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O =LUZ(glaucoma): A|AE &40 2|5 L=l AOFAE0| FHE| O A=
A 0| 0|2 Qtuf E2H(Mozaffarieh, 2008)
Q 202043 MA =LHZE 22Xt 4= 88 BHH(FT: Qugley, 2005)

Progression of glaucoma
Early stage Middle stage Last stage
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=LY & AAL HHE- AlOF(Visual Field)

O 0| O|H ot = FAI I, A[40] JdE= TN St E?l(Dersu

et al.,, 2006)
v x*'AIOF(central vision): A| M kS QLo M SE2151A| HO|= = ¢
H A|OF(peripheral vision): A|ME2o| THAHO Z FEIGIX| = (AOLt O EME
ot Ol KHOo
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O Gold standard &H|: Humphrey® Field Analyzer (Carl Zeiss Meditec Inc., USA)
O AP AKX A SHHO| S0 Al 17 = A|OF SYOf| MA|Zl= Al& 20

— HE click

ANE HA SSELEF &) - 1= 171 A& HA|
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AdDEE AME9

SEfjof A4t Yellow dot White dot Black dot
o i
e AP-S000
L -
AFZI T\
\
Model HVF i-1l series AP-5000 Humphrey® Matrix™
ARZ!
Model M700 Easy field
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v O/ M|-2&(fine movement): o X2 SA|SH AEJO| A O] M| SHA|
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7|E AMOFEAFSH|Q| A 1E S8YH oA

O o s
Name Humphery® Field Analyzer Humphery® Matrix™
* Gaze tracking: BAF A[&f Al « Eye monitoring: $Xt2| SZ 0
Method 552 X2 2H 550 jc*HI StHO 28T £8 279
= Ho|xl Y=ot XAHEHoR A2 HO|LH=X| BUEY ot
FHE|0f graph2 '—fEH-H == R =
. i 30-2 Threshold S @] et Ty &L
_____ = j‘ - -
—] . | T
Test screen ol | — i I
Preparing Instrument For Test Zl T E"..T:.,T _— _
@y o - — 5
:|Pﬂ'znln mu;:;;:;-m:_' 2003012 M [P
oo
Result Gaze graph N
Large eye deviation Good, steady fixation
ch J
Blinks
Fixation \ﬁdeo eye r_nor_ntor 0
control (=Eye monitoring)
function | Gaze tracking @) X
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S2. A dsEI7t s/w 71

v

S3. Al 1d dsE7t

Phase 0: A|O}H AL A&
W . - -

Phase 1: A|MIME A|EO| size o 2 levels: medium(7 pixels), large(14 pixels)
v

Phase 2: A|M 1™ A|E9| flash rate * 3levels: steady, 5 Hz, 10 Hz
w - -

Phase 3: A|[M1H & A|&E2| shapes » 3levels: reference dot, single shape, multiple shapes
v

Main test: Z| X 2| A|MDH & A& validation * 2levels: reference dot, Z| % ¢t

» Fixation loss rate(FLR, %)

] » Fixation error rate(FER, %)
. FEH OIS (7 HE)

[84. =4

X Reference =A
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S1. 2% T A} A|ZE

1
Al
N
for

z
I

o
O Z=ALHE
v A4 keywords: eye, gaze, fixation, attention, conspicuity, flash rate, induction &
v dAdre- AMAAIXI(Pubmed, ScienceDirect, 72 2t& A4 5) U HIMA ALE
0 AZH 3Col U B FHAIE 920 H87tsst a4 MY
Table. Summary of certain visual coding methods (Sanders and McCormick,1992)
Factors Attributes Number of levels Prelfirenrftlble

Geometric shapes > Sputinr e e 15 or more 5
P » Shapes used together need to be discriminable

» Generally satisfactory for special purposes such

Angle of inclination as indication direction, angle, or position on round e 24 12
instruments

Size of forms » Use only when specifically appropriate e 50r6 3

Brightness of lights | « Weaker signals may be masked e 3-4 2

» Possible use in combination with controlled time
Flash rate of lights interval * Flash rate 2
» Use to attract attention to specific areas
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S1. ¢ Z=AL BB f X (Flash Rate)

rlo

At

gr

Q 3~10Hz 52 HESH= HES ALE 9| 39| = (Woodson and

Conover, 1964)
O NASAS| 57| S=UXAAH- T 7| E A (Connors, 1975)
v A HE ST OE AR AR 7HSA A" S AFE T BTt

v 2l =T *fol AI = 7=ot0 2 g&7[e ot E d=2 Soi &7

20 I8 12 8 %4 T 4 4B 12 16 20
F———————

DEGREES FROM CENTER OF VISUAL FIELD

20 =
DEGREES FROM CENTER OF VISUAL FIELD
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S2. AMI™ MsHHIEsw e

O Visual field testing system: Gt A|OFZH AL A|ZHEE) HE
v T 2% tool: Microsoft Visual C# 2010
v ANE FA| 82320 2|(AOFSE AlE 2702|, WA A& 502])
v AE X AlZt 0.2

JER-ERE
(015, Lol, 58)

Copyright @ 2012 Ergonomic Design Technology (EDT) Laboratory, All right reserved,

Visual field testing system (right eye)
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Fixation Target: Size

rot

O HFAi-ll series A|E 37| & 19inch ZL{HOM Fie = A F pixel CHR[E Het

Stimulus Angular subtense Stimulus area (dils?aiggg infggt;rm)
Size (degree) (30 cm bowl, mm?2) . ey )
pixel pitch = 0.294, pixel)
Size | 0.11 0.25
Size ll 0.22 1
Size Il
(medium) 0.43 4 !
Size IV 0.86 16 14
(large)
Size V 1.72 64 27

ey

f=5 Zusndia Medium dot Large dot TR ey
WY veizezm 14 Tetmnarogy Lab”




O HES HELSEE HEL2 B0l £ (B B-8 L, flicker-fusion frequency,
oF 30 Hz)2C} =2{0} &
v FO|E Bl MESKL 3~10 Hz(E2 X|HA|ZH0.05 sec) HEZHE
(Woodson and Conover, 1964)
O AMUAZE AR 7Y 2 S0 Mt 8 £= 7[27F 49 0|= 7Y

Flashing dot
Steady Flash rate: 5 Hz Flash rate: 10 Hz
{3 =unasz B :
Y welzezsn 15 hn




Fixation Target: Shape

a7l ™ (Reference dot), phase 2 M0 B =l flash rateE MR =
H(dot), = =(multiple shapes)

Reference dot 10 Hz flashing dot 10 Hz flashing shape
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S3. A%

4t day

Phase 3: shape
(108)
» Multiple shapes

=3

Reference

Multiple Shapes

A& test 5&: Phased test 54
Mo ZAH AN AMIHEAEL QS 2AH M5HIIE S
1st day 2" day 3 day
Phase 0: ¥& | | Phase 1: size (10%) | Phase 2: flash rate
« Reference « Medium (7 pixels), (109F)
large (14 pixels) e 5Hz, 10 Hz
v A|OF ZAA} MAHEOI X} 5= A 79| counter balanceE &
I A AH® Ol
S| K| It
Stead
v K|OF Z4A} y
=3 Medium
Xﬂ*l = AN
\ J
> 2 928 NHOIN FHEE 048 R els dal

><Steady, reference, ZLEI L smgle shapeol

W rn |

WOV Ateizicizetn

HAUSE AR HE

Single Shape > —

ain test
S &

.|:||-_7F_E

[ |

i
12 A

0x =

5t day

r

Validation
(209%)

» Reference, new
\_

7| & Ald

NESE=WNE:

Size = medium
Flash rate = steady
Single Shape = dot

— ME2
AMDEE A=

Size = large
Flash rate = 10 Hz
Single Shape = dot

dOt(.) = |"9'
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S3. A1 dsE7t: ™ EX(Indivisual)

Informed consent (3 min) [ Preparation —o| I =X XA}
o — i

(10 min) : 2 conditions / 1 day

A
Preparation of eye tracking system v

(5 min)
! Exercise

Confirm a blind spot and distance
(5 min)

between eye and monitor (2 min) v

1 trial = 8 min

Eye fixation testing g Visual field testing (6 min) <

(8 min) !
Subjective evaluation (1 min)

Debriefing ,

(5 min) Take a rest (1 min)
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Q i-care chin supporter; Z AF2t9]

& S|
O Eye tracking system: A AtRtS| 2/l Gl

Mobile Eye-XG
(Applied Science Laboratories Co., USA)

AOFHAL

oy ZESndila 2 E ic Desi
Y Atolzici2stn} 20 723;?12&% ab




MM dsHIt: Eye Tracking System

Q M2l MA 2t eye cameraE ol 52| ¥X| & frame & x, y ZHIUSE
7| E5t= A|AHE
/&Y a4 529 YK, 539 U

v' Sampling rate: 30 frames/sec

LJH eye tracking S 3.’.§IEI I
640 pixels (pixel)

e — e — Avi Time Stamp Frame| Pupil x Pupil y
L )\| A o| 0| X| 0:00:22.36 671| 35364  300.36
0:00:22.40 672 349.3 297.19
480 0:00:22.43 673 349.6 296.95
A I Bl ¢ 0209020 [ 0:00:22.46 674 346.03 29411
pixels 0:00:22.50 675 33872 28866
_ 0:00:22.53 676 328.46 28447
lllllllll 0:00:22.56 677 310.15 276.96
0:00:22.60 678 311.14 27712
0:00:22.63 679 311.63 277.25
0:00:22.66 680 311.88 277.2
Eye |mage Scene |mage 0:00:22.70 681 316.7 279.53
\ 0:00:22.73 682 348.24 29717
0:00:22.76 683 349.79 297.8
0:00:22.80 684 349.95 297.95
0:00:22.83 685 350.55 297.73
0:00:22.36 671 353.64 300.36

=™ &l data
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S3. A|E 85871 2™ 24

b TER:
o AMIHEE AlH HEH(w-s-f)
=2 v' Size: medium, large
v Flash rate: steady, 5 Hz, 10Hz
v Shape: single, multiple
o AMMIE 2F=(fixation error rate, FER)
oA « A|M17Y O|EhZ(fixation loss rate, FLR)
°eT=T « FOH UZDAIMDY 0|, A UBE, £ O 2L, MY BHE L,
T3 HE)
A 20|y
No.| B4 AEEH |[BE®EEE(EE
2| e [Medium®) |©]@ Fl@|lo|e|o
1ze
Large(®) |@|@|0®|&|o|6|0
—_— O GEE HIPEA7E A )
NE o Li — —1 -~ o O | R |
FER(%) = — X 100 FLR (%) = ==— x 100
Ng n
22



S4. 2M: A|MM11HE @ F = (Fixation Error Rate, FER)

O FER: A|MITI™ M=o ASO| Rl E
A OFAAIALZ} HA| =l BE A&7 BFSoF =I=2| H| &

rl_l_
Ol
0
OB
O
=)
rE

a

YEO| MAIE S

Ng Ng = # of the responded blind spot
0 E E
FER( /0) - x 100 Ng = total # of the presented blind spot

0:00:53.99 [00058763) C:\Users\Public\DocumentsiApplied Science Laboratories\MobileEwe
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S4. M. Al M1 O|F=(Fixation Loss Rate, FLR)

O
=
<
oY
>
0H1

oF SoAIRO 2FE AH9 0] 50| Al E o E8tHA(tolerance

1, distance (Euclidean distance between eye location of frame i
= { and center of the screen) > tolerance limit

FLR (%) = =% x 100 &

0, o/lw
- 1,...,n
Ky 70 — A|M07HO|E frames
WL ES . JUuUDUL) 8] CUecuments snd Iiﬂlr\]iﬁ“llllel.\ft\D!:mH'_U! 'I'Jl'l LILVVITET I
60
50 - ”
AN [ [ . ~ Distance 40 1
o 25HA| A | \ (pixels) | +
Tolerance -«-----§-ceeceeneen U 45 JU D S
limit 20 [
10 r.fJ
o { ; .
Eye tracking scene 0 2 4 6 8 10
Y J Time (sec)

=> ol OjM2s= najet A|[d1F 58t 28 28

oy U3tz .
1Y eeies 24 O e




MM 5| 8%t (Tolerance Limit)

(1/2)
N A re) o= =
O AMIHE S| 2SHAH HLRIS 0.1°~ 4.0° I}X| 0.1° ZHHE O 2 S IHA|7|HA
X Q|EFS o
A| An__l—_'l— o_I O| =2 = T'__Aﬂ-i
AF =2 o XA re) o EDS
O FLR HESX7 7t 2 AOFZ42 A 0E S| 8o HE 2 243
v" Range = 0.6° ~ 1.7°;, mean = 1.1°; SD = 0.4°
Angle() 01 02 03 04 05 06] 07 08 09 1 11 31 32 33 34 35 36 37 38 39 4
(T;'Xe;;nce 106 212 317 423 529 635 740 846 952 1058 1164 3282 3388 3495 3601 37.07 3813 3919 4025 4132 4238
#
fraor;z 9035 8817 8462 7962 7233| 6413 5690 5006 4328 3654 2980 ... 35 33 30 30 30 25 23 22 21 20
#
frao;:;’ta' 9086 9086 9086 9086 9086| 9086| 9086 9086 9086 9086 9086 9086 9086 9086 9086 9086 9086 9086 9086 9086 9086
FLR%) 994 970 931 876 796| 706| 626 551 476 402 328 04 04 03 03 03 03 03 02 02 02
HE X} 24 39 55 80 75 75 74 74 00 00 00 00 00 01 00 00 00

801 9.0
Large 100 -.\ 0.6°

80 \
A 60

(=)
O|E=

(FLR, %) 40

20

Ergonomic Design
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A4 5| 8StAH|(Tolerance Limit)
- (2/2)

0 Range =0.6°~1.7° mean = 1.1°, SD = 0.4°

Medium 1:8
A| A|—-| _Tl_oxo-| 60 60 &0 &0 &0
ol EEI-E 40 40 40 a0 40
(FLR, %) 20 m s - o
0 o o o 0

100 100 100 100 100

Large 80 80 80 80 80
A| t—| _TI_Jg 60 @ - “ o
O| EEF% 40 40 a0 40 40
(FLR, %) 20 » i 0 .
0 o o o o
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a 22X +4
v 7

= JHE: 0| F, Lt0], 82, A[H(Ft

BN USE BIHH HE) AN
_7_FI_

1)

_TI_I

o|A—| 7—IA|. XlKE, _E_ E|EE,

T BIWE=X)

(O A]) AMDY 80| Y oibfz  oEg  gie =8  HE 4 32
No B4 AE gl < 2@ |®|E&
Medium ©) @ ® @ ® ® @
1 Size
Large @ @ ® @ ® ® @
. .
v" Debriefing
> PC BL{E AL A[ZHEHE E)
> AOFAAL A& (AN Bl AAIF))
> AOFEAFEE AN 07 Ao ZHA Gl

__# Technology Lab

X H
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Size @ AM|MIH H587 1} FER & FLR

[ SE 100 - SE

_ I t=0.44;p=0.672 I
g 80 -
Ay 2 ANMIE g0 |
(FER, %) 2 ! (FLR, %) 40 -
1 20 -
0 0 -

Medium Large Medium Large

ANMIDI™EE A7 A7 AMNMI™EHE A|BE| A7

> AT ZE A 7S 27[0f Her A 1E FE, O|FE0 2 Xt0]7F gl A= LIEHH

- EEEnea

-, Ergonomic Design
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ORrNWAUION

1=
HU Hr
|.|-|

oRrNWhUITON

> A|MD™HE A|EO| 37|7} large Y, T2HA 0

=5 Euzidia
Gy MBI SE

Medium

Medium

Large

© IsE

Large

rorx

I TE

29

H 1

orRPNWhUOION

orRrNWhUITON

Medium Large
T sE
® ©
Medium Large

Z H74I 9F 10% =7 LIEHE
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(1/2)

]

—

.
(@)

Q F=)1f continuous

o 7O I}
X
o

H
=

EH
=]
H A

—

E9j

AUAEE Al

—

2 A|OFAAF Aol A 2| E(FER < 33%) ZtCh X[ H 2

°sg

_|

X
(@]

al

_I

—

A

YEAE2E OlEE)S SAIO| AHER
p =0.242)

O AMI™ M=EHIE 98) discretedt B
v Al

Q ArSA[OFEALZ |0 ArS K

O
ol
=
H

O
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30

1

Good, steady fixation
¥

BInKkS

7| & AOFBALZ| 2| gaze graph

e

Large eye deviation

+10°
e

EgIngea

il
$0Y) aloiziciZein)
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2/2)

Humphery® MatriixTM A S ESHA
CLEEESEES
O OtAl: B 52| AOFFA AAZE Tkl = 50 FEE= AlZ4A I = Off gt
I Ee
v 7| E AMOFEALZ[| B2 AAF 2t E 2 Cror Hi A8} BTt Qi A 1™ E
AMEE @It passive fatigue & 7Hs(May and Baldwin, 2009)
v HAEl= A B2RIE Rl =2 ZAE0|= 3l &40 oot O HAXE fatigue &
7ts
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% 917

Q A|MIZEE AR IHE =2 D2 A
v =9 O[22k F7 #H: electro-oculogram(EOG; Ohsuga et al, 2007), percentage
closure of eyes(PERCLOS; Ji and Yang, 2002), && 2| &4 (pupil diameter;
Taptagaporn and Saito, 1990) &
v AMOFEAN Al REEE = O 22| HEA HIF A+

v A|OFHAIAIS| HIZEEE 115

of Mg AOFHAN Al == AT

=
o

7

SMI InSight™
Driver Monitoring
System

Tobii 1750

. J
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