asFolu |l FAld 7|5k
gt g AAE stk A4 m1bAQl eve-typing®] B

31 Midas touch problem& a835}7] 3l Y= G4 ol ¢
gof A¥H o7 Folohr] o= P9 Tk A= Bag <l
Elgo] A0 AJH B Jout A UAF QlE|F o] A 24-

4 1 F9E Bl Y=A] A WAYskE dES Haslsol

oflA] AR A AHY @ Eeld Qleaol st g R
Aol w]3) B A Ake] B FE AR Ut of
U2 R A 4 8 2710 A4 24 ol

rEOYE ke > 4

IR e figolsieh A1400] B ook ol
912 Azke] 2ol 2718 Hlme 9l Alzke] Sofub) Hick
olefet WA A MEC] A717t Frhel Qlefalo]l oA
7o) T eloleh AMgAR) 2EH AT 2] SIA
o Tl A ATHe 7Rt B Zofok shEz(618]
B Aol AT Elelat W FUA Ao s
eve-typing 9J2] AR o]7lo] o Aslcha & 4 9.
SR 2 AT A0 mUE A AX 24 Ao
719R7) uhizo] 1 o] AbgAje} mUE 7k A2l §)
Aof] ¥ Bol WH=The SIS Ak whebd £ d7ge

o1 glolelz ulol 7]kt 3 54 Qlelalol efol &
A AESA 7153 2L Bl 715 F71stel AXTTH
35 SHo]2 mto]2 SHs eye-typing AMEAFERA AA
A8 4 9l Ao Ao

l

[1] Hutchinson, T. E,, White, K, P,, Martin, W, N,,
Reichert, K, C, and Frey, L, A, Human—computer in—



teraction using eye—gaze input, IEEE Transactions

on systems, man, and cybernetics, 19(6). pp.

15627-1534, 1989,

[2] Schnakers, C., Perrin, F., Schabus, M., Hustinx, R,
Majerus, S,, Moonen, G, and Laureys, S, Detecting
consciousness in a total locked—in syndrome: an ac—
tive event—related paradigm, Neurocase, 15(4). pp.

271-277, 2009,

[3] Jacob, R, J. K., Leggett, J. J., Myers, B, A, and
Pausch, R. Interaction styles and input/output
devices, Behaviour & Information Technology.12, pp.

69-79. 1993.

[4] Ghysels, E,, Santa—Clara, P, and Valkanov, R, The
MIDAS touch: Mixed data sampling

models, Finance, 2004,

regression

(5

=

Velichkovsky, B., Sprenger, A, and Unema, P, Towards
gaze—mediated interaction: Collecting solutions of the
“Midas touch problem’, In Human—Computer Interaction
INTERACT'97. Springer US, pp. 509-516, 1997,

[6] Ohno, T. Features of eye gaze interface for selection
tasks, Proceedings of the 3" Asian Pacific Computer

and Human Interaction (APCHI'98). pp. 176-182. 1998,
[7

=

Bhaskar, T, N,, Keat, F, T, Ranganath, S, and
Venkatesh, Y. V. Blink detection and eye tracking
for eye localization, In TENCON 2003, Conference on
Convergent Technologies for the Asia—Pacific
Region, Vol, 2, pp. 821-824, IEEE, 2003,

[8] Ferreira, A,, Celeste, W, C., Cheein, F. A,
Bastos—Filho, T, F,, Sarcinelli—Filho, M, and Carelli,
R. Human—machine interfaces based on EMG and
EEG applied to robotic systems, Journal of

NeuroEngineering and Rehabilitation, 5(1), 10, 2008,

[9] Chau, M.and Betke, M, Real time eye tracking and
blink detection with usb cameras, Boston University

Computer Science Department, 2005,

[10] Kotani, K,, Yamaguchi, Y., Asao, T. and Horii, K,
Design of eye—typing interface using saccadic la—
tency of eye movement, International Journal of
Human—Computer Interaction, 26(4). pp. 361—376.
2010,

[11] Majaranta, P, and Réihd, K, J, Twenty years of eye
typing:. Systems and design issues, Proceedings of the
2002 symposium on Eye Tracking Research &
Applications, pp. 1522, 2002..

[12] o4,

710

429 ZA4F. A Study on the Indirect

Keyboard Control System based on the Gaze Tracing
by Haar Classifiers. SHEAMNIAFHEE] =84,
7(6). pp. 44—45, 2011,

e, Aol oK, oFal, WA FrhEe] g

A} QIE|H o)A HAIE $13F ARAEY] 7|2 AMSEA £
A AF-2El (IE interfaces). 15(1). pp. 73—81, 2002,

[13]

[14] Wobbrock, J, O., Rubinstein, J., Sawyer, M, W, and

44

Duchowski, A, T. Longitudinal evaluation of discrete
consecutive gaze gestures for text entry.
Proceedings of the 2008 symposium on Eye tracking

In:

research & applications, pp. 11-18, 2008,

[15] Majaranta, P. and Rédihd, K, J. Text entry by gaze:
Utilizing eye—tracking, 7ext entry systems. Mobility,

accessibility, universality, pp. 175—187, 2007,

[16] Bartz, A, Eye movement latency, duration and re—
sponse time as a function of angular displacement,
Journal of Experimental Psychology. 64. pp. 318

324, 1962,
A 2L A gE A of| o3k 32

Al Tt A A EEE
pp. 239-244, 2004,

[17] OEWAPN-

=AlL 503).

] =35}+5
==

[18] Isokoski, P, Text input methods for eye trackers us—
ing off—screen targets, Proceedings of Eye Tracking
Research & Applications Symposium 2000, pp, 1522,

2000,





