’

+

(2020, 11)

U-Net 7]HF9]

1

°©
el

H|27A H|2

=

|
°]-&

o

~—

=
sangmin010203@gmail.com
Dukshin Oh*

B WIE=Z
), Aol =}

3T
IT

1

°
<k

2020 =c}

, Gaeun Kim", Jin young Kwon", Hye Yi Lee", Jongwan Kim

++

dFHE

3]
S}
§

U-Net using Convolutional Neural Network

S0
Face Frontalization Model with A.l. Based on

=
Sangmin Lee®, Wonho Son™, ChangGyun Jin™", Ji-Hyun Kim", JiYun Kim',

Naeun Park

Ak

]_

T R W E o B R o ol T ¥ ® W
dom T M AL T T W T E Mo T
NrmmﬂwwmoU Mﬂa%ﬁa %%ﬂ%%
s =z T T N
PP LEBE A @ T o
= ol m = T S
&moﬁTAmewﬂwUﬁ taﬁﬁ.omﬂ% v ﬂridl.ﬂo T . Em
o= T — ~ — L
B e o Z o mesme WH g T M
o o % <1 ) T B o N N B
W T R T D W o J) o=
= Wﬁ & gy A A op % hmy Dy oy
@r_%wmﬂ;o S -y ﬂr%%ﬁu .zfﬂﬂﬂ
e Y P 9 o T B S
T B Somm Woym = N T R 2
ER e R - TP
BT o <0 W W
W T ¥ gl Fang L LE IR
Bl S g T E O Moo o
uwr %0 ﬂvﬁﬂv‘lﬂﬂkl Ot ,._m_v.._ o . ﬂo ;o.._ \mﬂ ,Mvﬂ ﬁO _)_I ._m_- ‘._mﬂ ﬂ;AnO __,i ol
WE D2 7o MW oy O do oy BT o R0 L . o
H =T o X SN H._}qu]A . 8l % oy o
o} T ) N T < L.ij_. T o - oge[ﬂﬁ
T E D BT & B TR o mi®E L
bo =T W Nr o . o) ol o) . wjp ) B o o = ol oy 1_,mo1,DrF mﬂu
. X X° MR T NN T B o ™ 0
o i @%% uir TUrol B R WEHPT o ™A
_— ﬂ]‘mu_ml
N2 %
ﬁﬂo%%_s
BB s 9P
B 8L BETNT NUENE AT -
T e PR Moo KT EwWR %o o
w3 e BT e R M B RT Pymw o T
o] uwcd!oi 8 = o X w~ o o) o B o o oy -
R X e I “HC . TR T
WH%AT%% Eﬂmﬁ%ﬂﬂ%%%% ﬂWriﬁ%mm 5
TPl PriR s B Ll 9T E® W
pary) — q —_ 0 Q ‘Ir‘._‘A ZlﬁA MH_ _Zfl
S 2 A e S B
— ° TN {5 o =T R & KTz
=W i Jo X g & w2 x
wp X0 M i op < = oo Eq i T ) o
L T o Ecg® e mMET Eh | o
Iﬂﬂo XL ﬁ_u_zT vi OEM‘MI[EOJI‘AO m e EE - Og_ ‘._m,..._ Xo,.m_pl o BF
M%ﬂbwﬁowaﬂoal or E,UIJMWPL aﬂﬁuﬂq%ﬂﬁﬁpﬁx_@bq ﬂWr
= K T sl 2 s R ns (25
i e ek TP T E _BrTdm o | s
Tom _me P e mr X TS =BT g MN
ﬂau]q}honn ol Jlﬂ,ﬂor_ﬂﬂu . X dnmmo o[B8 H%%
- adomﬂ% W Em T R R g E 8w
L N =N 7o Neﬂﬂrﬂmuqoo_ei Nr | SR
oAl o ° o~ ) 2o W m N o) o
LN_IL st NOES KN -y S —~ g ol e
i E =) Gl _lelLu _ o B o) N R 5 e
_ \nmlx_ 0 ‘_mwa o 01_ OT_ S W o Lt Mu_lL o OE
TR T ool _ e RE R TGN HB | T
~ RPTETNHSTERTH BFITNE |ox

ol = st

==
=]

- 685 -

(NRF-2018R1D1A1B07045642, NRF-2017R1D1A1B03035884).

§ @A A=A (ohds@syu.ac.kr)



2020 222l FA|shawED

i3l

=27 H272 ®|23 (2020, 11)

7t bsetAl sl gure A7vh AAEAT el
9s AHES VMo R, i e wE v
/\1 o7 E xgzﬂg}‘—

e FEFI AWEES
conditional-CNN 7% [11]e] 1] AlE o, %7]9
3 2dd 7|y AAF 22 o AE AAstE
AR A AR (Generative Adversarial
Network) T"2E5 HEsle AWHS AAMIGE 7|9

[12]= o= Ao}

2.2 VGG-Face

CNNo| 5%3F o]3 Labeled Faces in the Wild
(LEW) Wi xlup=L [13]o Al k9ol 7}7be- Qb <12
o] 7bsatA HAH [14]. kA" xr o)t w7, <t
W Zhe7F pefek A A= QA Eo] "ol 7] o

ol o] EAE A= AT JaA=HAT [3, 41
VGG-Facex imagenetorgdl X %55 AE
VGG16 A7 [15]e0] ¢td dlo]e & st5Azl 2
olt}h. VGG-Face: 4 & %9] CNN< FAste =
oy v e wslx= ZFlsty [16], +60°2] <HA
o %= 91%9] QA ES HolFE obd <12 mdo]
th. VGG-Face WX EAs= 7 55 AASH
W oot 54 F&F AAWos A8 4 9lo] W
olu| A & AMgsh= AT [17, 18]9l AF&-¥ T}

2.3 U-Net

AR FxoA JY HolHE ST
oF oAl 49 dlolH et 2 Al HeolHE &
st "agR A" AAYS LEQI=
(Autoencoder)2til &t} U-Net> Q2 EQIFT 9]
Foi, oA dHeleE thErh U-Net T+2%
oA olm A& WFAZA wrirh st FolA F
=% 534S 972 (Concatenate)dte] F714< A H
£ d S AH&ste TR (2" 1), o] WY ~
#1 44 (Skip connection)o] 21l g™ T oA
tlol g 5
= &4

O]—Z ],‘—‘ O]

i

of £2E 5 9t

(38 1) U-Net #ZE 72l Ad ol oAl

U-Net2 8 dolge Az FA8t= del
Aol Aol HlojEeoA Fagh JrRIF Fold
+9sH4 st} U-Net 7+%¢ o]# 3k

Z
a
-
BN
i
>
o
o
9
r O
(2
o
6%

Z@e ode E4del Au FE37] o
ol muHel AAFE FAGE Aol Fas
B ool by Aws AR 54 FFo ol
W VGG Face® Al4dl: SAFE 217497 o]
Aol An £42 w7 9% U-Netd A3 4
WY Ao FARAG (1Y 2)

3.1 ¢tH 53 F& MZFY

2 AT A= 1] AEAR] P AE Hojd
Aes BT VGG-Face AFASHG mdg 7]uto
2 54 FF AAYS AT AHTE RS
AREEE A AR AATS 57 ARt
ANzt Ao el gapHolmw [20] A7 e
AHEE =Y & Ut

VGG-Facex= 13719 &4 ¥ =3 5749
Maxpooling d4te =z FA €t VGG-Face® 49
O R 128%128+3 719 bW oW A7} Eof7iH,
4x4%512 A7]9] EAS FE3F Maxpooling A4F
o] mxut Zojt}, F7lE, dF:YQ] viAY F& 7

ToR L o)FE UNet #x22 AHE3H7] 913
1024 #7]9] EXJE FEes FE T SuE F
7hete]l ATH oz 4#4+1024 A79] EAo] FZEH
o}
32 M MM MALG

AT 7E kwle] AR 5L FEohs A
Aeatehs, 4w A4 24w el gojAu
FE AAE TIge] ok ek =il o
s ofulA Ao Hold A w AAFGH 54
T o =44 7 de 548 HESE U-Net 7
zE A}% 2.

= oMY $AH =7 5719 Upsampling
‘?ﬂ’?}&i TAEY, Upsamplmg ojlx e V=
Zt= Q13 FoA EAHS AZSI W ol R

- 686 -



=75
76.6%

+60°
80.1%

+45°
82%

+30°
82.9%
71.23%

(2020, 11)

=3

85.32%
69.68%

30°

H|27A H|2
OO
-15°

x|
=

]_

[e]
pul

1A 7
=
T,

A
=
=

=T

COMTRUE®] Face Similarity

Analysis [21]52 AF-g3o)

R
.

2}
—‘O
g Al
1,080,00071 <]

J¥e 4
pz|

E

=

A

st

S

o v 209

2020 =c}
o

5k 3071,
5}

A A
1] tg—s
dlo]E 9] 300 ZF 2807 <

=
At

=

=

=

g

CEl
dole 2 A4

o A% dolg® A

2=

H

Skt

AXe, =% A7l %

o] dlelE el

S

)

°
o]

AL

]

=]
=

=

VGG-Face®} U-Net2 AF-&3+

s, FHoRE - 15°5-E 30°714] 9

EEs

2070, =% A7
12] *4= A

5=

[22]

o_l|l

dlol8H =
S

al

?l_

A3l

=
=

BoE VGG-Face

A

oo ook
dﬁowe,
= B

N

)
5

_
N

W
G

H

~N
|
™
0|
~a
A=

, U-Net +Z&

o N o T

o E ool w

- o B o
X %o
N
= o
LXK
TE
ﬂM,o|;oL
cap—.

io)
ok Aoy
X N o
g AR
o0
&= K o
E.w‘l‘m
of ™
X3 o
o5 <
o
=K
RN
7
o

wHE T MW T
gadl.oﬁ
M = B¢
W e
oWUFmZU.
o g &2
P e
o ™ U

s
" < oF
oo
ﬂwLUﬂoE
Moﬂ%

M=
— =~
W N
o i
Woaﬂﬁo

mﬂrL p
T oA
o W [
B W)
To oF M E Ao

shelch.

]
=y

olul 47k Aol 77t

|
if¢
_l|_
K

FAETL 4 skt

Vision Researchers Should Know About.”, in Proceedings

Graphics, Patterns and Images, Parana, 2018, pp. 471-478.

Recognition: A Survey.”, 31st SIBGRAPI Conference on
[2] P. Sinha, B. Balas, Y. Ostrovsky and R. Russell, "Face

[1] I Masi, Y. Wu, T. Hassner and P. Natarajan, “Deep Face
Recognition by Humans: Nineteen Results All Computer

- 687 -



2020 2z2fel FAlstewE 3| =8 H273 H|22 (2020, 11)

of the IEEE, vol. 94, no. 11, pp. 1948-1962, 2006.

[3] M. Kan, S. Shan and X. Chen, “Multi-view Deep Network
for Cross—View Classification.”, IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), Las
Vegas, NV, 2016, pp. 4847-4855.

[4] F. Schroff, D. Kalenichenko and J. Philbin, “FaceNet: A
unified embedding for face recognition and clustering.”,
IEEE Conference on Computer Vision and Pattern
Recognition (CVPR), Boston, MA, 2015, pp. 815-823.

[5] R. Huang, S. Zhang, T. Li and R. He, “Beyond Face
Rotation: Global and Local Perception GAN for
Photorealistic and Identity Preserving Frontal View
Synthesis.”, IEEE International Conference on Computer
Vision (ICCV), Venice, 2017, pp. 2458-2467.

[6] O. M. Parkhi, A. Vedaldi and A. Zisserman, “Deep Face
Recognition.”, Proceedings of the British Machine Vision
Conference (BMVC), Swansea, UK, 2015, pp. 1-12.

[71 O. Ronneberger, P. Fischer and T. Brox, “U-Net:
Convolutional ~ Networks for Biomedical Image
Segmentation.”, Medical Image Computing and
Computer-Assisted Intervention, MICCAL 2015, pp.
234-241.

[8] X. Xu, H A. Le, P. Doy, Y. Wu and I A. Kakadiaris,
“Evaluation of a 3D-aided pose invariant 2D face
recognition system.” IEEE International Joint Conference
on Biometrics (IJCB), Denver, CO, 2017, pp. 446-455.

[9] T. Hassner, S. Harel, E. Paz, R. Enbar, “Effective Face
Frontalization in Unconstrained Images.”, Proceedings of
the IEEE Conference on Computer Vision and Pattern
Recognition (CVPR), 2015, pp. 4295-4304.

[10] C. Sagonas, Y. Panagakis, S. Zafeiriou and M. Pantic,
“Robust ~ Statistical Face Frontalization.” IEEE
International Conference on Computer Vision (ICCV),
Santiago, 2015, pp. 3871-3879.

[11] C. Xiong, X. Zhao, D. Tang, K. Jayashree, S. Yan and T.
Kim, “Conditional Convolutional Neural Network for
Modality-Aware Face Recognition.” IEEE International
Conference on Computer Vision (ICCV), Santiago, 2015,
pp. 3667-3675.

[12] X Yin, X. Yu, K Sohn, X. Liu and M. Chandraker,
“Towards Large-Pose Face Frontalization in the Wild”,
Proceedings of the IEEE International Conference on
Computer Vision (ICCV), 2017, pp. 3990-3999.

[13] G. B. Huang, M. Mattar, TaBerg and E. Learned-Miller.
“Labeled Faces in the Wild: A Database forStudying
Face Recognition in Unconstrained Environments.”
Workshop on Faces in 'Real-Life’ Images: Detection,
Alignment, and Recognition, Marseille, France, 2008.

[14] Y. Sun, DLiang, X. Wang and X. Tang, “DeepID3: Face
Recognition with Very Deep Neural Networks.”, arxiv,

2020.
[15] K Simonyan and A. Zisserman, “Very deep
convolutional — networks  for large-scale  image

recognition”, arxiv, 2014.

[16] P. J. Phillips, “A Cross Benchmark Assessment of a
Deep Convolutional Neural Network for Face
Recognition.”, 12th IEEE International Conference on
Automatic Face & Gesture Recognition (FG 2017),
Washington, DC, 2017, pp. 705-710.

[17] Z. Qawagneh, A. A. Mallouh and B. D. Barkana, “Deep
Convolutional Neural Network for Age Estimation based
on VGG-Face Model”, arxiv, 2017.

[18] L. Li, X. Feng, Z Boulkenafet, Z. Xia, M. Li and A.
Hadid, “An original face anti-spoofing approach using
partial convolutional neural network.” Sixth International
Conference on Image Processing Theory, Tools and
Applications (IPTA), Oulu, 2016, pp. 1-6.

[191 Y. Yin, S. Jiang, J. P. Robinson and Y. Fu,
“Dual-Attention =~ GAN  for  LargePose  Face
Frontalization.”, arxiv, 2020.

[20] D. Marmanis, M. Datcu, T. Esch and U. Stilla, "Deep
Learning FEarth Observation Classification Using
ImageNet Pretrained Networks,” in IEEE Geoscience and
Remote Sensing Letters, vol. 13, no. 1, pp. 105-109, 2016.

[21] FAFE 34, http//www.comtrue.com.

[22] sl=rel obd H|o]E, https://aihub.orkr/aidata/73.

- 688 -





