’m Check for updates

Journal of KIIT. Vol. 21, No. 3, pp. 107-115, Mar. 31, 2023. pISSN 1598-8619, elSSN 2093-7571 107
http://dx.doi.org/10.14801/kiit.2023.21.3.107

AT T4 229 A =4 ABS 489
o

Blind Heavy Rain Face Image Restoration using Statistical
Feature Transformation for Each Facial Component

Chang-Hwan Son*, Su-Yeon Jeong**

o] A AHNERRFA T AUOE FxAFATY] AdE ol £hH ATFU(No. 2020R1A2C1010405)

A AFATH MENA 7ESs A5 AFY CCTV/E A= gk a8y, %3 CCTIVe A9
AAE 735, g 713 AT . 58] F5 A0 29E d7 3L 29, e, A
o= Qe Yo spdo] EipEo] oA AE Y dF AEs oA WeEH wetd £ =RdAde F§
A E9H e 93l dE A4 e HE EERIE VY] 29 dE 97 B VM e Adeid
53], d= 74 840 AWE A A% 8 dE g2A dus AAs] 7, d= 74 248 A4
54 ¥ mds ARt A3 2AE 5, Add mdo] dF 74 849 HFEE Eola s H
ZA st A due AAT  se BAT

Abstract

Recently, intelligent CCTVs combining artificial intelligence and network technology are being developed. However,
when an intelligent CCTV is installed outdoors, it may be subject to various weather conditions. In particular, the
image quality of the face images captured in a heavy rain condition deteriorates due to blurring, rain streaks, and
noise, making it difficult to detect suspects and identify faces. Therefore, in this paper, we proposed a blind-based
heavy rain face image restoration technique to improve face recognition of images captured in a heavy rain
environment. In particular, a statistical feature conversion model for each face component was proposed to improve
the sharpness of the face component and remove color and face texture distortion. Through the experimental results,
it was confirmed that the proposed model is better than the existing model, and it is possible to increase the

resolution of facial components and remove texture and color distortion at the same time.

Keywords

blind face image restoration, rain removal, superresolution, intelligent cctv, generative adversarial networks

* FAH st AT E oSt wa(AIAAY + Received: Jan. 04, 2023, Revised: Feb. 01, 2023, Accepted: Feb. 04, 2023
- ORCID: https://orcid.org/0000-0001-7077-3074 + Corresponding Author: Chang-Hwan Son
wk LAY ST AZE 0|8y} SatatA Dept. of Software Science & Engineering, Republic of Korea

- ORCID: https://orcid.org/0000-0002-2431-1597 Tel.: +82-63-469-8915, Email: cson@kunsan.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2023.21.3.107&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

S CCTV ZAIE 7Hgtel JAFA5 7]
ALe A5d A7 AEEL o A
7hlgte )17k A7 7SR ofuel Al
HIEE A 4 2 43 FEHA A

g Tekt o] A5

AN ol ddE AE, A

or

o ofl o>
s
>
Y
)
=
™
rr
I
1%
of2

B o> 2 o oft o

1= f
AAA AT ¥ FE 542 2T 5 A

M4 53 29 874004 298 92 9y
Bejd, e, NEVIE A8 84 Asbh wAEn
714 299 A3

BlZ7|(Rain streaks)E
IHE Mt g
H
=

~

v
Jlm
ol
:Oé
ox

St b
i) il
Mo
u% -
4 ol

S o F{F >

of N

o

e

ot

2

1,

5

ae

[¢]

BEomow

degradation model)®] IEHEHE uAHSHA| Fal =+
T+ d= Y A=
£ d= 94 59 7I'H(BHRFIR, Blind Heavy
Rain Face Image Restoration)S Z7)|stalz} 3o},

71Z0 tEA9l Egole d&F B 7|¥(BFIR,
Blind Face Image Restoration)>.E+ PSFRGAN[5],
HiFaceGAN[6], DFDNet[7], GFP-GAN[8], GPEN[9]
24 Fo] otk 53], PSFRGAN EH2 948 A3
T AE 9T SE T I 2S5
AR W s EE 9 g Bee] H g3t
4% wAYEY I Yo WBAT ol
3 71%2] HiFaceGAN¥} DFDNet ZRRT} A&
gE o AgstA 572 5 AU

2 AFoAE 71€9 PSFRGAN EdS 153}
3lo] BHRFIR #ofol #Hgstuz o 71&9
PSFRGAN Ed-& “ItJZ BHRFIRY] Z-&3}4, &,
2, 4% 2 dF T 249 ABETE AsE A
U A 2 dF oR "aAoa g EAVE 3
A3} ol2|gk BAE sjAsty] el B =&olA
, 3, 9% 22 dE A 84n FAA

N
Y
=
ek
4
e
rr
s
i
rO
[

=
¥

oA Hi

A%< 7k PSFRGAN Edd| thal] &7)gt) o)

2 H(Convolution) TAHS,
gt ¢4 (DAl E2%
z

Yk 71949 ZE), vl BE, W7 Be,

A7N(p)E 7HFAIRE, B, Pt FE Y
[3~15]Atol ol A AT 3HA
o= [525]914 AE

16

Su
(o]
Buiiu)

goto] e A=E A4 A
[32~256)Atelell A, JPEG, 45 FE(q)

oloM AEF It

i)
a
Mo
!
rr

22 PSFRGAN 2 =

I8 1€ PSFRGAN REd9] Fx%E

Jea 2 HEE A4E g o 2eal ZEHY

Aol

sk, 24 FE9 A
i A=) T S
WE [0-25.5]/ 0l olA A&
J 3 g g

[10~65]AF



Journal of KIIT. Vol. 21, No. 3, pp. 107-115, Mar. 31, 2023. pISSN 1598-8619, elSSN 2093-7571 109

Cx16x16

I

| SFT Block !

SFT Block

SFT Block

@Convolution g Leaky RelLU 6 Instance normalization

2 1, PSFRGAN Z& =[5]
Fig. 1. Architecture of the PSFRGAN model[5]

}\g}\gx},}i ﬂﬂ] 6‘]-}\-]—' ]é, )g 7(6]% X138 ‘IQI‘
AlS(Leaky ReLU), A} &S (Residual block), <l
H2 A3l 7 F(Instance normalization layer), &
HEZ HIKSFT, Statistical Feature Transformation)
S% 2 ?HHE} £3|, SFT £5-2 PSFRGAN &

Ao ZH A YT gg g3 A" o

AN B EERAE oL BAA =
| A8e Sadn WA, A4 54 Wae 9

gw ST

o

2
A
X
*S«
;—]
mlu:
é
=
ofl
ol
fd
ol
o
A3
3

2
o
oX
b=
e
(TR
2
oX

o
o
s

rir
WA os B

i
%)
H o

2 oH

—
2
5:&
AU
- 1o
z ot
T e
S E

=5
e =
ON—E—"

XN
Oirﬁ
[l
o 1o on
o o °
Xl z9

H
Ao B 0}7] 46} FAH 4 W 3
Z

S B

A B BA FEE wdels AAE onsith
Fu2 4 (32 ST & % :

1% 19 PSFRGAN EdoA THAE 7]&9
'/j:
=]

2R g =E[10)3% %oaowﬂ sud BE712
AL AR THAE dF it XYE I

Hai,

5_ Sloie) Belols E= 9F ¥y 2

PSFRGAN[5] #& EZRIE d= &Y 7H&
A= d=
Tl tido=E &

, /\H/\I-J,]. g gl A

© "

ol A9t nd= 7H/}jf§ et Sl

7]1&9] PSFRGAN Eda= 2] A¢kst
2o Bl s M R i d S



110 €= 74 249 §A44 54 S 483 sl

A7) Qs 92 A 948 SFT 858 A4
Atk 281 9F T 248 BAF 54 W
& FYstn Y ARE Fdshe 22 AN
o olg B3, 42 74 24 FH 5 S
Askela At g2 o) dge o

:}_a] Zhli

L= (I ®Fk,) |, )
238)|’d3K(Superresolution)[ 11][12] 713}
9], AEE vEd ZEH FRe 14" Aol
oflet 284 AF3 WAtE WA AAEH
o AA A 2FH dF Y e 1L
AE Zro] olygt spasit) weld Bl sk
9 95t welo] A4 B9 o AT 1

B

9]
d 29 FY2 BEIE Ve g AgE Ay
4T e HAEn ¥ 2], A=, =9
A% 5ol BE Ae AT =+ Stk

A, &5 53 Aoy e AddE dF
LA F4 BN A= A anE
F7kshs oItk £ #A MY A Sk
A RZE719 NE7] F2o0] ATd[13]

Resolution
Conversion

F

High resolution Image

71 = ARE HE = Z =
o]t} :LE]_'ﬂ_ A, T, S, o 4% qm *L%%(Air
11ght) 23

a9 32 A d= 74 84 FAF EA
W3}k 7]6ke] BHRFIR 29S HoFa gty 13
1ol ANE 718 97 I 59 71H 7
Z zolde dF FA Qant B4 EA W
38 Ag3te Aotk I8 39lM &, =, Yol
g3l SFT £5& M= A4¢ A & 4 ok

e hae £ EA o)A F577}X] ]E}
13 301]*1 % E

Heavy Rain
Generation

Heavy Rain Face Image

O8 2 SERIE £2 = g 44
Fig. 2. Blind heavy rain face image generation



Journal of KIIT. Vol. 21, No. 3, pp. 107-115, Mar. 31, 2023, pISSN 1598-8619, elSSN 2093-7571 111

/ : SFT Block -n A -E Meeew] . r———1 “F— JsrrBioc SFT Block
Y (Il] [Ll> SFT Block
P B i Ko {57 siock] || SFT Block
M Ak | o _SFT Block %

".ibﬂge u -SFTBI::k [
e = [ |
. in A FT Block - v
o " S e sroen] g
4 Yool¥in ’ P\
v A 7 A <
7 % //’ // // ’/ ° @ ., 7 5
7 pav BERS D el X A
il 2l 7 F ™
Cx16x16 M
Convolution Leaky ReLU Instance normalization FC-SFTF
& & & =
% 3 d= 74 24 SHN SZHE JHie| BHRFIR 22!
Fig. 3. BHRFIR model based on statistical feature transformation for each face component
vl yiy] = 02, 1) ©6) A FAgtE Hol b2 4 (7)2 I¥ 3904

oF Zo] F? 54 el 7R HE3. B
A4 % 22, 4 @A 97 74 22g b S P 7IES dAdl de AR 99d sETE
71 s 7 ZEATE & e [sare] 89T O" 40l A 7 asdE B

o] HEPL AN P& o2& w3 ¢ o A 54 W] 487 A 92 ASE T
2 AA 99<e g 183 ]z']’ ];,’*E 77t FAEY 19 494 o= 92 ASE it
WAl AZoH CeNze @ AgAt Ee o 13 4004 AAFE FCSFIF £5& 92 74
gl (S THE % o o= =T sarith A gAY BEA Rz slst7] W&
T E 9F PN F28 92 T 84 T e .
e oo N . of 92 T4 84 MHEE jdetn A
=L o 5 i = o Al
84 FFUASL Hes gt IF 3904
SFT 828 dF 74 24 AN (1), [HE v & Dyp(F)
Gol  Edelel EAA 54wl AR -
lvi, v, FREE 299 Yi=1s Vj=ip R, —
J=
I8 47 AR d= 74 84 7N BAA & g%
AW 3+ (FC-SFTF, Facial Component Based Yizzss Yi=2 Fi
Statistical Feature Transformation Fusion) £35S Hd p /=2
F1 9lth FCSFTF B2 old A%< 54 4 Viess Ve [ o
(Fh dF 74 248 §AH 8% et Y
Ayl Sy, B YR ol A 54 wEs Y aor ¥oran ] .
TR j=4""]
1%
i yi 74
o gpup(Fiil)_lu’j(@up(Fiil)) i j=5,50 Yj=5, Fjg—
F:yj,s i—1 +yj,b (7) _/
o;(®,,(F 1)
a8 4 Hokst A2 FA 24 J|Ht EAN ExHE
- J_J.x.i
A Qe Aol 9 T4 24EE BAA s

o el = ] - o Fig. 4. Proposed facial component based statistical feature
HeS 433t 3 7Z(Concatenation) AlZ5S AH&- fransformation fusion



124

o

fol

41 AlS

=20

r

gk tolEle AHlY dE YHeE 744
CelebA-HQ[14]2} CelebA-HQS] <& IHA <l
CelebAMask-HQ[14]5 AH&-3lth. & 30,0008 0.2
A ElolH FolA 18,0004 T HFOZ 100
A& H2E JFoE ASAT 5ol AHEH )
A F7)= 28, AEL 100, EES 0000282 AH
ok A8 HA3 72 obd FE o] A (Adam
optimizer)[15]°]21 Held ZHUYYIE PytorchE
AT &4 FrE 99, PSFRGAN[S] E@of A
A AEY EH(Reconstruction loss), 2T =41
loss), AlHE <14 A

Al
(Semantic-aware style loss)E 1= 283t}

4
1
4
.

(Adversarial cl

& vtk 18 st 4% 23 Gyol

AR HA 42 98 TEEE Yol F ouA
e Y8 AWYE 5 dF Gt Bels
N G 45 mue HEqy) HEd, AHE A
9 g, W27 4%, 29 ee a4sA
% 4g AT 4 42 I4S ARAT

A
3}
7]
Z:—ﬂ PSFRGAN-S B
Gelol A B2 o) Fo] BAFAL Aato] AR}
O g7} U AL 2 4 9tk 181 9F 7
R a2 duyt AskelA B8 23 o 5
Jot. o5 9, A WA P PSFRGAN A} %
Aol A o] AHEAl BEEA ek T owlA
3¢ 7&401]*1‘: U oj2o] WG AL B
ok, w3 w8 Aapo] Aua g W

ne
i
of
o
)
rio

e dEd ¥ 7 AdPa dE g2 XM]
3 Ade AAT 5 YT dE =Y, ‘ﬂ H
vl A oA BlaA] o] & AAH

A WAk vpAE oA T%ﬁﬂr

z o A% BAF AL B
J

so
)
e
"

> o oy o o oox
oy
ol
Ruj

Ak o] A AF}ES EhE, A3+ FC-SFTF

42 U dEo A AR 5 WE B 4

A EXE HEEt HE dE 74 84

HEE MAsta g2xxet A g ds &
AAE = J&S AE2AS F AU

43 A =t

A
08!
N

AZFA sd HJrE e, B =wdAe A
AT fﬂ S HI(PSNR, Peak Signal-to-Noise Ratio)<}
T24 FAHI(SSIM, Structural Similarity)[16]= A}
%%E‘r SNRS E9E dabml B oA 7}4 5

i 12 H2E gl thgk PSNRI SSIM 4]
ANE BAET) oA B0l A 7ol 7]
£9] PSFRGAN =@ H|3||, PSNR3} SSIM # 7}
A B e AdE 59 S AR 7l
PSFRGAN =dlol| H]3 PSNR <7} < 0.6dB
=7 AAEJI SSIM A= 9F 0.06 A= AekE

At} o= A¢FF FC-SFTF 7|Ho] 9= 4 84
o] AHTE /AT ¢ S Bt oplet = +
A 949 Bds £ o A BYsta g2A

o Ag AT AL B AAT ¢ YsL o
g}

1. 84 =1 got

Table 1. Quantitative image quality evaluation

PSNR SSIM
PSFRGAN[A] 17.9213 0.5940
Proposed FC-SFTF model 18.5709 0.6404
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