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Toshihiko et al(2019)2] QL[6]o] T2 w L7k QhxAME S o|&s) A&7} 0]%
S A&stY=r], 37849 o|u|X|S AMLsFYTH 256%192
Atolz2g2 £sHo] ARESICD 0-1 Ato]9] gto=z A tslstict. Holg 54 &

271, WS ol atgT E4 Holeg 188 S7AIZT
ST A7 @AEe UMl o #HL WSt RACH: otk 2A%

a) Qo= EdrAd =hdtd-F(Idiopathic macular hole)[8], SO0FEA
rat d¥ha](Rhegmatogenous retinal detachment)[9], A4 9t (Retinitis
pigmentosa)[10], W2t EX] AuWH2f(Branch retinal vein occlusion)[11] AIth
oJLESo] Qith ZoiE]A Tiub ura] HE0] HQ 96x96 Alo]xZ o]0k 2 FO]
AFgstgion], 1 elo] AoHL 256+192 Atolze] ofu]x & AMgsler}. 77t

5 A7 A4S of 8o £ dlolel2 FFstEon], 1 9o APolML 188 &



o] QJo|= Hemorrhage screening[l12]1t ©orAXRPH A (Retinal lattice
degeneration) 7Z4&[13]o] 9Jt}t. Hemorrhage screening -9 73% <F 19t 7
A g9 AMKlE ARESIOT, 512x512 Ato]2=2 Zo|yw mESRet A2H0~1)F Al
Yottt tole 5445 ol&sl of b8 54 A9 oJulA]E &
HY2 2A99] 9] olsak 2o 90" A, Aot vhd, & ¥HAE o] 8ot
FHARHGY] A9 &3 HolHE VA2 U A5 AdsiRien, A 9
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Q
>

L guol goje] AE, £ WAl W olF, ad, WS o8& 57, uhx|gte
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2E A QU dlojE] 37 WUL 0§ ol 23 STk AL
U 2 99lon], WO dojEe] 47t RESIDE 57 WHe o8t A2
2 9tk E3, BE ATolA MUY BUS Fol dlolE S 2Ass] G2o) o
olel7t BElof 9lA] itk deln malgwel W AAAES YW 2EOR F

of AT Aol AHgEHTE e o 4 AN SiE A+ fck2 <& Dot &

A8 59 d Al
35 5 - t8d glolg =7} 4hd 3 dolg {E:23)

9] 274, v,

(<) _|}6] _
378 ol B wol= FIF, 184} 256 * 192
oy 56 N,
e — a o=
x 9] 24, 9H,
EdlA
sorel 8 910 CRIgLICIUS ESE of 8uf 256 * 192
suastl 5| AE 28 Parst
9ol &7, U,
=20 A
RO A 831 Ztob ¥R Ao 188] 9 * 96
%9 ue[9] woln ot
EY

ER e ]
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Fops x| 9] =4, urd

olote x

e 466 Zhup B A wo]x =7} 188} 256 * 192
o2 [ 1] S| 0% a

9 9 A5} b
Hemorrhage .
rhas 16,827 SR 90°), oF 5 512 * 512
Screening[12] a] £
21 "0
1) & 2 Ast ¥HAl,
g R(F]Th 90°).
ulotbA A oF
Oﬁﬁx}% 0[13] 5’606 ‘3#7] }_Ké - 5HH 512 * 512

3. SHAARR BHY g

GANZ o]&3r 4vl ARl /g dA+4ls tHEE EE ARil(vessel tree)2 O]
Q.

o

o}, &t AFAl gjo|EE F7}&2 o|&sotil, image-to-image translationg At

83 @ Aol AL HAR 5 U8 RIS @A Vanilla GAN)
4L olO|X]|E gAst= Aol [ 2]t 11, image-to-image translation&
ol g3l ojulxlS FASHE WA (23 3at 2o

z G Fake

Real

[(1F 2] Vanilla GANS 0|82t o[0|| gfd Xy




2= et
rAre

rer
=

Aﬁ G » Fake

—

2= et
A

[Z1F 3] image-to-image translationg O|&25t O|0|Z| gfd 1Y

image-to-image translation?] 739 of& ALK& 7
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hu

wakstL A}
Ae 574 splo] g}Eoz W, Zolxls Lol WISE £ % oy AE
o] ARt WEAZ|L WS ojuldih, Ayt AAbHle] A9 B Ablut o
AAtAlo] @7 EAjste Hlole A7} 9lon], tiyE dolAs sy HlolE A
ol g%itt. timA.o2 DRIVE[14]et STARE[15] Hlol&] AlE7} ERjEC)
DRIVE ©loe] AlEO] %9 oIqAAlal @@ Abglo] 2b2b 40504 Exjstod,
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|
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STARE GlojE| MEL QtRAzlo] 204, & Apslo] 204 EAfgict. 2t HloEo]

afo] WEsto] 7|EQ] HlolE HES o MRS WP A A= o
ERJ3H}. (1 4}= DRIVE HlE9] tloje] % shpe] ofajolc},

[ 4] FaF ARIEF QFXAR (F4] - DRIVE[14])



Pedro Costa et al(2017) HH[16]oA4= @& AFXITp QFAAMLlo] Ao g &
5tz dlolEfe] o] Aol U-NetZ o]&sll E¥ ZF(segmentation)s F7H2
Aedstdct. s A-toM= AXAMIY F3 AR
(auto-encoder)E o|-&3fl ¥ AMZ F/dstt], GANZ o]gsll ARAIS &4
St &/ olu]x]9] 7= ISC(Image Structure Clustering)Z ©]-&3sF% 2
o, AAl U-Netol] € RIS 2o 2ol & HA=A ROC 415 ol &
s AaE Yetdllth ISCe olufx] 225 ARz F7tE 2 e HEzA

S|
ojgste] W FE2 AVl wiZoll sig A=E o]gsto] F

g

T+ @5, L&A

AAl U-Net=
7tE AedstRi.

John T.Guibas et al(2017) A 17]9-+= geometry?l photorealism©o 2 U}
Y AA7]2 LA5HACH geometry BHo| A= DCGANS o] &35[ i+ ARS8
’d5tal, photorealism Y£0]|A]= image-to-image translationg ©]-83dl QX A}
NS /st e U-Netz o]&sto] /g€ ofulxlofA AA| o] A
2 e =R AlSgstlal, DRIVE dlojEet A& A dd olu]A] 50483 ©]-&5f
F1 A48 Pttt 57t2 AA| ojujxlet FHH ojojxle] £x o] 3}7]
Qs KL divergence scoreZS ©|-85}t% T}

He Zhao et al(2018)[18]2} Talha Igbal et al(2018)[19]= @& AMXE S/dst
Al & ARLE X85ttt Zhaos= style loss?t content lossE THEQOT, A
< 49 golg &S o]&sl AAt et CPAAIS TSt A S
st 3 VGG YEYIE o]8&5l style transfers 59 O, style inputof] Tt
2} o|O]R]7} WL =2 THEQIC). style inputo]@ 7]&E0] QFAALAl Hlo]E] A Euf
o} QtRJAMZIQ] AR} EBIAR 7} ti2 02 Kaggle, DRIVE, STARES AMEisto]
o7 & £ Q). Hrie 23 2d(segmentation model)S o|&3af F1 A E

_}F‘
o=, UFES F74sto] Asion, T4 dAE EX2 . 4008 5 4059 A

-

Igbal® H]&5HA] AEFY WHek(style transfer)Z Aljsion, 7t 28 29
2 0|83t Dice coefficients(Fl-score)?t m™¥H7]9] AUC ROC(Area Under
Curve for Receive Operating Characteristics), AUC PR(Area Under Curve

for Precision and Recall)E o] &35}3iCt.
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Sangeeta Biswas et al[20]= @ AMXIL 0| 8&3}A] 11 QFAAMXIGHS o] &5}
of 97 MWt Y APoIAE DCGANS o83 ARG Tdata,
2771t ]9 S ST fls AAgrIer ®ETIY] vhE 2 Sla(r - Al

71, k - TE7])E uiste stolm m2tojHE F7tsto] o] &skitt. ¥4 o

YU ARESHA] dgten, BFE ¥ sl ThE PAARRD Y AatE BolRal
ltt. [19 5= Biswas 4 23t § EF= A ¥R 39| A2 k9| o] 5
FfolaL & WA s ARA2 ko] o] 61 Feolth. rof YL RE 1= HAY

LI

Fi dolA Ed AMIE o] &3FAR|T Biswasd] AFolA = dAARIRES

[ 5] Biswas2| A1 At 0fA|[20]
(% EHmfj sl @ k=5 / = =W 3H : k=6)
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of oA & Aol AR PHES dHEr]R gtk WA GAN9| 8 &
Aut 2 ApolA AgE DCGAN, WGAN-GP, BEGANO| tfsf dotct o]& &
3 Aats wlusty] ot FYA got Ao dish duEch PN B ARs
GANQ] 3H4 ZAnE u"|wd 4 9= IS¢} FID7F 9o, o] 9oz oju]x] &4
Fot A olgsto] 4 AuE WU, EtA o] AolA 1S, FID, o]ujX]|

23 W7 NEg Amed

GAN(Generative Adversarial Network)[21]2 2014 lan Goodfellow”} A<t
oo, 4’47](Generator)et HH7|(Discriminator)2 F/dg AlFgolct L
o]$ Yann Lecun w4 "109 Qto] U2 F2id ofojtjo] & X119 A W

2ol2tn] AAtE EWlon, o]& 4uh2 GAN Zilo] wWaE g

-ﬂﬂom

A dlolg o] x5 shgstol AAe fAReE dlolEE Adstal, D(a(z)) = 19]
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1
rlr
N

& SHo= oot M2t D(6(2)9 kol S7HE S
dastA ot ol2igh GANY 54 I8 >
o, ol Hi-aof AYGat vt Fde Beloh

lo g3
S
_|

min max
G D

V(D.G)=E, _, wlogD)]+E _, llog(1-D(G()] (1)

5 AAYo] gusor s YsAE
of sttt 1o}t AA| HlolElet s HlolEs w
olE{Z S Lol o ofeigiAl TIRE sl Aso] WA § Zopact Al
Moot wevlo] #3 £F ofu 3 o] WA 2uUsHs AP FmO] 4% gy
o oleiiAlct. E&, AL TEIIS Fol7] sl chekst 2] HojE 7} of
d 54 23] HolHu AHs: 2= Bul(Mode Collapse) £A|7} Ay,

ol wAgLz Qs 5] o2 B2 &E5|0, A st S ¥

GAN 29| Wl @77} Qe olgt 7 el A% H7t2 sy AlRE o]
B7l oh27] mgolct <& 2= AR GAN 2Uo|A AL Hlols AEE U
dck sy BE AEEY DPo] A S Holy] 5] AL8H dlojg A7}

M
2 20179 oldo] EmEAM, AR ol AREHL Qe AZA BIHHEA

FID(Frechet Inception Distance)?} 2017@d0of 2R E|Qict waja A=A ot

e olgstel 7t RS BIIE] ofYch
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<H 2> GAN 2&of| AFRE HIO|E| ME

od 52 A5 ol AE
GAN MNIST, CIFAR-10
LSGAN MNIST, LSUN-bedrooms(112%112)
DCGAN LSUN-bedrooms(64*64)
WGAN LSUN-bedrooms(64+64)
WGAN-GP LSUN-bedrooms(128*128)
EBGAN CIFAR-10
BEGAN CelebA
o] Qo= GAN &30 ArEE dlo]Eg7} A& GANE o]&al 3/dstiuAl st

dlolE 9 42 WrgstA] Zotiths AR = EARITH22]. GAN 28 A5
A ©ro] ApRE]: glo]E] H|EX MNIST, Fashion MNIST, CIFAR-10, Celeb A
5Ol At HolE MEZS E42 siderl #ou, gojg 9] E4f = (complexity)
Hth= S 2 oAt HlolHE ARE:
g 4 T e 2 =2oAe Y G g8 AtolM AR RREES I
2 7 ARAIE g/dste] ZatE vlulttth
Xin  Yi et al(2019)% <A-23] w=w g J& I I+ F
unconditional GANE 0]&3F AL ZofA] DCGANo| 7}AF Woron, 1 H=2
Qltt. J2{1} PGGANQ] 3@ EsHsegmentation)2 =4
o2 otlAlE FAst7] ol WGANS AEsHRITH WGANS| 4% ZHio] Ta
93 A ot XAJUA] kol WGAN-GP7F @i % o] WGAN th4l WGAN-GPE At

&

A% 7 uEe) 358 vy

N

PGGAN, WGAN 5o] I

gat9it. E3h, J1E A7 5 MRIZ @4sto] Lxstolnjo] AUES & AT
241014 BEGAN R A185}%17] mgo] o2 Melsto] e xagstoict

1.1. DCGAN [25]
DCGAN(Deep Convolutional GAN)L 20169 A|Qt=]gl oy, GANQS] 558 ot
Aotsl] 98l TES WA mdold. Awsidold H3AQ Awns wE

CNN(Convolutional Neural Networks)2 o]835to] LxE W75 T GANO]
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x>
=z
1
ox,
olr
o
it
o
B
FIF
>
1
FIF
52
%2
|o
i
ol
of4
2
o
Ral

= o =
25}, DCGAN =2oAE 0129 3714 542 AEslo] 458 ¥U & 9
Qict gt

MM 7191 742 max-poolingo] ofd strided convolutiong A&3ion, wH
719l 74§ Up-sampling®] 7hsstes T73sT. GANo| AR&=E FC(Fully
Connected) =f|o]o7} &1 QHS MDAl Xetth= A= HolHo &3t 7
HE AZT 4 UAe A=FA(Convolutional) 2fo]o}5 ARESHATH ERF, 2t 2
olofol BiA] “gteHBatch Normalization)S ©ol-&stAth. BiAl a7t AlQld
Bor qEzle] U ololet YH7Iel 5 2ojojolct.

7HA B4 Qo= wEvIet A7l AEH olofrt thE 545 Bt
2719 4% A=FA 2olojs Arglen, /st 4= LeakyReLUES ARE<E
t}. AAd719] R = Deconvolutional layerztil Tlof 9lou}, AlA| Transpose

convolutional layer2 A835t9 o0, X435} stz ReLUS AR5}

2

7]E0] GAN ZHli} th27] 6= ojulx|(64x64)5 4T & Aoy, o
T MEAle g SEAE 4 AT EE, A0 JFE= =o]=E o]ulx| 9
dste Aer, o]z HE|(noise vector)g A&sto] #HE7]2]9] At

>3
=
A B8l A2 olujx|7t AHEE e BYrt DCGANS| 7xt (13 6la

100z {H =*

Project and reshape

[1™ 6] DCGAN L= [25]
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1.2. WGAN[26]1} WGAN-GP[27]
WGAN-GP(Wasserstein GAN - Gradient Penalty)= WGAN(Wasserstein
GAN)o] HaH o]& WGANS| g5 Hebsto I
olalat7] SJsiHE WGANo| AM&El £A842 Bix| oo

do|ct, WGAN-GPZ
et GAN9| 52

=]
rn
S fa

stgo] MAHUA Safor Arle 22 dolElE ¢ 4 Ytk olg, 2US W
Sl 71F0l % dlojele] Bxgel A, J1E 2o AFgH ol bl

A2 X|A5tH, Wasserstein distanceS o]&3h @S #|Qtstct,

=30A dY|wst Total Variation(TV) distance, Kullback-Leibler(KL)

FD

divergence, Jensen-Shannon(]S) divergence’t 7HA SHAIAS AWsich AR
ojujx|e] HEFme} AFH olux9 &EEF=It [2Y T ZS o, TV
distance®] 79 97} 00] Hx] = A A 18
divergence®} ]S divergenceo A= &AT 4 Qlt}. KL divergence?] 73%-oll=
o Zrol ted, JS divergence®] 3% log27t & Fct o|x& shto] Zro] A%
Felt A9 a42 FAsHA Rotol, A W] sgol A ol 2ojAlA]
2ete o7t 7% Stk o2zt BAIE IR ) § HERES Aolg

& 49 SdstA F7dot= weto] HQsion, sZ2ZM o2 Wasserstein distance

v

0 )

[23 7] WGAN - 447 o|ojz|9}
AT ojnjR|e| BHERE

(0]

WP, P,) = 7EH(PT,P!})E(I_ww[ Iz —yll] (2)

=g
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Wasserstein distance:= £A1 23} Zro] Lgh o~
s 7S AA FAsE o]l 8oz e HY, & SEFxo At [0]7}

E}

[1F 8] WGAN - 03f0f [IHE &HEFE 7=
WGANL Wasserstein distanceS o]&3l] 58 QPSISHA|RE,  clipping
parameter(c)?] gtol wel WE7|7F R AStE7|7HR] Alto] @2 AAY 7]E
7] 2 %(vanishing gradients) #A17} BAYsh= SHAISS 283 QlQit}. wHlo] A
5ol co ol w2t £eEY] miFo] ol2et AE =Esh] e 2Ho]
WGAN-GPo|t}. WGAN-GPO|A+= clippingg A-85t= Al Gradient PenaltyS

A Esto] a5 459} AYES £

1.3. BEGAN [28]
BEGAN(Boundary Equilibrium GAN)L 2017¢ LZofAl Aetgion, wdlo]
2x7F & o Wasty w2n oPgAQl slgo] Jhssh wdlolch EBGANS ulE

o2 0E9lAE LAE AMRSFE GANS Amel 7hat tlojelo] BuE wl2a
ot=a{ 11 giout, BEGANO|AE= WGANQ Wasserstein distances
o] g3l A&} ofu]x|et 7H&t o]u]X|9] @ ERIFAT {£4(auto-encoder loss)9]
IS Fol2 qi

BEGANS] EAl % st diversity ratio(y)S A9

2
)

r [©)

in)
o
rr
oZ
ox,
N
1o
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WE7|o] dg2 7] et stolH metojgoltt. diversity ratiow 004 1 Af
olo] =S 7AW, 7H ojujx|9) FAu eSS 22Y 4+ dd. diversity

ratioo] tjgt Aol 44 33} 2t}

diversity ratio®] o] Ato® Q EQIFCTIQl wH7|7} oJulx] Zdo] A&517]
ool A37d71el oJsl BFEoiRl= olulX]9] tid/dol Hojx|A|gE, FAL =

o, st 2 gho] 2 A% wErjvg 470 & of 240] A7 gzl 287
Bl = o]u]x|9] ool =oAL, FA2 HolAAl HHt. diversity ratio 3t&

& BEGANO| B4 g4t 4] 40t Zo] L4 ik,

L= L(G(zp)) forg,, (4)

{LD = L(x) — k,L(G(2p)) forg,,
(
iy =k +N(L(x) — L(G(z5)  for each training step k

4 e Wl ox A
le 4717t A

< Proportional control

H1

1)
T
of
ol

o

AN|

(o]
Pa)
Y.
o
ol
kel
)
g
N
1o
rb-
1Tt
N
jo
4
2

2 o B

4
rE &
=
_|>~

H17F 2 AFE &~ Q)

=5 oty EHS AlAste 4% k9 2 0FE AlAfsto], AxE Sttt
BEGAN®] ¢ DCGANZt ti2A GANO| x5 TestAzi o, vix] gtat,

E&otx(Dropout) 55 ARESHA] =0 BEGANS 2= [1d 9]eh &t
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h0 = Fully Connected (h, 8*8*n) ----------mmmmommmommmoe oo ieaae

Embedding (h)

B 2 Cc:rwolulinn0 w=(3,3) d=(3, n)
Convolution, w=(3,3) d=(n, n) x 5 ’
. i & 8 & Convolution, w=(3,3) d=(n, n)
Convolution, w=(3,3) d=(n, n) ; £ Convolulion; w=(3.3) d=(n, 2n) 32x32xn
n
NN Upsampling (2,2) ---=--s=rmressmmrmrmsssnmnnsenne oo rceennnnees Eamononss Subsampling (2,2) -----------semeemeee A e
(=]
Convolution, w=(3,3) d=(2n, n) 6% = . g .
g a0 2 Convolution, w=(3,3) d=(2n, 2n) 1B x
Convolution, w=(3,3) d=(n, ) 1% € Convolution, w=(3,3) d=(2n, 3n) | 16
NN Upsampling (2,2) -------=-=-=m=sncmmomemmmm oo oo
Optional skifp Subsampling (2,2) -------seeememmermeeee
for
Convolution, w=(3,3) d=(2n, n) more sharpness .
Convolution, w=(3,3) d=(n, n) 32x32xn | Convolution, w=(3,3) d=(3n, 3n)
Convolution, w=(3,3) d=(3n, 3n)
Convolution, w(3,3) d=(n,3)--------------mmmm
Fully connected (8*8°3n, ) ----evmeoomne e
(a) Generator/Decoder (b) Encoder

[O1Z 9] BEGAN L= [28]

2. Il H=

GANE o]&3dff oJulx]E Adst= 42 F7IE 4 & AL+ [S(Inception
Score), FID(Frechet Inception Distance)’} 100, o] 2o GAN TH7|9]
7 AEE ol&stAY oJulx] FA B WHS ol &t olu]A] FA Bt
Holl= SSIM, MSE, MAE, PSNR ¥sio] o && o]ct.

1S9} FID 2% ImageNet®] Ho]Ef2 0]2] AH Inception RHZ ARESh=
S&730] EAett. 1S9 4% A/d™ O|u]X|E Inception RHo] dof A3 &

ol =g WEIZ o] 83te] WAS ARRICL g £4L 4] 59} 2k,
IS(G) = exp(E, _, Dig(plylz) | p(y))) (5)

ISt ojulx] Aol AFGE Al olulxlo] HE BT Wsta Ratt
of ZAjgict. AA dlolEle] BEZ Wgsty] YshH U Amolul, FIDE 44
63 Zol 7% 4 k.

FID(,g) = I, — py 12+ (0 + 3 —2(33)°) ©

l‘ll‘
r
o
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FIDL A7 olojxle} e o]u]x]S R% Inception Lo 31 2}7to] &g
WIE|S o] &3] Wi FEA P2 ol&3) AAE FHUC 1S9 FL Fo| 24

ojujx] Z=A Hr}lo= MSE(Mean Squared Error), MAE(Mean Absolute
Error), PSNR(Peak Signal-to-Noise Ratio), SSIM(Structural Similarity) %48
ol Exfaict. 7t whHe WAYS olgstol olulAlZ vl

MSES} MAEL: of0]x] Bl AL&EIAIR, SlToIAE AL ALREE &4

Zolth. MSEE: ©to] Algo] et BFoz ol A A9 Ao} ulAstete

o%

e Uehdth. MAES AIA| doleler g dlojelo] o) exfe] HFoR 3
o] K 7497t ARIot AT olulAIS BT Zolck 2 @ Pote Al LA
7, 83} 2k,

PSNRE olujx] A=t 8€ Bolste 4% A1gHE A=z gyd ofnjao]
Fdol & 4% ol AxE 542 Btk T @ 24 99 go| 2 4
ou, MAX: s15 olu]x|o] T HSigkut A 43ke] xfololc). o]u]A|t RGB
L2 olRold gooz Mo HAPS 255001 HLS 00]7] nhEo
MAX, 312 2557} =},

PSNR = 20l0g,)(———=)  (9)
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S
2
ofo

ol
o
FIF
o

th. olglgt SHAIE FESH] sl 7% WRio] SSIMo|t}. SSIME sfid o]u]A]
b PEHOR duhy UxlsHEA] WAHE 4 Y AEolch SSIME ojulx|g ¥
T (Luminance), ti8](Contrast), +&(Structure)S #AAIsto] SSIM AprS =A

ot AA olulAlE z, A/ olulAlE yet & o, SSIM Fas A 100 Zol

(2/%#3, + 01) (ZUW + 02)

(10
(ui + ”32/ +¢,) (ai + af/ +¢,)

SSIM (x,y) =

g5t A olulxle] A

O O 1

2
k1
il
ftfo
o

2 AgoE oM Hyd B}

B7tE Ald¥stal GANS| A37d olujx] 42 F7te Alddst={al gt
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4@ ololelo] oish Z1esteick. 4@ clolele] 27, ahue, AHY PYL Ay
Bk £ OWARE B APOA AST A 2Y 2y 52 AuED, A #7432

71t Al Wiz Al 280l shaste Wets S ¥4 2oE s A
HuEdth &5 @AE 271, 71 2= UH 2AE ¥4 2dE
8= ©l&sto HlolE

7] 915t A9 wot

B Lo
oX
ot
i)
oEL
_,d
_l:
1
2
)
L
Rl
2
_CL

1. 49 diolE

B AolA AteE colEt AR dutel ¥Ae Eol & 15240 ¥
OFX AR S AT AF_= GAN 2@ o] Unconditional GAN© 2 G|o]H
Hol BQsHA] oAt 2y 2 IS Eoll dEE 4 UAe Bl

gFstod, I FAF EFF ohfstoz duyury oz sHystol golEE 44151

o

=2 T 4
(2= 10]

7_|
o]

oo
_Qi

F4 ARARIA dE2E 4 e S4S BolE

[1F 10] FZ AAARIM HE 7Fset S (41 ¢ Optos)

[eXe)
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dlolE=  =Al
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epe cioick 59 S
o rojglz 4
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o} 1. 9FOFE(JCDR:
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[

=
S

sl dlole: 19
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Severe =2
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—

L
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Clinical Diabetic
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AAlE JEolA REgted,

77k 30%

3

Z
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I.
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[eXe)
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Hlolg7t 57HA] ME= oA i, NEE=Z Efst= HojEfe] 4

ol Z2tA HlolHE AHd st
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c 1
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Q 3H
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L
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of &, FAY S, d WA & kol2E EAT 4 Qe ot RE2

AAsH] deie RE AL 2o Aolmz Aelof st} Teif B2t QIR ALA

=
et FAARAIO] Hlsh #EF 4 Qe ¥ @e Aol AU, ko= A

o
v =

o
S 8l ARlE Al2e e O AES AMAZ 4 QlemR ojnjAlE At

2. GAN 2H 9l AlH BF

GANZ z} mHllo] S4Jo] g2t A2 oA stGAIZ]7] o= Aol &R
of. oA 24 RRY 2 RHlo] HRH =22 J|feR stloy, 7E A4
oA AF&H olnA| 2t S =7} EotA 2fojofE F7Ishin.

GAN9] stolm m2tujg 8ix] AF4et, =gotx, 58, 2499 5 2485
Y, Ad 37|, 2EolE, 8ix] Z7], A F 27 & 280k sk ol
thE ATl vlsh ok Zh mRlo] stojm mbtolE vt 2oz e e 474
g 4 Qe ¢F stojd mbetulE S AdEstt 22 U2 A= stolm ot
© A 09 Atol=, AdHE ofnjx|9] Ato]=, HR] Ato]=E ZA A4St
HA 5309 Ato]=& 1000]aL, HHR] Ato]=e= 8= SR, A3dH olonx|9

Atol 2 FZh AAARD AtolA gro] AREEQIE 256 x 192 Alo|=E AHSHY

e =1
T
T

i
oX.
rlo

ndo]l 13& TensorFlow 1.149} Keras 2.25 o|&s5t3ion, 7
<3 3>1p Zrt

<E 3> 0 EE

a2 ALk
= GAA Ubuntu 18.04 LTS
CPU IntelCore®Processor i7-7700 3.60Ghz
SSD ADATA SU650 (240GB)
RAM 16GB DDR4
GPU NVIDIA Geforce GTX1060Ti
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Al 8o p@e wRY 2L )

E1o] Ato]=7t 37] mi&d

TS

2 stgou B AN AHEE ol
% elolol2 Zvtstel AbgsHTt #ololg bt
w204 ALE 2ojojo] sfolm melulE (Y 27], AEatol=
s)e  AlstaA Friskdty. DCGANel  A3/g7]el 749 Transpose
Convolutional layer’} 3t o F71E]9itt. WGAN-GPOl 73¢9 AA 7|9
Up-sampling®} Convolution @4to] F7tE]lony, BEGANS] 4% UIHo&=
Up-sampling?} Convolution 2%  dAto]  F7iE9lon Qldfe HL

o

BN
lo

ne

rr

4 7

rpt
Mo

Convolution @4to] 3% Z7tg9ic. o]elo] Alge WEY =2 27 5%
o, TRE 2 2R PEL (13 12] ~ (17 14ol4 FAF & 9k

()44 7| (b)ZtE 7|

Input
" | 256x192x3
100 - noise vector .
Convolution ========s====om-mmmmmmmmmm——mn

Fully connected L

Convolution =—=—=————====———ccecemmmmmmmmmaaa

Transpose Convolution

Batch Mormalization

64 x 48
Drop Out x 64
Transpose Convolution Convalution ==-———=c - e
Batch Normalization Eed
x 64
Batch Mormalization 32
Drop Out =

24
Transpose Convolution 128 x 96 x 32 1)258
Batch Normalization

CONVOIUTION == = o o o o o o o

Transpose Convolution
Batch Mormalization 256x192x 16 Batch Mormalization

Drop Out

Convolution =========sccccmcc e

Output
256x192x 3
Fully connected

(16 %12 x 256)

real / fake

[O2F 12] 343 DCGAN L=
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(a) E47| (b) ZHE 7|

100 - noise vector g
| 256 % 192 x 3

Fully connected
(32 x 24 x 32)

Convolution =========s-——omsooomsossonmmsa,

DropOut 128x 96 x 16

Reshape
Batch Mormalization
Convolution ===================soscoo-—o—-
UpSampling o
BatchMormalization e
DropOut %32
Convolution 18
Batch Normalization Convolution ============-m e
UpSampling =========================- BatchMormalization
DropOut
Convolution 1% 8 56 x b4 c ution oo
Batch Mormalization R envoluton
UpSampling ===========mmmmssmmmmmssss BatchMormalization
DropQOut

Convolution 18

Batch Mormalization EEDTER T
Fully connected ____
Convolution ========== e (33 x25x 128)
Output real / fake
256 x192x 3

[1™ 13] 43 WGAN-GP L=
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(a)887|/E=H b)A2H

100 - noise vector Input
| 256x192x 3

Fully connected ]
Convolution =========—————————————————---

(32 x 24 x 32)

Convolution 28 .
Convolution 28

UpSampIing ---------------------------- Convolution ===========——ccmmmmemmmeeeeem

Convolution 28 .
Convolution 28

UpSampIing Convolution ================eee e e —————

Convolution 2E .
Convolution 28

UpSampling Convolution ============—=cmmmmmmmo oo

. " .
Convolution 28 Convolution 28

Fully connected
Output ‘ (32 x 24 x 32)

Convolution

real / fake

256x192x 3

[1F 14] 194t BEGAN =2
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ot melo] sigets wAOlA dolel R ofwA] WeteAlE ulwsts] s
g dx FH(Kernel Density Estimation)& ©]&3dff tjolg wx5 UERAACH
g g =A™ F|AETIHES FISEA(Kernel Function)E o] &35l &&5U s
22 Qb wolth s|AEIMY A9 AT 7l 2A&He] Uehdths 54
o] 1, AFe] A7l watA slAg o] Latalt o] BRI matA

R GBS 71 U= 242 5o olojele] $Eg ulwstusl &

)
=)
a)
1o
N
N

CF. BO] 4% 0 ~ 10713 Atolo]l £E3511 9l clojele] ool Hop UA| L
glo] ThE ol uls) Bk Ak EAECE 7 glo) Fad vlag s e
o A% Be ZHS 0.052 37 o] Fsteick.

£ BAE 20,000 epochs 7]&2 2 100, 10,000, 20,000 epochs %7], &

7], @712 Uieo]l UEtdllon] DCCGANS H&- stg +F 4271 =9 g 27
S 1,000 epochE 7]&#C2 Holf Fis YEtHIth AA| Hlol8e FxE [
4 15]9] sigst, 2t BHof ojulx] B2 [ 16] ~ [ 25]9F £
4 Hlolg 35 Hlo|E
s A
// \\\ | / e o |
[1F 15] Y4 HO[E2F HF GO 21

AA dlojEfe] #Fx25 vlustH A ¥5Y HlolE 27t A Ae
o 4 Qlth. A AT LEojA 28 Wt Ao a2y TEe dlojg AlEst
5 Exo] chacks g ¢ 4 glou, AlA| Mol REES HU QAR A %
2 olth A=A 49 olu]x] REI} QARSI W} mpbe] BRI} tof
DA ohe AL By ¥io g8 Aeh: Mo| wWIbMm metdolete g



o % glck. webd] WbAEE mhebajo] Havt AR ool SARE 49 WA 7
g g 4 9g Aol /g & k.

DCGAN(LZ® 16, 17))9] 8% wPge 2uuel dlolelo] ¥ no] AA| o
oEjot ulAAAIE e & & Qout meo] AX| dlolEl et REsche g
¢ 2 olch ®3h Waol 9k dlolEE sk A4S mteha dlojel Bmst Al

L.

=
Al dlojEfolld & EASHAl EAE 2500 7Mhe wed w27t A GS E

)
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4. g4 43 b2

2ay N Zaks B4R wokeh g Wole ko] Aastalnt. AAA
ol A9 AMOIN BES 4+ Qe 2452 U Felsiglon), ey AY 2
= AAlsEATH AFA B7He] 4% FIDS £45HAAL, vl 7hHset 7[&34to] &
AstA] ¢kob AAl &1 dlol8 A EQ] FID gtg 7|&2 & v|usiqitt.

4.1. 34A 87t

DE PAAMTS] & A (23 26] ~ [ 28] Aot =EE g

HS HolEe MES &4 ZiE AAlstden, 20,000 epochE 7|&C2 Ao
Alsfsteit. BEGANS] 739 diversity ratio(y) #F< 0.3, 0.5, 0.72 AlHS X34

i

S157] TRl 2t 392 ol Ankg AAIstALt,

5

(a) A |O|E{E 0|23 8H4) Z T}

o

(b) S80| 2= HIO|ELE 0| 8¢ B Zat

[ 26] DCGAN &g Z1+ (20,000 epoch)
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[ 29] BEGAN gHg 21t (50| U= HIOIH ARE)

Jeju me Sajo] whA Qo] defr FZEL2 AME A/dcte Zie BoE
itk BEGANeo| 2rad o2 7t AlE sz
71% sttt Z2juy me Sajo] gt Ageret ¥dQlo] EA|SHA] ¢tout BEGAN
v2[29] ol 29 we Fajo] glojge] ~Ffut Hlojg Afo]=7t FFFS nlA
Zdoletar gty AR AREE dHlolHQ] £FE 1/107FF &9 AMEE 4¢ 7]Ee
dlolejEcy RE Fujo] Wel wil S & 4 AATE TebA oid Ao ARE:
€l dojele] o] Au, 7]E Aol AMEH Ho]E] Afo]=E T Aol ALEH
clolge] Ato] =7t 27 mijRo] RE S37F HASE Zlog FET 4 Qlr}
4.2. 3R H7}
Hekx ®rbe FID, MSE, MAE, PSNR, SSIMS ZAsto] Zlg8styrt. sig A
52 AA olujx|et /g o]ulA]E H|uwste H4 FX4o] Jhsstoz AEish
dom, IS9] ¢ AA| Holele] ExE WHYstA] Rofl Aottt £3 2@ Y]
o] AF8-=l DCGAN, WGAN-GP, BEGAN(0.3), BEGAN(0.5), BEGAN(0.7)0.2 1}
Xsggict. ojojx] 4 7t ¥Hel MSE, MAE, PSNR, SSIM g49] 749
BEGANO[A] AAJet H] 517 L2 o]u]A]E F7I& sto Aag F74sc)

1

K

i

7 Azt AA doleet AA dolgel e Z7te ystdon, Y Has
1oz welg WtstuAl st
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4.2.1. FID
YA Bole FIDE o83 Bristact. 2y

Fole ofg <@ 5 2

B9

NI E°] FIDE

<H 5> ZHEHHE FID d4

dlojg et AA HlolH

AR -AA DCGAN | WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7)
At 160.8 322.1 323.3 469.1 268.7 237.8
SRS 189.1 310.7 307.2 251.3 278.3 252.0

AH

(]

_]

3719 s8=
Zb OFX| AR f
d A

SES

|
Sk

UA| FID A48 71502

=
E7Jo

Hlo]E 7} ImageNet Ho|EH= F
el AA diojgle] FIDE 75},
Stct,

A

(o)

=1 Ieke] == 1A

3715t Inception 2ol 3%
| =t o2t AA o
2 7]1Z202 dup} x}o]7} U=X|

A& Hlolel NIES ol&sl FIDE ¢ 4% Z4 dolH NEZ} 160.8, B35

o
i

-

ololel MEZF 189.1 & Uttt A4 27} 714

dlolg MES] F& 7780l =4 uste,

292 BEGAN(0.7)2 A
W5 dloleo] A9 62.380] &7 U

}\

HZ folgl NES 79 BEGAN(0.7)¥ Tt BEGAN(0.3)9] %}o]7t

et aeiu}

62.22 & o AQITh. WGAN-GPO] A$ A4 Hloje AlEx 162.5%0] %7 1}

gron], 118.180] =74 Ugich. DCGANS| A A4 Hlolg AEX 161.3%0]
w7 Ughon], Wz dolge] 49 121.640] A g}

AR - AR HolEle] Aot ALl U@ el AX| - AX A2 7150
2 7} welo] 442 WEge UERE Au} < 6>o]ct
<H 6> HA| HO[Ef 7|8k FID HEE

AR -A A DCGAN WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7)

A} 100.0% 200.3% 201.1% 291.7% 167.1% 147.9%

H= 100.0% 164.3% 162.5% 132.9% 147.2% 133.3%
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&+ Holg NE 2% 50% o= Ajo] U= 7%= BEGAN(0.7)8fo] glo
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2 o} E3h Y5 Tojg NEE AMESt 49 & n@HrCE BEGANS] A 71X

297} Aok B He g & 4 Uk

L

4.2.2. MSE
MSEE At Alu9 Bdoz sid ol AeaS AAet vt ojnjx]& 234
eh 2ot AA| Holg et A diolEY FaE AT df Z2 olulAl= AY
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m}r-ﬂ

<H 7> ZHEH MSE d4

AA-AA] | DCGAN | WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7) BEGAN
Ao | 7,761 10,428 7,778 32,535 12,860 12,236
ﬁ A& 166 576 475 17,492 2,928 2,439 -
) B | 1,542 1,763 1,637 22,709 5,204 4,668
o | 10,552 12,440 9,842 24,430 18,405 14,261 10,386
Hi A 189 525 430 10,449 5,312 1,450 420
i B+ | 1,480 1,672 1,450 14,409 8,338 3,958 1,607
4.2.3. MAE

MAEL: QAt9] Hoizh BFOo2 oiF go] A24% AR v2 ojulAS
93t 7oz WU 4 otk MSESH ZA AA| dlolgl AES) AA2 ANE o
ol 7
%

t}. 7} oojx] We Has EHeter] thRo] At &
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MAE "4 MSE 49 v]251] WGAN-GPE o83t S o "47t 7hg =
2 712 U & 9tk BEGANS] 49 o& dacle] 29 #ye 5o 4 o
JECEE

<H 8> RHHEH MAE H4

AA-AA | DCGAN | WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7) BEGAN
o | 90.0 141.5 83.4 251.7 | 150.7 | 147.0
ﬁ i | 125 36.3 23.7 181.6 71.9 64.8 -
Clma| e 58.7 40.4 211.0 97.8 92.7
Hf | 99.0 163.9 95.6 213.5 | 1833 | 1574 | 1123
E Ha | 14.0 33.0 22.3 138.0 98.4 49.2 32.3
Clww| 329 56.5 36.3 163.0 | 122.9 83.9 47.4
4.2.4. PSNR
PSNR2 z|tf Ae of HAgvl2 oJux]E Y&sAY A+Hdstdie ™ S22
dlwste Azolct. sig A=S GANo| A-&s5tH PSNR o] 245 oJulx|9] &

Mol Frh. oY At <E
PSNR F42 ul@stdl BEGANOIA £& AE BYH 399 e

Stal WGAN-GPOJlA] ko]l Ald 2 AS & 2 Tt WGAN-GP2} BEGANC]

A<l

= O
L.

9)tt. BEGANQ] 7% diversity ratio®] o]

‘dol F7tstal &40l "WojXklct. J2u AA| glolg AN|Eof|A diversity ratio 3t
o] 37l A47F 2 AS & 4 Ao
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<E 9> ZHEHE PSNR M4

AA|-AA] | DCGAN | WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7) BEGAN

2| 25.9 20.5 21.3 5.7 13.4 14.2
:é} A 9.2 7.9 9.2 3.0 7.0 7.2 -
) Bt 17.4 16.2 16.6 4.5 11.0 11.5

2| 25.3 20.9 21.7 7.9 10.8 16.5 21.8
E EIEN 7.8 7.1 8.1 4.2 5.4 6.5 7.9
) Bt 17.7 16.6 17.1 6.5 8.9 12.4 16.7
4.2.5. SSIM

SSIME PSNRo| olu]x]o] 754 HuE wsta] o] p2o] grsosl o
R molct. SSIMO] AL oln|x|7t 2o AL 1 ol U4ei o] 4=
olujxlet TAR R SAIIHE S X 4 Aot S Ae <& 10> Fust
9 et

SSIMO] 7 BEGANO|A £& Auts AAWY Absle] Hghglo] 0.952 ¥

dlolelet SASIY ZA] e 2 ¢ & 9

O,
0
1
rok
1o
1o
ol
N
N
o
Sl
il
i)
Jo
>
Rl
ol
o

<H 10> 2HEE SSIM Mo

AA-AA] | DCGAN | WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7) BEGAN
Z] o 0.90 0.47 0.77 0.41 0.65 0.66
:é} EIEN 0.65 0.26 0.53 0.25 0.38 0.37 -
) Bt 0.80 0.40 0.70 0.33 0.54 0.54
At 0.90 0.52 0.78 0.60 0.60 0.66 0.95
E A 0.54 0.18 0.52 0.29 0.27 0.29 0.45
) Bt 0.78 0.40 0.68 0.50 0.51 0.54 0.78
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Al S vlwsty] sl FdA, AFA Jots Aedstlen, AZA 7
79 FIDQ} o]u]&x] =4 H7} Mz (MSE, MAE, PSNR, SSIM)S o]&st3tt. A
A F7rel FIDQ] Zi} BEGANo| 7Y Z9fouf, olujx] &4 H{7l HLoAs
WGAN-GP7} 71 £2 Aus Ho 5t

AR Wobe ARAIA BT ool st 249 AAMY &, FH, A4

0,

a7 2eh S99 f75 &5 wHESHT BEGANS o8& 73 100,000

Al 259 AFA FrHE st A HlolHE ARESE A% <& 11>0]H,
12>0] i3ttt <& 11>3 <& 12>9A]= FID A
S5 At Brt AzoNe Bdite BAISHIG. FID 49 3% ImageNet
dlol&l& ol&sto 8] &% Inception RHZ o]&sto] Ho]8 25 5}
A, AA goly ZFxet AE At FIDE ol &3t 45 vlus HsiAe bl
wto]l EXjsfof 22 & Atet {ARE A7 Gil7] diZoll AAl HolE Al
EQF MA| HlolH ANECQ FID F&5 7I&2=2 HIIstth. FID A4e Holy &
29 AL A oh7] Wizl ol Algas AAb A= S UERdC
FID A2 7} 714 Ao wdele BEGANo|Qith. ®3t BEGANC] diversity
ratio gto]l wet zF ©Ho] FID Aart ther es AS &g & et A

AF glo]Ele] AL diversity ratio?] 3to] HAI4=2 FID A7} Zobx] 2

=2

rlr
)
o

N

O

Qlaio}, YW= g|o]g 9 3L diversity ratio Zro] 0.3 0.791 3L FID A
7&}'
o|ojx] =4 H7}9o] 742 MSE, MAE, PSNR, SSIME o]&s5t%itt. MSEQF MAE
+ A9 QAE ol&str] hlEof ol AeaE £2 ZAiE UEHUWH, PSNRY
242 A9 u2eiths A UERACE SSIME 0 ~ 1 Atole] Zhe
JIAo), 22 olux| 2 o] gto] SSIM WA 751U e m, 19 Zro] EETCH
MSE, MAE, PSNR, SSIM A5 A EH WGAN-GP Rd®lo] 7HAk
S HolRqith ojulx] FA Wrte HA QXS ol&sto F45H] ol

Wasserstein distance& ©]85t= WGAN-GP7} £2 ZitE Ho&E 7oz 74
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=it} BEGANE Wasserstein distance® o|£36}&|gt Ax|7} opd QEoldAC] &
AZ o]gsto] Fotr] miEo] AAl "HAG2 WGAN-GPeF Hlwshlg o Afo]7}
EAlst= Aor £&5F 5 ot} B% HlolgE o|&dl oJuxlE &/dstS o
BEGAN =9 & AXje} v]x3t o|u]x|7} =&& Q). ol o|u]X|& o] &d) o]u]
Al 24 F7HE A138sS ©, WGAN-GPS} DCGANS] &1t Hejo] sigdsh= 2
S BoyRdok
<E 11> B M W A (A o)
AA-AA] | DCGAN | WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7) | BEGAN
FID 160.8 322.1 323.3 469.1 268.7 237.8
MSE 1,542 1,763 1,637 22,709 5,204 4,668
ﬁ MAE 34.9 58.7 40.4 211.0 97.8 92.7 -
) PSNR 17.4 16.2 16.6 4.5 11.0 11.5
SSIM 0.80 0.40 0.70 0.33 0.54 0.54
< 12> BYE Y B 2 (83 Tl
AA-AA] | DCGAN | WGAN-GP | BEGAN(0.3) | BEGAN(0.5) | BEGAN(0.7) | BEGAN
FID 189.1 310.7 307.2 251.3 278.3 252.0 -
MSE 1,480 1,672 1,450 14,409 8,338 3,958 1,607
Hi MAE 32.9 56.5 36.3 163.0 122.9 83.9 47.4
’ PSNR 17.7 16.6 17.1 6.5 8.9 12.4 16.7
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<ABSTRACT>

Comparative Study of Generative Adversarial Networks

Using Ultra-wide-field Fundus Image

ARa Ko

Graduate School of Jeju National University

(Major in Convergence Education Software)

Supervised by Professor Jungwon Cho

In actual medical settings recently, due to an advancement of medical
imaging technologies, the conventional fundus cameras are being
replaced with the ultra-wide field retinal imaging devices that enable to
take images easier and provide the broadened imaging range. However,
due to difficulties in data collection process, most of the deep learning
studies related to ophthalmologic diseases are still being conducted
based on the fundus images by the conventional fundus cameras.

The performance of deep learning is associated with data volume; accordingly,
the data augmentation is used to amplify the data for performance
enhancement in case of data shortage. Data augmentation includes the general
data augmentation method that applies rotation or reversal to images and the
method that synthesizes new images using GAN.

It is a big challenge to evaluate the performance of each model

because there are various models in GAN, in other words, because the
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dataset used in each model is different and no suitable evaluation
criteria are available. In addition, the data used for GAN model research
cannot reflect the resolution and complexity metric of data that are used
in actual synthesis. In this context, this study synthesizes the ultra-wide
field retinal images taken by an ultra-wide field retinal imaging device
using various GAN models and comparatively analyzes the synthesis
results.

The data for ultra-wide field retinal images taken by an ultra-wide
field retinal imaging device, which are limited only with the diabetic
retinopathy, were collected and labelled through a collaboration with the
ophthalmology department of Jeju National University Hospital. The GAN
model used in this study has utilized DCGAN, WGAN-GP and BEGAN that
are all frequently used in the studies for medical image synthesis. Some
hyper-parameters in each model were set to be identical and other
parameter values were set to the criteria of the studies that each model
was reported.

This study conducted the qualitative and quantitative evaluations on
the synthesized ultra-wide field retinal images. The qualitative evaluation
was proceeded for the availability in observation of optic disc or macular
etc. Both FID from those images and image quality evaluation scale were
used for the quantitative evaluation. The FID obtained the best
evaluation result when BEGAN model was used and WGAN-GP model
exhibited a good result in the image evaluation. When comparing the
results after proceeding the qualitative and quantitative evaluations, it
was thought that BEGAN was most appropriate. Moreover, the similar
results to actual ultra-wide field retinal images were obtained when
BEGAN repeated the training over and over again. It is expected to
obtain even more sophisticated results if the hyper-parameters of BEGAN

are adjusted according to the characteristics of each dataset.
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