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Abstract

Recent deep learning-based face synthesis research shows the result of generating a realistic face including overall style or
elements such as hair, glasses, and makeup. However, previous methods cannot create a face at a very detailed level, such as the
microstructure of the skin. In this paper, to overcome this limitation, we propose a technique for synthesizing a more realistic
facial image from a single face label image by controlling the types and intensity of skin microelements. The proposed technique
uses Pix2PixHD, an Image-to-Image Translation method, to convert a label image showing the facial region and skin elements
such as wrinkles, pores, and redness to create a facial image with added microelements. Experimental results show that it is
possible to create various realistic face images reflecting fine skin elements corresponding to this by generating various label
images with adjusted skin element regions.
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a) A5t gl 7] €58 2H(Inha University, Department of Electrical & Computer Engineering)
¥ Corresponding Author : 29)5H(In Kyu Park)
E-mail: pik@inha.ac.kr
Tel: +82-32-860-9190
ORCID: https://orcid.org/0000-0003-4774-7841

o] i 20229% AHGEPIEARFANY Adow HRFAN/HH A A 9(2020-0-01389, NFATHTATAEA A3t )2t
202295 AE(FAI/ A REAR) APOE SHATATe] LS Wol 3 AFY (NRF-2019R1A2C1006706).

#This work was partly supported by Institute of Information & communications Technology Planning & Evaluation (IITP) grant funded by the
Korea government (MSIT) (2020-0-01389, Artificial Intelligence Convergence Research Center (Inha University)) and the National Research
Foundation of Korea (NRF) grant funded by the Korea government (MSIT) (No. NRF-2019R1A2C1006706).

+ Manuscript received March 30, 2022; Revised April 7, 2022; Accepted April 7, 2022.

Copyright © 2022 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



370 WEFEEE=EA A27A A3E, 20229 59 (JBE Vol27, No.3, May 2022)

.M 2

—

A G IS FoIl guEH g Tl AHEA
A e Aske Bokolth d= Zalds) Awsl,
Bt W gk} 2 3-8 A7 AP H L vk el 7]

W © 2 GANs(Generative Adversarial Networks)™/o]
5 7 Hels R gl B4 5 Qi H9)
o WA IS BYHOR SGAA AR
PasHs oItk o ¥ GANsel 20% 57}
A3 3h= #2121 CGAN(Conditional GAN)™!
F Qe IROR # ATE FE Ul
2 d= W 9 e 54 WA

cnrg
>
>

o n:°1’ r

2 o

% o2 ox
- E ox N-lg

2

e

e

o ox O o o L 2 (X [ O

ox 1 » &

o

oX T
&
_E—E

tjo

3|
Rr

=

‘iJ Image-to- Image Translation<
7FA 9 O E wufjole] A ~ElY
olty, A& ¥4 LR 3=
iF)r Aot 5o, oM, 3H3
7)e A7 5] EAdi

2ol vAle £

8
>
O>Z

ol
-
rir
X g N
[
—rr’

\

=2
_>.:

SN
H1
B o

r,
2
o
z
o
1o

o
¥o o

ki
T
~

44 fo X%
0,
0,
2,
}‘4_,
£
N

fr W orle [ o rSL'
e
i
1

b

(o dt g

E
. %
L \-}l e)

o B
sy

(3

o
rir

g g T rlo
KO
N
o

o flo
R
N
<
&
)
o
[t

::_

o
o
T

S
=,
n
o
ro

fd
o,
ox

k1
o2
ox
o
o
ox

ol
ol

ol
2
Ai

E
Y
l-'O
ko
[N
i
==}
¢
g‘L
R
{1
Q‘L
pach
)
0ot NN N

]
2|
of
ofet
FN
o
i
rlo
=
o
ko
[
il
o
X,
P‘L
fr
l-fO
-4
rir
b

I = o S = o R TS < e

to Mo
B
Hd
9,
>
e
Q
>
N,
(=
lo,
>
o,
=
s
1
o
o
i
o =

o
e
i
o2
ox
ET‘
oX
o
o
%
K
%
o
k1o
o2
s O
2
ot
oX,

;
& oo oo &

FN
i)
o
off o‘-m
ot
ui
]
0,
-ol,
e
H
> of
>
>,
ox
X,
~
it
o
N O/

Rai
1,

B
i
N
i
ol
)
o o

LI

72 Q
o ~olo)| Z | A9 Mark-Vu 35 24
HE H53IAh 9% 84

=

ot

N
o
fd
o}

o

o FN & ox
N 4z o

i~
o
Pﬁ
ne
38 ru-p
=
%3
oz
oo
o B

o
1o dlo wy

[ ol 1y
i
&

i¥
12 o2 H
o
o mlo
e
i
ol
o
1o S
10
ﬁ

e of AC)
0

ﬁ_
i’l
o
N

:Ioé
Hr
e I
H
Tl
& e B o
2

3 VA

4z
ko
B

X
ol
ol
Yy
oft
o,
2
o =
ot epy
2
o o
oSt

& o

K
T

o2
ot
NE ﬂ_{ HU \:0

ey
=
o
(I
i

N

ol

ol

ko I

Jz rfr
W 1% fo o i

K
T
(9%

oo
i)
2

= O
B og o
o o
- 2

)

o

ol

rl

ol

i)

o

©

ofp Mt
ox

4y b 2 do Jo o to 1 o
o o

go M &~
N
2
QL
rr

o o

fo 24

N ox

oox
L
il
of
:<|>I—'_‘4
N
o)
-
B>
o\
L
oyl

sol thFel 9198 HAT F Yk B BB 7)4F Qo

s thest e,

*Mark-Vu 3% 247|158 §3 L= d= 943

LS|

o5 24 oy A5

1€ D= GG T 71 A e @0l et
e 94s S5t 9% nAes 284S 59
d= Y 71 A

IR 24 99S 2AY Bl YA s A4
FOZA oo BSets WS % 247 Bl
ohbe AHAAe 92 94 A4

2 =79 AA 4L v 2tk 2784 Image-
to-Image Translation>} &= Aol gt 7|= AFE A7)
atH, 3o A= B =iollA] Aljtete I mAl8a 24
= T 9= A 7Rl s A gt 4%el A= Ak

= [ [e]
& el $54e 4

b e 2

{0
s
)
do,

ot
==

g
O
o
~
)
o
fu
i)
4 u

MN fo M OIN
B>
FN
i

ol

)

2

oX,

L)

e

fu

ot

2

Image-To-Image Translation Y8 G4-S EFZlO] &
2R WEs] GPE P B o
Pix2Pix”'+= skip connectionS ©]&-3} layer2 °] Folx1 Al
749} PatchGAN' 71be] FHEAZ o &3] Thobat 2o
dS 717 GAF WS 7l kol 28 256 x 256
St 0] AR 99 BUANL BE B4 0
H o] 9tk CycleGAN!'12 Pix2Pix 9} Ea] &o]
g 7 o9 GReE FE A5 Rl o
Euele A thE EuQl 02 HEEl= GANs# o] o
L GANs TZE olFold itk Avd £4 ¥
F7F 2.2 L1 cycle consistency lossE AH-3te] 2~E}
A Wk Tg-5 Frh T dolEAle] tigk Aokl &3
om kel o3k FhAdo] 7



ARA 9 19k WY wALA 2AE BH 9T 94 BA 371

(Yujin Kim et al.: Facial Image Synthesis by Controlling Skin Microelements)

42 94 P4 AT GANS” Wgo] At F o
Aol AT T FAXE StyleGAN® Edo] =
BHog Al dF GAS AATTE StyleGANS

PGGAN'IE 7)o 2 alof ~Ejel WS 28] 77] o

2 28l g ofe) 2712 WA Sk WAl o)
WS Fol AR UE 2uag 2 ReAA 98oR B
A2 G B B2 G 2ekdel wA M
o

15 AtE RY R 7]E Ao A Al A BN 3
] blobe] &= A& /MAE StyleGAN2W3} o
g7 wlelEl7E BEaths AS sl Asty] sl vlolH

1S 473 StyleGAN2-Adal'7} it
Aok A Eokoll Al welztete] A 2ep, vol, %74
T e EF 845 HHSE B A7 AlE A
IcGANs"& CGANP 7|9k R 2 AZS tdo & 3l
2758 34 27 AFolth LﬂE%EL—L— ﬂﬂl 01:”:19}
CGANCS & o] o7 glom = 7] <l
473 latent representation®} &
MNIST!'?9} CelebAl'” vl o1EIAl S E3F 49 @sﬂr = de
o] £45 AFete A9 7Hsds BolF]lh o A
be g 7o SRS SFste] shte] EmloE gt
A

o)l of =
N
ofN My of

O:

A
o] 7Fsd 71 AToke 2 StarGANHR shte] 217
& T ol mEcleR %%01 ﬂbéﬁ WA= A

(b)
St CIO[E] OfAl. (a) = AW HA, (b) FE D4, (o)
Fig. 1. Examples of data. (a) Face front image, (b) Wrinkle image, (c) Pore image, (d) Redness image

_,EI 1. XI

2T 9M (d) BT GA

o oo

BRA o2 ol8) 7} ErQIo) N RaS FANA g
shio] Rdz BAZ AT + U0l ANTFL 2Y 5
Atk © uebt wle] H: A2 &4w BUs:
AUGANIo] Aot gieh, T/ &4 BReTH 4

of| A StarGAN} H]5238}A] T AttGAN-> latent representa-
tionZ &4 ko] FAE RUHItE Holld HEth
StarGAN} AttGAN-> 7 &80 A A2 G2l A=
AW ol A7NAY sBlEA A A S &) 7
stk gk AFolA dIeks, 79, G 2EdR 2
- 2EF Wsto] 7P miAlg wigto g 9] fEe] WS
M= 88 X3tk 183 AR FEE GAN B2d&
o] g3l oW 24 A& HYL 3h= InterFaceGANPIo] A9k
Haok 94 # d 2151 GAN inversion ““?jiﬂr 01:’11‘]

M. o5 ojMes =HEg E5 g2 4
e T
1. 8% HIo|H FE

(c)

o



372 WEeE =R A27d A3%, 202249 52 (JBE Vol.27, No.3, May 2022)

Fdel dasith AR A& G IR 24AF FE
317] fsiM e T3 847 A w9l HE A A4
S d8&7] el B A B0l AQFTh whabA
Mark-Vu I #4718 o834 do|EE 53t 7}
| 2}:= CANON 100D DSLR Zdo]7 Zrol= dukgd
A9 MG, el Higo] 9lom H A= dnkdal #
F Yo RRY FEH YR QAF o &3ith vy A4
= B3 9 FH50] o] FZIt} HA, = HAE Hol7]
AsliA Hezkehbe ISt g A7) |79 ojntet
g el d=S YA a3 o WS Aest
A 2AHE o2 o] uiH ™ 471€] §ide] H5H T URbg
FFeERE FEH Eyo] FEEM WY JFoETEH
Sx7F F2E I8 12 A5 dolH dAlE HoiFH
A= FH Fdol met F29 97 24 A4S vERTh
Y Fele dugola 53 RGB 94 75, BT,
S0 A} A7I7F FAIE wARA godo] o &HTh
HAF 018 7 o2} 937 -& O R 2904 x 4354 =
o] A= A9 G AS5sAth 19 28 B3 telH e

H EX JH2E el T 208 5E STAI7EA] £
2 7V By Feda R dEE #
gated TR 84 BAd &olaiAl stgith T 417 W)
Yo 2 AEH FAZRE IF FydA Aol 1

Face Region
Segmentation
———

RGB Image Face Segmentation Map

Face Parsing

Skin Elements Images

Edited Skin Elements Images
Controlling Skin Microelements

82
2

ngoE B, 34, 34

o,

oy

Os -

Age-specific Distribution Graph

Number of People
= (=] Pod
1%, [=1 [%:}

=
L=}

5 0 5 40 45 50 55
Age

T2 2. H3Y Ex =

Fig. 2. Age-specific distribution graph

2. Metsh= = 2 71

2 Aol 2= RGB G734 Al 24 o] dHe
2 2ol Al 2E e oldd d= 9=
st Aol disll 8] Mgtk Albele 71

Label Image

T2 3. Mok IR DMe4s ZE J|ge MEs U= Mol MA mjol=zlel

Fig. 3. Overview of the proposed facial synthesis using face microelements control technique

1
Face Parsing, VA Q.4
Zeh Atete d= ¢

Pix2PixHD

Face Generation Synthesized Image



ARA 9 190 Y vALA AL FD 92 A4 W 373

(Yujin Kim et al.: Facial Image Synthesis by Controlling Skin Microelements)

=]

ot

ol

rr

ne

o

o2

i o
o fo
o

{:oc?on:

stk FHS Slei = 92 RGB 970+ 2kl o de] I
ate} 2l A AAS el WA CelebAMask-HQ H ]

Al 2 & BiSeNet™ 7]4} Face parsing 292 ©]

i)

=]

S35 d= Ul I, 74, I, SYE, olYE 99s FE

gtk ol A= PHE TR Ao E AREARD 97
2 AT E8-E Fh T3 97 BV E 58 &
5 84 GAE ol&ste 2 At 107090 2
de AT HE AR A gl FRE
953, w4, Z, SlYE, oY, 75, BY, $&,
¥ % 2ot I #4712 549 9§ 84 F
Yol &l Face Parsing W 0 2 5-E dojx

N
o
)

o X2 WY o2 X of N oM of it fo

L AE AAE o8 AXY AL i
de W olFold o U4 Fae Hul
S =) A8 BN e GG A L8F AA
o EE, FE% 2F] AAE G90l 7] 0E
540 S0 EAT 3F Leiste] s 37}

of
—-

E oo

)

24 gols 2HT P FES tedsA Ads
= bl 1y 7S kel 2 ER e ) g
AT A PR 24 Bl SASE, B 24 St
R 84 FAE UE 5 ATk WA, 957 84 T A
5, BF, TE0 2L TR 24k dWHOR J)E 95
S 71RO R Wslehe e HAlnh wEk o] A ol
o] 9% 247 EAlshs A VIF R 9, ofd, 9%,
2EE ZA S F/HAT WP 2 FES Fo I
a7 EASHA & A0, EAT A1 gk 2 Ak
R 84 h AdE 7E AR 227 EARG D4
We VYR 55 Fol 0 = 1 3 2 sl @
d SEs AP A oY AR 05 9 T glen
2 m=elAE & 3R A3k Ak 71N S AR
& Al g e Bl GYCERE 7t vR a4sE
AR B2 2P 9S4 5 Sl ol it
HAL 3 847 E9HE e ARAQ A 9= T
g SdTh E3L 71E IR 24 A E AHste] 2l
Fde AR AL AR Wl FAE Sk AR

o AR AF el AAH T A Y W PIL

Pix2PixHD F92 Pix2Pix1& 719tO.2 3o 3l 3}
Aol gsteta e G WS Thes sl

E=EAME P2PixHDE 2 94 L9E o§-sh=t),
Alell= 53 RGB @43t 2hd 7ol #o) o
2 o7t e AR EH d=E RGB 9=
o MEAD 7= AR AR P4 H
, 2R A WEA 21 E ST olE
& ok A =] Aut 27104 S
Abete] G2 qtdllA AAHom A e

HYS A B E olgater

[o ox i i
H o

O X

rE i rlo
Z
1o
)
£
o
o
=
=
aQ
S
a
il
o

H
o] instance map-> AHS-3HA] ¥okoH E =

sk ehd Qame olgatdt

O N Y Ay off X0 ¥ O for rio
:Oul-'L
o,

=
n>
o
[V
il

S}t

[y}

1>
19

Fo A& Mark-Vu I35 £47]
T} H2Ed AMEEAT F 1849
& dolElZ 164l teh G4 ARSI
91l 2078l tha G ARSI Th ARSH
= RGB 944 5, B3 ¥ 3% 5
AR Gako] AL 2004 x 4354F A7E AT A I
B AH7F£AEEZ 512 x 512 SIAES /M A7 2
2} ARtk 1 HlolHE F 7,5447% 0] HAE o]

ElE 9207 0]t

B AjoE dF A4 U2 Pix2PixHDPIE A3}
o, AR7F FAA R I IS Ao R FHo]
A=At s sHeprlEl R 5 E whe] A(Optimizer) & ©}
H(Adam)S A3 T 85 E(Learning rate)< 0.0002
2, batch size= 16, epoch= 200% X3} Intel i9-
10900KF 3.7GHz CPU$} RTX A6000 GPUS #&H3st 75
B oA TS

3 x=
T
ALS.
=

— M
-
ofo

L S
i5
A
o

A

e}

Mt Hot o



374 W43 EEEA A277A A3E. 20229 59 (JBE Vol27, No.3, May 2022)

B e AdsHe s 92 94 2 4 A
Face Parsing W& AHE3H4 @S wlel A4 2 3
B7F R v $HE APk TF & Pl Bl o
2 9% 247 92 8L 28se] Toke 2 G
YATOEH AT FHS ANT F 98T Ban
AASHE S B Ao B 94 9goE
Wol AF Y RS AA G vl T 49
e 93 99 9UE B01 A9 T P

ax
X AgE o] AHA
o G et 9 5e 02% A el dish 4
2hd oJdel wE A AIE VeRlTh 2904 x 4354 317
o 9GS FH wo} FUSH 512 x 512 A= 2t
B 2E ) Stride 271 322 AL A= FES
RGB Hi& AAtete] 2AAXHA oA = AA <
etk A= FE7F /A8 A GT 9743 vssiAl

Eyearea

Nose

Mouth

GT Ours Ours

(w/o Face Parsing)

J7 4. 42 g0 mE YNE At
Fig. 4. Qualitative results of partial facial synthesis

Ry AMdAo 7 IAES BTk

A J7EEA AA G SE 94l PSNRA
SSIM 23 BojErh 94, 4, 2, sldds, oFElds
ZH= Face parsing "ol 9= 94 Aol vl 93
37}¥st7] $18ll Face parsing "
Atk o1& 98l T8, BY, &
2 o]Fol 2pl s o] &3l
0]94 HOLH‘:JIQ.
WS 2451905 W PSNR¥} SSIM A EAA 1 =& 4
Bt}

S
==

XN
=

pNe)
[}

o

1. d= Mol M Lit
Table 1. Quantitative evaluation of facial synthesis

Method PSNR [dB] SSIM
Ours (W/ Face Parsing) 25.59 0.7295
Ours (W/o Face Parsing) 24.55 0.7221
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