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ABSTRACT ApR2pol B A (destination) HFeold. ¥
. ek ol ooy AIFLEE F
In this paper, a new method of Eye Movement sto] ZEele Puyg MLl Aol Ry My}
Pattern Encoding (EMPE) which is based on 2 dApojis 29 ol ,‘OIA.&' DE IR %
electrooculography (EOG) was suggested for the A Ade deeegeu, Aeinoro BEXo) o
purpose of effective communication between man 2 YR aver dgo] Qome 7 ggyol o
and  machine, instead of Point-0f-Regard- oo, Eo olg#olre HALxE YEE ARY
Setection (PORS) method. Also, ocular interface Z ok o] R¥3-E(encoding rate) & WRol 941‘5-1
is designed and the typing aid, eye-pattern d8rg Wz v wEolu),
writer, was constructed for the test of
theoretical validity and its practical aspect. B EBoyE ool 28 FARaE 3
Effect of eye fatigue on the performance of T, o]p;,'"o':\._% oqh:'x.s R ) ggo; °|‘;‘31°'
ocular interface was quantified through fatigue E3g ;giol%%\_g_gs}\?ﬁq. = T
test. ¢l & ZAEzew dE FI Adesolxg
ol & o ’
- = AR E zoirh,
Hu Aol B2 getor Fajxof
A Y5 LAY S 5E Fovr] 4 FHR
Z A 2] (communication aids)of ek A7t 3 Y — .
2 312.“‘, O] %0‘%‘ ‘:}‘E %“2‘ A\_}‘-\%%—it} Q} 10" saccade pair x 2 - ?gou;rr
P2 % (eye-movement) & Moj7t vip wED w2y £20° saccade pair Vy 4 ¢ SELECTIoN
W szmeto] A2V 4A HEY £+ o B . b —
A 49 (point-of-regard-selection method;PORS) | SUBJECT | — | EYE |~ [ ELECTRODE, | — | DETECTION | ~» [ BINARY ]
& 228 2o AoiA2a] (eye-controlled device) o} 1 pwuscte | jab | {ucomitan | |mEE |
efst Ao NASA 1) o 2ok Ao 3 uj e} o] X {source) (encoder) 1 (channel) (decoder) (destination)
(teletype) & 7idol of & Ap{2]ols ulEEo | NoISE |
gure A% o gt 3-8] —
2y, A A994e Wotx) BARE I} (e source)
Jad Y ad e 3SR Ay
A= Faa ARl EANQA HE WMol R &Y Y1 qFEFoE Ao HRE Y
9. A4, gxg#oof Ao} L"Q}%q- AnA, o Fig. 1 Information-theoretical model
A& A 7 (dwell time) o]4 FA|spojof sjog < controlled by eye-movemeat
EL R ML R Ry
7| 2] ] 3 Ewsioe v e AR B 3 ] N 2
aa. . ARAen AR BANE  gAe Ay ap e e i 2%
(communication rate)o] A¥rsivt, U, B, H37)9 B gL I AY MR
g, B =Ry lzte] A EE M A, Hy 2L drgol £ axEgoly F
Afg o A4% B AFeA ALty 44 HRrzEM Y A 52 Hge) 299 e
A Mo}t Jb8 saccade GTFEE W& ¢ ¥} WA AE AT 7] 8 HEgE A3 Mo
o, olAez (binary tree) ] AoiAXE BAME  2yoh. BANL Ve WAAE BE ARDE
=09t olefsfo] A (ocular interface)d dAo A% wgetey, E, A" a8 thepst A #4so
¥+ e FPET e 2 ¥3l (Eye-Movement S A 834 (voice prothesis) € 1% A ¢4~
Pattern Encoding:EMPE) 44 & 3413484 9 T2, SN 24, T BAMY eaPL AL
doe s Ao ¢ Aeisol 28 AAsta o g Bxle] A3} Sof &80] Jxeiy), °
el walo] 72y =28 2R (typing aids) ol G2 Reel ATy Aoj® APSE Y3
2 geto] o] B ey YEMT UFHZA 2 Aoy BAYE A2eE Apo) Ade N
o FAdza e, 2% 9 Welyd Q% oigea A
k- A2 A/D W%y o8l A% odhdE RE
I g dejsfolx 29Y 3 24 o,;’fiégq.’ %, ﬂ%ﬂ'ig awim% ‘sg
A& Heoeg wayel= EOC Moz VI
2-1. % Anso| 29 2 Ao A3 54w gund Guuse FE
Ao =gzeg 240 YUY MXolg,
AB-AFY $A QeiHelxs Fp, YR T ;llgldg %2}1 @$§o=¢of'4 @:Aiigq
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Q7-714 §4 deisel =g AR BPEE AW Fash gy
A& RBY)9 4 & BBy, & AEea) GAT AL FAx F [epn) & 2§
o dEjsfol A {9 BAo ALy Pec [%] & & <+ doog, 4 (2-3)o8 A4
Aol HRE 2wt FojAw, MUz FA ooF dyulart sge.
cleisfol 2y 4usfol Yuafdolne AT L T4
A= 2N gRog &, WUdgugos ALy (2) Rbit [bps] o 2413
45 ol dAg A BxAgAqME AL3ABR S
Aol 28 & B2ANY, ATl AAH vy ZYAego] BAY TAu g Rbit [bps] & F
g Wy A8 JGaiA FAstA = &7 gl JdF xi & N (H, 9,49 ) HY
g2 = S Aol o] HROE BAL FolM g Nt 2% yi & N AdE A
AL 2z BYHAEE AU Zojg, o, ol R HAp Az ¥ AP %
Hieg ojaAjo) U ARE ANYAZTE Teto A Aggol Ao oy, HX) = log(WHY $)=
Lol A ASElo] uiE ¢ AYR2E FAANNY log(r) (o471 M r=3)8 TAJAY 4 v},
o2 oyE S AP WYBd. f o AL (bits/secl2M H4EAZ Tt &
o RE 3 dta)o] Bt NN AD AL Py Ne B U tox 3YY & UG
8 A geojdof BA 7| H Adrjseo] 29 BAly
& WA gy, Nc
f = (2-4)
Tt
Bbit=1 * [log(3)-h(Peb)-Peb] [bps] (2-5)
WEoly Peb = MY o) v WA oy
24 983 A,
Me
Egsnnu Peb = " (2-6)
| souRcy { — | ENCODER !-(cmm i~inncunnd-ﬁicmsxl ¢
t
| roIsg | I, 3229 9 49
. ) 3-1 sf=ddojg 24
[ USER |~ | CONPARATOR | — | INTERFACE | — { COMMAND PROCESSOR | — 293 & ojEuAe Nae Songuz
iatended T tepat | outpat cutput %)’& .ﬂaj A B éiﬂ/\]_{:ﬂ% L}E}\"! 7o),

uessige t sequence | sequence uessage
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Fig. 2 Block diagram of communication aids
with feedback
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YY) FEEA xi 2 FEYPY, 2= FAE A
W& Eaete] yi 050 R28 AN §3
A dj 7 o, ga REARgME 229 BF
AEE do] ¢ EAoln, REA= {3 &
, A9} 47tx H=Holg,

(1) Rchar {cpu)] & 24+ Y

Balof f@ ofvlE = 27x27=729 7l g%
F 4= B AR HE YAToE Mol s
2 2487 Yasdg,

F B4 FPed = 44 SAAY 5 A=d, F
{char/min]e ML F42M, 1 3 AW AL Tt
of tt B4 FA4 U o2 EUUY, E Pec =
B2 2 g4 AAEF AN B4 EXso oY
oA#ye 4 Ue 9 v]-go] B4

"
F = (2-1)
Tt
Me
Pec = (2-2)
[l
h{(Pec)+Pec*1og26
Rchar=F=%[1 - " 1 {cpm] (2-3)
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Fig. 3 Block diagram of experimental system
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GFEE Y 223 YooM= A= e
& EYY Aojuy i, g M9joe Nugow
H QA0 72 duzgel YL,

Folal AF P A7z g AN H3
o= U2 FE H4E (peak velocity) o} =l 44
2t (duration time) & &Aoko] nyW E¥FH u
2= g Jaxe vy,

Veaxi ¢ Duri B 27 Aola= A= | 9
UG L A& 229 HAyYgtelzm, ViD 3} DI0 &
2z BF ZAMNA 3 10° A of ug ¥
FAAEE o AKAneleta oA},

Wof, AFo) 100 2y 20N A= | o=
O& 220g NFHejojol ¥,

Vmaxi
1—al < < Y+ah (3-1)
V1o
2
Duri

1-bl < < 1+bh (3-2)
oo},

Wedof, 100 AstERyg 2 ‘g(k)’ As=ol
A ug 2R BFeo %o,

Vmaxi

T+el < (3-3)
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Aot 24 AAY EEuiEE sz, ZgvEH
ZAMBg9 2F AANEE FEFAA AL
E Uxo Weo Aol dtt H2E AR
u, o= A5 F4e AF | EVNE FTHALY 3
of st ®3 & RE me Ay AA4F 8
B oy, MAA #2 9 ALF AL, BF
2[{x] ©vjte HEZE UeWded, BF 2.659(%)
ojqlth, ol 1 A ols e AAAY AgIz
Mg o JdeHolre vizE UYL 2
8 Howg S¢ AdejHojr AFAM A BNz2HY
2 248 @ E BV © = UG
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Table 3 Result of fatigue test

T ¥ il R

} ® A | Rbit bits/s | H B |

| ¥ | A 2 | ® |

2 } { —

| #2117 2.077 | 1.889 |

| #2 | 2.081 1.943 | 5.266 |

| #3 | 1.984 2.014 | 1.512 |

| # | 1.572 1.603 11 1.972 !

v. 3 2

B =Fojy dojA AR & Uy,

(1) ¢F L5 vy 2o X (3o
wxe gasia s, Ay s AyE ¢
S5 HHE st HdFeiUY 28 AU E
Seote B¢ deisoln dAAd HE s,

(2) 59 clejsgol 2o HRolE TS HAY
A3 ee ol 1.184[cpe] BH, FAH MY
'%él}ol Z)E: % FauA] (4.249[cpe]) BY X EH
[}

(3) 10" 2} +120° oj4 Aste ¥E EY9
MojAlwe (#, &, MY} WPow 27 FAAA
A ol gAeedg MY + o,

(4) A7t Hee QYA A E A Loy
& Ml edd, A4E A= o g AHx
& 20" 19 Aex 99 [x) ., x20[° Jo) A
ALE 90 [%] ot}

5) €% ¥z Gpdd UHE Fol Ty
& Agdor SHY A3, HF 20.76 [cpa] E
+ 1.86 [bps] elgict

() 32} T AejHol 2 Hpof vjx=
AY& AYseis] il Trulgel el A ulg
g AEOAA AEEE ALE A% 269 (4 #
Me:'gz BZg Agss By Adrolsof
3 At A ojol s, EY, FYHRIMY
(ISIN) % oA ¥ E1 Hopg Azw, A9 A
Z2d 29 ojyzel s)e AN )5 g 2AY V-
A FA AeHol g YA BAMu 28] &
AHE $YY & Y& Aolo.
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