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ABSTRACT

Glaucoma is an eye disease in which the optic nerve is damaged, permanently
impairing vision and progressing to complete blindness if left untreated. Unfortunately,
there is no optic nerve regenerative therapy. After early detection of glaucoma,
continuous management and treatment is need to prevent blindness. In order to diagnose
for glaucoma, it is needed the results which are founded optic nerve damages in structural
and functional measurements. Visual field test is a key examination for testing the function
of optic nerve through automated perimetry which is measured the damaged loaction and
degree on the retinal nerve fiber layer (RNFL). To obtain precise testing results, it is
important to fix examinee’s eye on fixation target for testing time, however the existing
perimetries don’t have any gaze fixation induction methods. Diagnosis of glaucoma is
needed comprehensive considerations of the results of visual field testing and structural

measurements, it is possible by glaucoma specialists who have a lot of knowledge and



experiences in the clinics. Therefore, it is necessary to develop ergonomic gaze fixation
induction methods for better reliability of visual field test and glaucoma diagnostic model
for precise diagnosis of glaucoma.

This present study is intended to research ergonomic improvements of diagnosis
of glaucoma based on visual field examination. First, in order to effective visual field
testing we developed the gaze fixation induction methods by changing size, flash rate, and
shape of fixation target and conducted experiments for performance and subjective
evaluation. As the result, fixation loss rate(FLR) of medium(angular subtense = 0.43°) size
of fixation target was less 41% than that of other size of ones. Then, FLR of flashing
dot(10 Hz) is less 11% than that of medium one. The reason was identified less
concentration caused by the size differences between the size of fixation target and that of
visual field testing targets. Because the flashing dot provide constant stimuli to examinee’s
eye, examinees can concentrate on the flashing dot during visual field testing.

Second, new glaucoma diagnostic model(PD/G-SVM) was developed and
validated by using pattern deviation (PD) as learning sample and applying Gaussian
support vector machine (G-SVM) to classify test smaple, considering glaucoma diagnosic
process in the clinic. The performance of ROC area (0.95) of PD/G-SVM is better than that
of ROC area (0.91) of existing research diagnostic model which was used threshold
sensitivity value(dB) as learning sample. Because the function of PD is to highlight

localized visual field loss, it is being considered as more important measure than threshold
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sensitivity value(dB) in the clinic. Missclassified samples from applying PD/G-SVM was
classified by using vertical cup-to-disc ratio( > 0.713) as cut-off. Consequently, the
accuracy of final glaucoma diagnostic model has improved about 2% more than before.

In summary, the reliability of visual field test result is increased by using flashing
dot for fixation target. The performance of glaucoma diagnostic model developed by using

important factors which is being considered in the clinic is better than otherwise.
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1% 2-1. Humphrey® Field Analyzer

AALZE LED AFrelA yeos ol Ades A A7 Al A AAR
Aob§l el A9 eA R AAEE 58 9719 dot(e) FE] ARl
gt ALY WkES Fete] AlAl7 o] Hhlell thEk threshold sensitivity value
(TSV, dB)7} ZA W= FHAtelth AlokAAbE Al B7le IHAS] A
wrlo] g TSVEB)ES AEstu aIHor HEH 5 JrE 7N
algorithmol]  ola] =AY AAFE= AlxS B¥7|E 24d3=  algorithm
G AEY] WG ol o] wel Birle] WstE Fu WUAlS A&l don
o)

Helol 2kl 7F hvk. HFAC

threshold, 72|31 FastPac™o] EAlxlo] ot} <lAle A= SITA Standard™

algorithmo] = AR&-¥aL Qlth Al BH7] 24 algorithmel] o3l #HZF 2784

15



AR el TSV(dB)= v AARARS] RS adste] T AR A Alok
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N
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Single Field Analysis Eye: Lett

Name

ID: 0% ERROR
Central 24-2 Threshold Test
Fixation Monitor: Gaze/Blind Spot Stimulus: 1ll, White Pupil Diameter: 4.5 mm Date: 09-10-2004
Fixation Target: Central Background: 31.5 ASB Visual Acuity: Time: 8:11 AM
Fixation Losses: 0/19 Strategy: SITA-Standard RX: DS +1.25DC X 165 Age: 69

False POS Errors: O %
False NEG Errors: 4 %

Test Duration: 07:38
Fovea: OFF
z Ot =
2 17 9™ 17 16
2 n { 3]0 2 14 3
5.3 2y 0 18 0|9 13 2 17 9, .
% © 2 3 |® 2 B 12 13
% 16 20 [25 20 16 6
w o192 8 o2
20 7tr7T o1
-3 -28/-7 -6 0 -5|-3 -3
=7 =11 =200 =11 =12 -3 -§ -16-5 -8 -0
-6 =18 =32 ~27|=31 =9 -15-25 -3 -15-28 -24|-27 5 -12-22 GHT
-7 -12-2|-23-18-10 -12 7 -4 -9 -18-20-15-7 -8 -4
Outside normal limits
-1 2 1[0 -4 -5 -17-13 2 1 2|3 -1 -2 -14-10
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-16 =12|-8 =22 -6 -2 -13-8 [-5 -18-3
= BN It A I MD -12.35dB P <0.5%
! ! PSD  8.72dB P<05%
Total Pattern
Deviation Deviation

i < 5% Discoveries in Sight

g<2% Devers Eye Institute

B<1% Legacy Clinical Research and Tech Ctr
W <05% 1225 NE Second Ave., PO Box 3950

Portland, OR 97208-3950
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Where, S, variance of the normal field measurement at location |
zi, normal reference threshold sensitivity value at location i
xi, measured threshold sensitivity value of test location i

m, number of tested locations (excluding the blind spot)
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Where, S%, variance of the normal field measurement at location i

zi, normal reference threshold sensitivity value at location i
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xi, measured threshold sensitivity value of test location i
m, number of tested locations (excluding the blind spot)

MDyra, mean deviation
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olgxlel % AAZF WexHm 9oy FEHrF desta, WEh gle

AALAFE AlxE Qe AL " 5 o] AdE= HARRE §¢t

2

Aoz AAS AAATIZ] ofHu AlopAbe] EE FHI)l HFAE

ZEste] 4709 B AlobAAN Y] AL Wl FY

1%
o,
i)
i
=3}
FN
o
=
o,

=]
RN

o

HFA<} M700(Medmont International Pty Ltd., Australia)= yellow dot 3 El¢] LED,
AP-5000(Kowa Company Ltd.,, Japan)= red dot¥HE]®] LED, Humphrey®
Matrix ™(Matrix; Carl Zeiss Meditec Inc., USA):= black dot&Eje] Al X4 &
A7} Zh 72 ARE-E AL ) A TH(Carl Zeiss Meditec. Inc., 2005; Carl Zeiss Meditec. Inc.,
2003; Medmont International Pty Ltd., 2010; Kowa Company , Ltd., 3 2-1 3X).
gy 712 AloRgA el Bl A RAE AlEES 54 Ao Uit
Azt s W AR AHFE ALHoR T F e WS

7N

e

2
%2

5o} QA g Ao sotsln,
NE ABARIA BUES AdTY  FEwEe A o
Aol ALE teto s ¥ RUHY b 3 292 9Asa Q)

Mo wrh SEHOE ANIAS FET F Q= WHel el Basu

PlEH AEA b A1) HFA

rr
oft
ol
1o

2A°ls ZUE® 3= eye monitoring

system¥ & F2US FASt aHZ FJEHE AFH(E AlTshe gaze

=
ol
L
K

tracking system< ©A]dlal 9l o™, Matrix:= eye monitoring A]2~Ela &z

o
d
ik

2UTh Eye monitoring system AAZF RUE R Jhselal MRl AFREA

AFES AFdtal QA %L, gaze tracking systemell 9] & A& ¥ = AA7E

21



Az
AR =R Humphrey® Field Analyzer M700
AXLZE AR Red dot Black dot
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3 2-2. HFA9] gaze tracking system¥} Matrix2] eye monitoring system

® ® ™
Name Humphery Field Analyzer Humphery Matrix
Gaze tracking: #AF A2t | Eye monitoring: ##}2]
Al &4 fIAE HH s ol AH s 1y
Method sl "ozl A&7 54 A7 92 M
A5H 0% FH ol olubEA BUHY h=
graph= el = WY e
ﬂ ﬂ 30-2 Threshold S @] m-"_._ iA
-m- B I . B
o= = = P B
Test screen — | = g %]
- || - i = =
:h_m :;%Eami S e ) _ 3 |
Large eye deviation Good, steady fixation
+10° /
Result ”cl—v—r—jmrrw—ﬁr—-—-ﬂ-v—-r-‘r—“-mr—n———n——r-r—- -
BIinks/v
Fixation | eye monitoring o) o)
Control -
fuction | Gaze tracking o X
212 AH FES AT AAH Fo 4= AT

AAFE FRATEFE AokEARY] AARAE AIETR T
AFETVSE QAR A7|(size), HBZL(flash rate), L2]al & El(shape)=
AAst. e AloREANE AE A FR e g VS A
FAstd o Tt SolA FoE v A4 add o
Zrol) @il Sanders and McCormick(1993)9] A7 =ZE=3t 94 FoA <
FEle] A7|(size of forms), el HHAZ(flash rate of lights), 7]3}8+4

& el (geometric shape), 22 B} 7] (brightness of lights), 73 A}Z}(angle of inclination)
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Factors Attributes # of levels | Preferable limit
Size of o )
- Use only when specifically appropriate 50r6 3
forms
- Possible use in combination with controlled
Flash rate o
. time interval - 2
of lights

- Use to attract attention to specific areas
Geometric | - Good for CRTs

o 15 or more 5
shapes - Shapes used together need to be discriminable
Brightness )
) - Weaker signals may be masked 3-4 2
of lights
Angle of |- Indication direction, angle, or position on
24 12

inclination | round instruments

of

o 84t AAH FoE F F dval sAT(EE2-3 FAE). ol
AH g o s, Woodson and Conover(1964)+= 3 ~ 10 Hz =2 HH3t=
AETS AHESH AL e FoE & 4 dvkar Haskglal, Connors(1975)+=

NASAS] &37] F=W A A|~H(collision avoidance system, CAS) 7Y 7]

]

naAeld Fuss wol Aol AME fFEste] A4 FFE AT
Wl AEgend @37 FEe WA anE 2ie Fysad.

NeFAE w17k e ARE AN gete] do] dd 97EE S4as

24



AGrgo] izt A= vz 5 Aok 3A, 71 A= AlekdAL

EAH 2o Baskaran et al. (2012) WA AXFE FAES HAEE
ZH] el Cirrus high-definition optical coherence tomography (HD-OCT, Carl Zeiss
Meditec Inc.)ollX SAHE AAAE 7 WA AFS HolEE  linear
discriminant analysis (LDA)<} classification and regression tree (CART) 7| S
AREste] et S Qbs st RYS Ajbstar s Ml ®Ut
sttt Townsend et al. (2008)> A 4174 7 @El= FALsk= 1<l Heidelberg
Retina Tomograph 1I(HRT, Heidelberg Engineering GmBH, Germany)ollA =7 ¥
olul x| &4 of linear discriminant analysis(LDA), linear-support vector machine(SVM),
Gaussian- SVM, generalised additive model (GAM), Gaussian 2 =}7} 118 %

generalised linear model(GLM-Gauss), ©]& @ =}7} i1# ¥ Generalised Linear Model

(GLM-bin), 18] recursive partitioning and regression trees (RPART)E A}-83}¢]
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S e 2Es detal HEskelth Chan et al.(2002)¢]  ATtoll A=

Rl

AloEALe]l TSV(AB)E AF-&3Fo] Multilayer perceptron (MLP), SVM, LDA,quadratic
discriminant analysis(QDA), “L2]3 Parzen Window & U3t A4 7|9 &

Agote] HUES ERSIATHE 24 Fx). 91 37HA AFelA e S

A

Pz

-

e
td
ot
rlo
2
[-'E
)
lo
fu
oX,
olr
-
o
%
ok
posy
™
(@]
(@]
[y
P
(@]
<
=]
Py
@)
(@)
QD
@
QD
\Y
(0]
N
S
o
fr

A, QTA A, oboh 7R AA A, aea sy A4 dnE
T I ARE Agstel Hud AuRG Aud dTAE Hug
Ade] tgE ARE FEHoR ;esm govt Ha AN Hh3
ko] FQ3elA &8&¥= HAERE ARESI A LUt Wroblewski et al.

(2009)> HFA Ao A3k S TSV(@B), <l7shd  AHu (o], AH),
A HAFAIHIOP, CCT, CDR), 18]a 7}5#HS AFE3Fe]  support vector
machines(SVM)7| H& E3 A4S 731904, Park et al.(2001)& <1+-8H3
Ax (o], AE), <tabAA AIHIOP, CCT, VCD, CDR asymmetry), Wi AL
AIHHRT classification), 2|3 7}52S AF&3Fe]  multiple  regression
analysis”| & &l S-S EFSIATGEE 24 Fx). 2 el A suE
kel F8skA aEEE AloRaAF A<l pattern  deviation(dB) g K.+

ARy Jhdel] ARgstar A @2 Aoz getH vk wEbA, el



al g

Aol A=

Pl throlA e Al

S

Foll Al S8

=77t 7hs

7}

=
T

QB FH = sampleZ5-H

& 7

¥ A

]

7

=
T

i
‘_lr_y!

hSS
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3E 24 71 5 AGRY s A4t g
Study Classification
No.
(year) LR A4 714 A 4% @7
OCT results
Baskaran et al. o AAb
1 (normal, n = 508 eyes; LDA, CART ROC area: 0.89 ~ 0.96
(2012) ZArjo ] d&
glaucoma, n =184 eyes) °© =
LDA, linear-SVM, datath A}-8-3he]
HRT images N
Townsend et al. g Gaussian-SVM, GAM, Accuracy Hekrs] st
2 (normal, n = 60 eyes; ) Normal/
(2008) GLM-Gaussian, - RPART: 87.5%
glaucoma, n = 140 eyes) . glaucoma
GLM-bin, RPART Al A =
ROC area =293
Chan et al HFA results: TSV (dB) MLP, linear-SVM, Gaussian- Linear SVM: 0.893 Al g5t
3 " |(normal, n = 189 eyes; SVM, LDA, QDA, Parzen ] S e HARE T
(2002) ) - Gaussian SVM: 0.914 s
glaucoma, n = 156 eyes) Window A X
- LDA: 0.824
Normal/
. Age, gender, IOP, CCT, CDR,
Wroblewski et al. L glaucoma [Accuracy
4 2009 family history, TSV SVM, GLI d |- GLI 75.0%
(2009) (n = 2,017 eyes) sluspec TR P Aol A =
A der, VCD, CDR — el 585k
e, gender, , ,
%9 o neEE Aards
asymmetry, HRT classification,
Park et al. . L . . . Normal/ AFE X
S 10P, DM, P100, retino-cortical time |Multiple regression analysis Accuracy: 60.0 ~ 70.0% ©
(2001) glaucoma

(normal, n = 49 eyes;
glaucoma, n = 49 eyes )
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e 37|(size)
« MH=ET(flash rate)
» HEl(shape)

+ Small(A|OFZ} = 0.229)

* Medium(A|OFZt = 0.43°)

« Large(A|OFZt = 0.86°)

» Very large (A|OfZ} = 1.72°)

* Steady
» Flashing dot(10 Hz)
* Multiple shapes

s AMHAF RE
(fixation loss rate, FLR) £
s =D OIED B2

(AHng &old = O2k)

a9 3L AR R L 2 B aTast

7123 Connors(1975)9] <AFZATE wigoz A7, HELEE, FH 8x

il

gdgate] A FEEHS JEekgith. Sanders and  McCormick(1993)<]
A 244 3E3t Q4% A7 HVFAA AREE I e AR A7]E xSk
small(AloFZt = 0.22°), medium(A]©FZ} = 0.43°), large(Al ©FZ} = 0.86°), L& 3L very
large(*1 k2 = 1.72°) vl 7FA Z71¢] AH AR A= A A THIE 3-2a

Fx). AEEEe g 8428 @&t HEHETE 10 HzRl dot(e)d F A7k
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£ 2 shapeo] WO - % — € - & - MFHE AXMIALE AFEE
medium=L7] = Aztste] AldE st sl AEA RS AEESEe
AR RS AE AAZIA(02% - 5 Hz)ETh wEv, dlo] HAFow
1A 5= I A-§ g S (critical fusion frequency, CFF > 30 Hz)o]ale] &%= 9

el A 10 Hz= A sHATH L™ 3-2b =),

Small Medium Large Very large

(@ =71 ¥ A1 AE A3

L 2ndb Sl Sndh dadt
Steady Flashing dot (10 Hz) Multiple shapes

l:Ll
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olo
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™
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s

multiple shapes) =,

flashing dot, —1¥]aL

& €] (steady,

9}

, FLR),

loss rate

& (fiaxtion

o1

el

o
XM

]

3.2.3.

XE
!

—_

<M
o)

B

)

ol
wul
gl

jpuze)

A

50th o] @y 7t 107 (7]

=

=
[¢)

e

X
B
=
=

~

Hr

oAtz Aedh(2d 33 #x).

e

5%)<

—~

Z

Flash & shape

Total

10

10

539+ 19

53.0 £ 2.7

5

5

541+19

53.8 £ 2.0

5

5

n
(@)
wn
+
c
o)
53
b=
)
S
c
o}
O]

Female

Male

L+o
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AF PC, AloFEAF &9 # AlET7F AlAEE 27 inch
monitor(Shimian, Achieva Technologies Korea, Inc., Korea; pixel pitch = 0.233 mm),
A G ate] ebw s}t g-¢to] AR Aol nAHEE &47] % Ultra
Precision Head Positioner(Arrinton Research, Inc., USA), Z1&]al A&z x}7}

AA == Alsgel dal] dAolR-E dHT & UA=SF keypadZt ARE-E ATHLH

Head
Positioner
(Arrington
Research
Inc., USA)



a9 36, Al H7F Z 2 13(right eye)

e AMdEE Al des Hrietr]l 9 AdnA ot

3 2 713 (Gaze fixation testing software, GFT siw)= Al A& AR S t}s}

r_u

glsto] AlopHALE WaAE = Qs ¥ 3-59F o] AFEIT. AE $1A
pattern< HFAS] A% 9] test pattern 5 A Udollr HEAHOZ ALLE I

AE central 24-2 patterneS 7|+ Oo® AXALAE AlE, AloFHANE AE, W
Al A71eF AAE TS GFT siwe] -5 Aw s do = Alg e zle]

olFF dol7t 7FHH, dEa HARKS: A9 5 vk F RA =
Ll

A AEY 75 gy HAd == dErF " Ad1AE
AZE A8 F JAEF St A|A sidele A= AlEe] M3t
AAE A Q= AFEZE AoFEARE AlFE(normal, N)SIX] "3 Al % (blind  spot,
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poick el A

Al &= textbox,

°©

-
st

A=

-
st

-5-(response, R)©]

1

91 target location W&, A% B E, Z A7k FLRo] 22}

S N A e M
S M T ® ™ M Y T o X
) . T
E TR S < T T ®
Aode o & & ® o= B W
<R J Mo - w B —
™ ST B oy =
o 05 § L2 32 3 -
~ ™ © T Mooy L
A S e R
& oo+ mo =
-y 0w o B o
<o BT F o9 T e X
T e [ S
@n <y ow Mm 3 % ~ ML el
) ~ i —_ A
S % - 0w . o+ K <
- X 8 ® E = w3
o L= W = O mm
Pox oy B % W T b
0 S < N — 70
o - de o~ T o < oy N
@X ™ ﬂo X ol © 1__/| AT
& N OH ¥ B g B
B v ¥ oWm . % Ry T
< ~r w o T Y
3 ny d.l W_l < — < - o}
e f £ © M % N = :.L xr UT._
M T e © N
I B9 B X
) A S 3 TN e
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I R = I " T T
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3.2.6. ¥4

A wE wgselol st AlokEAll B@ olslg FURE Hom

AE F wed Ame FRez AEFANA 31 2E). RE AFAAATL

A AJORHARS A7 AN EJS o, W FF 138 FUhE=

n
SRT = ZRi A 3-1.
i=1

Where, R;= 1, responsed at i target; 0, otherwise
i=1,...,n,n" normal target

SRTE= Al A8 Ao A7) ¥ Ay Ao e Hat 87.0 £ 12.1(min.

o
)

=

Al a1

1o

ol
i1t
o

ol A

(e
o,
4

of o

= 50; max. = 100), FE& =} Fe A A

r
il

82.3 + 13.6(min. = 48; max. = 100)C.& UEGTH AlFE YXE W33
sordt At HAbdel AR a7he] AlEet WA e stk 2709 Azl

W W S5 @A WelPe sersdrh AW AE 4% BH Fu
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2l 3-2.

Al a7
# the responded blind spot

Np = # the presented blind spot

1 AR A7

[e)

T

7FE A

[¢)

3

AOFAAATE AAE

of o
Where, Ng

U

S

-
it

]

T

1 A

s
Ng
FLR(%) = — X 100
Ng

=
A o
<k

FLR)®] A}-&¥ 21Tt FLR
A A] ]

32 AZ). Ng

3.3.

Jo

e

Aokzia} Ate] 2%

=

=

7}(subjective evaluation)
o)
=

[©]

=

Ry

o] =717} medium 7]

it
39

ARG g A

z+o]z}e] SRT, FLR, 18|11
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=
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3.3.1. ZL7](size)
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F717F medium € W] 18.7% % 7FF WA yElgoy EAZFHoR #3
2ol & HolA = etk YA small, large, 2] 3L very large 7|9 AliE+&

77} 31.5%, 33.3%, L@l 32.9% % TAS A3}E BT AHd 1A

100 T~ 50 -
80 A 40 -
60 - FLR 30 A
SRT
o) 40 95.5 94.8 %) 20 J
20 A 10 A
0 T T 0 T
Small Medium Large Very Small Medium Large Very
large large
(@ SRT (b) FLR
(n=54; F(3,50) =.94; p = .430) (n=54; F(3,50) =.89; p=.454)
7 A 71
6 - @ 6 A @
5 1 T 51 T
MNP e T ' smzg 4 {[ L I
o(x-l)o 3 ®) 3 H
=) 2 1|42 4.7 2 4|46 4.0
1 A 1 -
O T T T O T T T
Small Medium Large Very Small Medium Large Very
large large
@ AlAdxA &el4d (b) ===
(n =54; F(3, 50) =1.08; p =.366) (n =54; F(3, 50) = .66; p = .581)

p
a9 37 AXTAE AR 27d 2AE Ay
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gol oA E mediumo] 51¥ 0 ® Al Aol 7P He Ao HriEon,

Hr

very large(5.0%), large(4.74), 18l small(4.23)s UEFSE T
Y 2L A= mediume] 37HCR JbF d2Er Ae Aoz wHEon,
large(4.04), very large(4.1%), 283 small(4.6%) wo= I2w7l F7Fste

Aoz YelHt & AL Axe] A7) FWAAE medium =79

3.3.2. A& X (flash rate)<} & el ¥ & (multiple shapes)

B A= 10 Hz2 83l flashing dot A £ A A1g Aol
I AP golAdol A EAHAG AAAH Fo a4 F
A S weste] HELEE7} 10 HzSl flashing dot¥t 571+ Hej= W ¥+
multiple shapes A|3%E medium =719 dot & Eli(steady)q! AlA -8 Ao}

Adng Bs

d AN oy, ¥z T IAR= Hrt APE

Bl WS ATH LY 3-8 FF). FLRS A4 3144 AlE7F HAH38l= flashing dotd )
50%% 71 WA UEls oL steady(5.6%), multiple shapes(10.6%)$} £ 714 o=
frolgh Aols  HolAe= &%tk F3F wSx 9y A, AdnA
goldol = flashing doto] 56F = U steady(4.4%), multiple
shapes(5.2%)H| 3l =A YEI o FAHSR folgk Afo]E HATHF(Q, 45) =
3.30; p = .046*; *, p < 0.05). Two-sample t-test= E3] A% FIFHE EA 4 zo]=

A% A steady Al 3Ll Y]] flashing doto] S A o2 f-2] 3} A
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100 f 15 -

80 A
SRT 60 1 AR 0 @
1) 40 - 91.9 93.6 (%) ] I 1
20 - 5.6 5%0
0 T T 0 T T
Steady  Flashing Multiple Steady  Flashing  Multiple
dot shapes dot shapes
(@ SRT (b) FLR
(n =48; F(2, 45) = .69; p = .505) (n=48; F(2, 45) = 2.15; p =.128)
7 - @ [ @
6 A < 6 A
5 1 5
M T _ T T
sos A1 s ] :
@ 5144 56 = 2] |45 4.4
1 A 1 A
O T T O T T
Steady Flashing Multiple Steady Flashing Multiple
dot shapes dot shapes
() AlAdxaA gold d) * Iz
(n =48; F(2, 45) = 3.30; p = .046%*) (n=48; F(2, 45) =.10; p =.904)

O 38 MG AEAIEe FHRE Al A A

A A gol o] wolyk A(t(23) = -2.44; p = .023*; *, p < 0.05) 2. & L}E}IT) i
2% FHAME Al 7HA AERFYE BT fAEH ot 202 FrbEdoh

)
-
FLR, A/d A golA, & I2%s 2% u8PS u, flashing dote] A A
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F4e FAsGT BAG WA 28 BF 54% BES] AF S
AerEge Agatar

4.2.1. Input: WA A A=

(f

2 ATl A= AloRHAL A mel A A EFete] 145 sampless
=g A st 8t A A, AoFHAL AFE = threshold sensitivity
value(TSV, dB), total deviation(TD, dB), “L2]iL pattern deviation(PD, dB)

Z S5l raw test resultse} MD, PSDE &3l global indices® -/ ¥ o] St}
TSVE AloRAL A AlopALE AR flAlOA AAH = 9Fe Wro A%
= A A7 B e Ha ) FXolh TDE TSV HFA I-iol
WaE gAARLe] s A3 normative databases}o] =bolZ, ¥ ALRLL]
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Zste] vFetA 39 data setoll wEl A2k (accuracy), W 7HI=(sensitivity),
E-o] I (specificity), 12|31l Receiver Operating Characteristic (ROC) area #to. %
A E Qeh 14570 9] datat ElE Fl(test sample)S w2]3}7]ol sample2)]
F7b FEEA 2o 5fold cross validation WHS Z-&3dte] AA AH
155 H2E RE o2 45+ FHEE(train sample) > = random samplingS- &3l

AHEHEATH THEELS linear-SVM, Gaussian-SVM, LDA, BLR, CART7|WH-<

Hgste] BRFHOR WED HiE mRel sl RIS Hese

=03 AA A5 2385t FAo] 7153 8 L (learning sample) <
Ao = linear-SVM, Gaussian-SVM, LDA, BLR, CART7|HS Z+7z; 483 Ay}
3F 4-3% S AT AolE Fdsin. AokHAA 23 F WS PDE
o2 3dto] Gaussian-SVM 22 & 73 TR (PD/G-SVM)l A=
JE&Ee} ROCarea SHNA ATl 7 78 F(HEE = 87%, ROC area =

0.95) 0.2 uElYEtE Global indexet 944 A EZ FAE SE5EES LDAR
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I 435U g 2y A4 v
Data Input Process Performance
category variable n o (model) Output Accuracy (Sensitivity |Specificity ROC
(eye) |variables area
Linear-SVM 0.77 0.68 0.87 0.82
TSV Gaussian-SVM 0.85 0.80 090 0.92
LDA 0.65 0.64 0.68] 0.46
Raw test Linear-SVM 0.76 0.68 0.84] 0.80
?gguﬁs ™ 52 [Gaussian-SVM 0.84 0.79 090 092
LDA 0.64 0.62 0.65| 0.67
Linear-SVM 0.84 0.76 091 0.8
PD Gaussian-SVM 0.87 0.81 0.92 0.95
LDA” 0.66 0.63 0.69 0.71
Linear-SVM 0.84 0.73 0.95 0.91
Normal
Global | MD,PSD, | 145 Gaussian-SVM | /qiaucoma | 0-74 0.74 075| 081
age, gender, = g
it VA 1OP 8 LDA 0.61 0.94 0.28| 053
Clinica ' ' *
e CCT. VCD BLR™ 0.84 0.78 0.90| 0.92
CART 0.86 0.85 0.87| 0.88
Visual Linear-SVM 0.83 0.74 0.92 0.87
field | PD, MD, PSD, Gaussian-SVM 0.84 0.89 0.79| 091
resully | 2e, gender, 60 LDA’ 067|  062] 073] 049
+ VA, IOP, i
clinical CCT, VCD BLR 0.67 0.60 074 071
index CART 0.85 0.85 085| 088
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(o3

5ol 8onolAoz EN} PDIG-SVME Aol HEZA 58 Aow

sote] UH(E 44 FE).

¥ 4-4. PD/IG-SVMXEE 2] cross validation

No. Da_ta set Performance

(n = 145) Accuracy | Sensitivity | Specificity [ ROC area

1 T 0.90 0.82 0.94 0.92
2 0.86 0.93 0.80 0.92
3 0.86 0.78 1.00 0.98
4 0.79 0.67 0.93 0.98
5 : : 0.90 0.81 1.00 0.87
Mean 0.86 0.80 0.93 0.93

SD 0.04 0.09 0.08 0.05

Min. 0.79 0.67 0.80 0.87

Max. 0.90 0.93 1.00 0.98
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¥ 4-5.PD/G-SVMol| ¢]3t &7 Ay}

AA WHF
= A% Al
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151 T}, Baskaran et al. (2012), Townsend et al. (2008), ~22] 3. Chan

7] &

2}

=

3

[e)

Z}z} OCT, HRT, 18]il HFAS ¢

1
T

Aol A

(2002) 9]

et al.

AR AL

5]

A7 At} Wroblewski et al. (2009)<}

i3

-
T

b Aol

41

=1

1
1

al.(2001)

et

Park

1

[e)

o}

AL o 24

HA

+od

Gaussian-SVM 7|HH S ALg3

+ PD=

o]
2R

&3t

VCDE o]

al

TH

ﬁo

el
JJo

Aol

S

A3 7]

g

o
o
o

58



¥ 51 s e 23 A

SH) (- A5+ vs. Chanetal., 2002)

. Study Process Performance
Variable — ——
(year) (model) Accuracy | Sensitivity | Specificity | ROC area
Chan et al.
- 0.66 0.85 0.89
(2002) Linear-SVM
2 A 0.77 0.68 0.87 0.82
Chan et al.
- 0.78 0.88 0.91
TSV (2002) Gaussian-SVM
i 0.85 0.80 0.90 0.92
Chan et al.
- 0.58 0.75 0.82
(2002) LDA
oA 0.65 0.64 0.68 0.46
Linear-SVM 0.84 0.76 0.91 0.88
PD oot Gaussian-SVM 0.87 0.81 0.92 0.95
LDA" 0.66 0.63 0.69 0.71
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1

B2 A S0 A4 AR89 sample size

Normal vs. Glaucoma

EBFmEM
Normal Glaucoma Total
Gender F M Total F M Total F M Total
4.4% 2.8% 2.3% 1.4%
10s - - - -
2
8.9%
20s
(4) 2
17.8%
30s
® 4
40s 19.2% 6.7% 11.3% 6.1% 4.9% 5.4% 11.9% 5.8% 8.3%
3 2
Age [
on 20s
60s
""" 3.8% 1.4% 21.2% 4.9% 12.2% 13.6% 2.3% 6.9%
(¢H) @ (0] @ (C) ® @ (10)
. i ) i 15.2% 6.8% 8.5% i 3.4%
©) ®) ® 3
Total n 100% 100% 100% 100% 100% 100% 100% 100% 100%
(26) (45) (71) (33) 41) (74) (59) (86) (145)
Mean + SD 55.8+10.7 01 49.0+15.2:51.5+14.0 | 62.9+14.4:56.2+11.7 : 59.2+13.3 | 59.8+13.3 1 52.4+14.0: 55.4+14.1
Min 29 13 13 29 27 27 29 13 13
Max 75 69 75 82 79 82 82 79 82
40 a0 40
35 35 35
30 30 30
25 25 25
Histogram 2 I 2

15
10
5

15
10
5

15
10
5

o
10s  20s  30s  40s 505 60s  70s 8Os

o
10s 208 30s 405 50s 605 705 8Os

o

10s  20s 305 405 50s 605 705 8Os
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5= B.PD/G-SVM R&°o] QXE5F sample
=g | 44 ,
= | m= |Subj| I Name |Age| Gender | Eye | VA | IOP |CCT| VCD | HCD | CDR | OCD | MD |PSD
16| 114108| A/=9 | 39 M 0s | 10 13] 501] 0759 0695 0.727| 0.800| -2.05 1.98
18| 132536| Z=#0f | 53 F os | 09 15| 514 0491 0450 0471] 0600 -4.02| 1.66
20 145168 ¥E% | 57 F os | o9 13| 517] 0742 0795 0.769| 0.800 -1.81| 1.73
41| 629781 2|2 | 79 M 0s | 07 15| 534/ 0702] 0629] 0665 0800 -0.22| 1.74
siar | mupm |43 641008 M9 | 55 M os | 10/ 20| 536 0500/ 0.520] 0.510| 0.600| -1.05 1.9
e 54 789305/ o|&tLt | 64 | M | oD | 08 19| 546] 0.290] 0468| 0379 0300 -6.3| 1.92
79| 1210527| 8tE< | 60 M 0s | 08| 29| 556 0642| 0610/ 0626 0609 -0.43| 2.09
121| 2189487| Bje3} | 35 F 0os | 06| 24| 511 0562| 0572| 0567 0722 -1.01] 1.77
124| 2432361 AlO|3} | 46 F os | 09| 22| 577| 0564 0415 0490 0.569| -147| 2.27
128| 2487089| 122 | 58 F ob | 08| 14| 562| 0381] 0527 0454 0.294| -074| 1.86
36| 594555| Qa3s| | 68 F ob | 09 17| 521] 0609 0587 0598/ 0700 -5.11| 2.89
=L | ™A 86| 1406004| 282 | 63 M | oD | 09 16| 533 0691 0677] 0.684] 0.806| -7.24| 4.49
91| 1486350/ 0|22 | 54 M os | 10/ 18] 610 0561 0539 0550 0.543| -2.27| 2.85

VCD > 0.713
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E= C.PD/G-SVM E&2l QEF sample 54 4 (2AEF: 53

o HE ZWE(n =74)
\_csvmzmuz B4 =10) SUE (" = 64) tvalue | AV
Variables Mean + SD | Min. | Max. | Mean £ SD | Min. | Max.
Age (yr) 50.9 + 13.4 35| 79| 54.6 + 4.0 271 82| t(12)=-1.22 D= .246
VA 0.8 + 0.13 06| 10/ 08=+0.18 04| 01| t(15)=-.18 p = .857
IOP (mmHg) 16.9 + 3.7 13| 29| 184 + 5.4 12| 28| t(10)=.87 p = .407
CCT (m) 526.6 + 42.8 501.0| 577.0| 535.4 + 24.8 444.0( 627.0] 1(18)=.93 p =.365
VCD 0.674 + 0.123 | 0.290( 0.759| 0.563 + 0.154 | 0.377| 0.996| t(10)=-2.17 p = .055*
HCD 0.620 + 0.102 | 0.415| 0.795| 0.568 + 0.118 | 0.350| 0.820| t(11)=-1.31 p=.216
CDR 0.647 + 0.095 | 0.379| 0.769| 0.566 + 0.127 | 0.364| 0.813| t(10)=-1.93 p =.082*
OCD 0.738 + 0.153 | 0.294( 0.800| 0.609 + 0.188 | 0.252| 0.986| t(10) =-2.06 p = .066*
MD (dB) 851 + 566 | -6.30] -0.22| -1.91 + 1.88 |[-29.23| -1.60| t(40)=7.13 | p< .001*
PSD (dB) 8.27 + 427 | 1.66| 227 1.89 +0.19 | 2.09| 16.33| t(64)=-11.86 | p< .001*
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% D.PD/G-SVM X g9] 23 sample 57

HHEF Bedn=71)

p-value
\_csvmzmyz S = 3) HAH(n = 68) tvalue | oy

Variables Mean + SD | Min. | Max. | Mean £ SD | Min. | Max.
Age (yr) 61.7 + 7.1 54| 68| 511+ 14.1 13| 75| t(2)=-2.39 p=.139
VA 0.9 + 0.05 09| 10| 09+012 05| 10| t2)=.01 p =.991
IOP (mmHg) 17.0 + 1.0 16| 18| 19.0 + 4.3 12| 34| t(2)=2.54 p = .044*
CCT (um) 554.7 + 48.3 521 610| 542.8 + 34.1 4741 621 t(2) =-.42 p=.715
VCD 0.620 + 0.066 | 0.561| 0.691| 0.538 + 0.103 | 0.329( 0.713| t(2) =-2.06 p=.176
HCD 0.601 + 0.070 | 0.539| 0.677| 0.550 + 0.109 | 0.268| 0.770| t(2)=-1.21 p =.349
CDR 0.611 + 0.068 | 0.550| 0.684| 0.544 + 0.100 | 0.299| 0.719| t(2) =-1.63 p =.245
OCD 0.683 + 0.132 | 0.543| 0.806| 0.541 + 0.162 | 0.146( 0.800| t(2)=-1.80 p=.214
MD (dB) 487 + 249 | -7.24| -2.27| -1.47 + 1.68 | -7.5| 2.25| t(2)=2.34 p=.144
PSD (dB) 3.41 + 094 | 285 4.49| 1.74 + 045 | 1.06| 3.17| t(2)=-3.08 p= .099*
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