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Murals Super-resolution Reconstruction with the Stable Enhanced Generative
Adversarial Network

Abstract

Abstract: Aiming at the problems of low resolution and unclear texture details of ancient murals, which
led to insufficient viewing of murals and low research value, a stable enhanced super-resolution
generative adversarial networks (SESRGAN) reconstruction algorithm is proposed. Based on the
generative adversarial network, the generative network uses dense residual blocks to extract mural
features, and uses the visual geometry group (VGG) network as the basic framework of the discriminating
network to determine the authenticity of the input mural, and introduces perception loss, content loss and
penalty loss to jointly optimize the model. Experimental results show that, compared with other related
super-resolution algorithms, the peak signal-to-noise ratio (PSNR) is improved by 0.4~2.62 dB on average,
the structural similarity is improved by 0.013~0.027, and the subjective perception evaluation is also
improved.

Keywords

ancient mural, super-resolution reconstruction, generation adversarial network, dense residual block,
penalty loss

Recommended Citation

Jianfang Cao, Yiming Jia, Minmin Yan, Xiaodong Tian. Murals Super-resolution Reconstruction with the
Stable Enhanced Generative Adversarial Network[J]. Journal of System Simulation, 2022, 34(5):
1076-1089.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol34/iss5/14


https://dc-china-simulation.researchcommons.org/journal/vol34/iss5/14
https://dc-china-simulation.researchcommons.org/journal/vol34/iss5/14

Cao et al.: Murals Super-resolution Reconstruction with the Stable Enhanced G

5534 %5 5 ] R E¥IRO Vol. 34 No. 5
2022 4E5 A Journal of System Simulation May 2022

A Y 5 A RO 7 P 2% FE BE 1 AR 7 P R B

Gk T, Bas!, wg!
(1. KERHERY: HEABIESH ARG, (v KR 030024; 2. $rmdape tH5EAHLER, i 44 034000)

WE. AtatHREEE S RAK, SR AW R E SR B I E PR R AR AME R S8 B4, 32
h T — A AL T3 5% A AR AT AL W &9 A8 4 P 5 & H 0k (stable enhanced super—resolution generative
adversarial networks, SESRGAN). #X 4 sk 0z I 24 55 K AhHESE, 4 K I 24 R Jf] 55 7 £ He JRIK # %)
HFAE, 12/ VGG(visual geometry group) PJZ51F 59 F) 7] 14 % 69 & KIER f/ﬁf%?v\/\’gg‘@ﬁﬁi/&]: 57//\@
Ao TR P BRIRAEFETTIRA Z N IRAE AR AR . FREREKY, HEARX Ry PR

BEATHOER, MEAAZRIL-F 3RS T 04~2.62 dB, LHAAMIERZT 0.013~0.027, ﬁﬁuﬁzsésm%ﬁ»@

ARG
K. +RED; Boaidd, A N%, FEKEE, EFAHRL
25 TP391.47 kbR EM: A L EHT: 1004-731X (2022) 05-1076-14

DOI: 10.16182/j.issn1004731x.joss.20-0989

Murals Super-resolution Reconstruction with the Stable Enhanced Generative
Adversarial Network
Cao Jianfang"?, Jia Yiming', Yan Minmin', Tian Xiaodong'

(1. College of Computer Science and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China;
2. Department of Computer, Xinzhou Teachers University, Xinzhou 034000, China)

Abstract: Aiming at the problems of low resolution and unclear texture details of ancient murals, which
led to insufficient viewing of murals and low research value, a stable enhanced super-resolution
generative adversarial networks (SESRGAN) reconstruction algorithm is proposed. Based on the
generative adversarial network, the generative network uses dense residual blocks to extract mural
features, and uses the visual geometry group (VGG) network as the basic framework of the discriminating
network to determine the authenticity of the input mural, and introduces perception loss, content loss and
penalty loss to jointly optimize the model. Experimental results show that, compared with other related
super-resolution algorithms, the peak signal-to-noise ratio (PSNR) is improved by 0.4~2.62 dB on average,
the structural similarity is improved by 0.013~0.027, and the subjective perception evaluation is also
improved.

Keywords: ancient mural; super-resolution reconstruction; generation adversarial network; dense residual

block; penalty loss

55 ANBCAMIERZARZ M, — B LR, X[ AR
I ) Z AR T 2 BT TR S e R ) A4

P ALER BEEARARI L, TEERCTAEEC s s, SR8 R T B 03
FRA R UTVE, LI i B IS 22 A T5 AR 4 b AR s AR R R R

Weks H 9. 2020-12-10 EEHIE: 2021-03-10
FETH : LT = E RS 2R S AU I H (20190130)
BEH: WEI5(1976-), L, WL, #, R AE T EGEAREIERE AR . E-mail: kexdj122@126.com

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 5, Art. 14

F3MBESH
2022 5 H

el )G, A RIS M R R — R %
P o, BE I SCHRGE T DA AR AR AN, B0 BE
1B LR ADE, B P ol A i ™ A AN [ R R AN 2
(R0 T, EOREIILAF P B 1 R AT TR M DR P A E 2
it VA st AR 2 S B ) RS [T A I 44,
Fe 3 T REA PR 5 VA0 B 1 R4 AT 1B AL
Wang? V5 $iE H I FH S50 7 1) B 3% K B T 32 45 X 35k
FeHATIB A o 8 55 VS5t b B I e Y L 85 25 )
R, ASE A SO TT X 24 o SORR S g it s R [X AT
RUVBOR R BE 1 AT A2 52 o e rp— T E S 1) D7 V0 A2 %
A o ACEE I HEAT I o PR, B R
s M EHR AL BEAIEOAR, 7T AR BRIl g
ARG o K — AR R B AN, @l
B RATERIRRR R moREG. Sl
SR FH 2 T IR Y B0 0 R W AT I 7 B 1
HERAR, (Ha B AL G R B s 71
TR AR s A R NVt B T 30 % 147 25
FIR) T RV 2 TP 2 AR 22 IX) 4% il 5 %o B 1] 47
B, BEE{ESCRAN A 7RI, EEN
T ZE N ZRIS 8] 5 B2 5 M8 X 2% B3 N J= B e
7> HERGE T DLy N TR E i % R T
R ITENGE T2 S 7 TR E R 752
L3 HH SR ARG T B B0 B0 o SR T SRR R
B AN i 3 P B Z (R O EEAE S 2R i R
B H & R SR IE AT 2. W W SR A W
PEAEAE O, X =V Afifi (bicubic interpolation, BI)"!
RO TR ™ o R VA& B b 22, b EE
Yy LA B —, (A 2 H BRI AR A v A 4 25
R IR) v o T B G ) 7 VR R AE AR B O THE O R
fitl b, 75 s 20 HE AR 7 H 2 BB 2 TR AR o
AP IR, R 5 R L s o AR 1A
1% % WA IR R, e ek,
BT 52 ST 5 12 A R 73 B R SR T T A
s WRASEH T R RS miE o>
R R L AR T 2o 9 230 I e e iR AR Y
BEAT AW I, DTS A Y AN AN E A% 1A 55775 Wi )
P&, i ELAE UG B T8 2 A 1 i A A

WETT, S ReE Y 9R AR RO BT I 41 B I ) ) AR

Vol. 34 No. 5
May 2022

Chang 25" R P JR5 30 28 11 15N I JF 2 = (1 8
TR BT AU A\ I 7 AR B @ 5%, Yang
SRR AR 45 5 32t 7 3% TR 2 n 1 B 4
%0 Dong S H FE T 5 BT 22 I 28 08 40 1 2
# 7 SRCNN(super-resolution convolutional neural
network), SRCNN & ¥ 5 %% =) fE i 7 5 b (0T
iz AR, B AT =R ZEAE AR PR R TBOR
25 EUR I RST A = =B R 2% FI AR 1 ik
S 28 AR E r HER I ER . o =R B R
AR 3 AP ER: BURII IR IR IE R, Ak
TR AR B A & I B 8 T/E . Dong %1
1 FSRCNN(fast SRCNN), 7EM % ¥ SRCNN
AT T oudk, fERJE— R RERREBORRST,
SR BN RRAZ AN T 22 (R S RIS 0 1 e
AR, I B0 BT 7 B8R 9. Tong
251513 ) SRDensNet, R (58 2 ot 45— J2 045
fE NG Z G WA =, AT 2Rk H R
ERE IS5 R 1A AR AL [e) L, n s 1 REAAE )
ted, Wb T SEMHR . Ledig C %952 5L
TR PUM 2% 1)l 70 HF R i SRGAN  (super-
resolution generative adversarial networks), K42 %
X7 IR 28 I8 FH L figf R 23 2 1 Il b, R FE IR0
AN LA R A T BRI R
R DN S R 28 S Nt S (EPREC ERTi b
A5 M EEAS AR = o Arjovsky 25U Vet b A= et 470 A
#%(generative adversarial network, GAN)YIIZxAFa e
Hir s, R T WGAN(wassersein GAN)H £, R
H wasserstein £ 254 (jensen-shannon, JS)# K
R AR S EFEEBRZEREE, BTN
BT, I o B I E R MR R 3 2 55 1)
B, Wang 2% SRGAN M 7 kit AR %%
K T P AT RS I, A relativistic
discriminator {EFI &%, AH A= RS A BB E sk
HISCHRGETT, PR 2 W EBURRHEE B, (HAAAAE
B2 HFI )

FIREVEAE AT AR B A RIFRI, (H2H
TEEE ARG =, AR DL SCHEE M 2% 1 I 28R

http: // www.china-simulation.com

- 1077 -

https://dc-china-simulation.researchcommons.org/journal/vol34/iss5/14

DOI: 10.16182/j.issn1004731x.joss.20-0989



Cao et al.: Murals Super-resolution Reconstruction with the Stable Enhanced G

#3455 5
2022 4E 5 H

£, I HAE IS5 WA 28 B ()5 12 vh AN B g 5 BB 1|
RRHIES BRI T8 . SO TR SLREA
— 3. HENCRAFAESE R, R ASCE S Bk
i) @i T SESRGAN(stable enhanced SRGAN)EL
1%, IS G B Bk 2 W 2% A B I 28 (R REAE 2 2] T
X, WSS NEEREL, LZRAH—10)Z (batch
normalization, BN)I&smBI AL (1 PERE, 7870 i SRk BE
1) 10,82 B AR R R A4S BRI A ()32 A g ) A
R I I NEEI A PR R A N A R
FLIE AL P 45, 2 4075 J7 1 R FH BR B2 15 41 2R iR
WGAN-GP(WGAN-gradient penalty)!'*it— 544,
B ZRMFEEP GRS ANE R, A
SCHE 8 TR SR R0 BE 1 B SR AT IR S I 25, BASR
T T AR AL AR DI SRR, B 284 /e 1 B 1 =
JE 1) o B N T FE

1 EAHRP
1.1 4RI ML

GAN 2T AR LU AT A0 — TR B2 2 > AL
R, RAEE R AT LR 2 S e BT TEZ
o AR E S PR R PR AL A A, AR
Jr 3 T T R Y 3 A AR R S R T SR
FRIREAS A D 31 3 W 5% TN, 40 D % A D2 A
—ANREACSK B TN ZREE IR RN, T 25 4
i N TRV B 2 S AL 2 A RS o TE I ZRIN 25
IR, Al R 4 AN BT 3 A L SERE A [ g
DAl iod 40 5 I 5%, 1T 541 ) X 28 A T 42 s R 3 AR AR
DY T o T AR Fs D00 24 1) 530 D) 4% ) LA T 7 o
ANWrEE ST TS, B I 8] B HERS A kA
ZEANR HT B AW R R 2 DI Lg LT —
AT A AT L T SRR A ) AT
53 W 88 5k 2 s IREAS FARER N 0.5 ZE ROt
RS R/ W]

ngn mgx V(D,G)= EX~px [In D(x)]+

E., [In(1-D(G(2))] (1)

A x NESKEGEE: 2 A EREEE P,
NS EEBAE IR A s p. A R R

RGTE AR

Journal of System Simulation

Vol. 34 No. 5
May 2022

s G NERE N EGESE: D)%
b sk PR B 2 T SRR s D(G(2)) 13
R 2 Ja W S I PRl R K 2 75 L SEROME s InD(x)
7RG R g s BB K A R A
In(1 - D(G(2))) X H i i BB K A . A2k
XU A s B E WA 1 Fs

B
AT 51
WiE [ W%

| B

AL k| pkeA
s [ Mg [ SR

BT A ons 00 4 5
Fig. 1 Structure of GAN

1.2 BRZE M4 25 SE R 4%

Bk 22 N 4% (ResNet) /& N 1 i R B 48 I 45 ¢
JEE AR RIS WX 25 14 RE VLR | JB 1k, 25 5 tH BUBR FE DR ER
B TH 2R I HUIN RS BEAN I ORS BE 2 T B ity Il
72 W 2% Sl R B 18] 2 B, AR b — = i e B
KZENN x, KETRZEN Fo¥ T — E14m
HoN H(x); 8 Bk R H2(skip connection) ] /5 1244
x ARIEBLE N R H(x)o WA Hx)=Flxyrx, Xz
BRZE AT LAR IR N F(x)y=H(x)-x, X ik 2= 851 mT LA
TE LLIRR I P 28 RS2 T e, A SCHI AR ZETUE N
A RN 285 B — 4 o

X

4
Weight layer

I ReLU
Weight layer

Fotx (Mg
IV

X
identity

<

v ReLU

B2 GRZEEMLE L
Fig.2 Structure of ResNet

AL 2% (DenseNet) £ /1T MRHIE 2 FH 11 # B
KIETH WS IR, & —Fh B A S EEEN G
M HAEEMEZMEAE ZEMNKR.

http: // www.china-simulation.com

Published by Journal of System Simulation, 2022

<1078



Journal of System Simulation, Vol. 34 [2022], Iss. 5, Art. 14

F3MBESH
2022 5 H

DenseNet {8 — Z# 21k A BT A SLal 25N,
IR P FURFAE ISR tH B A R S 2R )2, R R T
T AE B 2 AE WX 2 v (R AR B A0 3R o SR A S5 A ) 4
SOAE T AT ASEIURFE R B A, AT DA AR BT 2%,
INsRFFAEAL TR, RiERD> T 235 %(E . DenseNet
Mg LERE 3 FioR, CONV RnBH#UZ, ReLU
78 ReLU WUERRHUZ, BN FondttH— L2

y /" \

- > > >

Lo\ eoe e 2
(o]

S\ o Ol O

K3 mAREMZE S
Fig. 3 Structure of DenseNet

1.3 BRI E®

B BE1E T 48 WGAN-GP! L2 £ % WGAN 75
FER 1 B R ), WGAN 76 B S 1) S g6 i F o
WRIBAEAEA VIR PR o WSS P2 1 i, A Bl
f£48 GAN 725258 FIRFAAZIRYIE . WGAN-GP
feth 7 WGAN f71E B R K, WGAN 7EAR B
Lipschitz PRl 514 i i 72 o BLHR T AL 359
(weight clipping), &4 58 78— AN SRS
Ji» TR A 2 0 B A S H R 4 HE AR A i
—ANRME n, B IR 2 S48 [B] [-n,n] 70
P o JEITE USRI R b ORE A 28 K BT R S50
Gt BARIE T H A B ANRERT 2 RSN R REAR TR
FIN EAZERIE R, MMEESLIL T Lipschitz
PR, AFRIX PR 8T 4K 1) weight ik
F R . Kt WGAN-GP fif 72 F esdk: f#
FHAH B 75 5] (gradient penalty) U 1 A #8085, K H
Adam {4k 22 HUAC RMSprop 184k 3%, 7628 i 14 -
S S L SR AE RAR B, 107 A WGAN
&, REHERE% GAN R, JUIPFATE R
SRS A, I HARR ARG S SO A R =
B ) R I

WETT, S ReE Y 9R AR RO BT I 41 B I ) ) AR

Vol. 34 No. 5
May 2022

2 FEE R A A BN R 4 SRk

FH T B i AR A A AT, 1 SR R
M, (HR AWK E E A A A RIFP S EE )
PN BRI A0 R I 7 A7 AE 22 7 S5 R R, 5 AR O T
DR 2% FRARFE DA 28 5 R T T AR 2K B 28011 5 Al
th DA e

(1) A B 2% A B 3 A TR 2 A0 T8 2 B Bk
72 YA T A B ) &5 v R 22 Bt PRV IR IR J2
fE7e 7 PR BORE I Ao TN 2545 R, JF H R BRI
H) BN = DR B 2 1R BE I RFAE

(2) ASTHER ) W 2% 1) e vk A A g 3 — 4k =
(spectral nomarlization, SN)fXE 525 H 1] BN )2,
F:B% Sigmoid JZ 3£ 5] X WGAN-GP H it 4k X} 471457
o9, MMM INZRI AR E 1, 8 f 1 A I 2 i 5t

(3) FETHEEEN R I I HAT I BOE AT AS 2
WO 5 RIEAS SEAT VB, DB i 1) 52— 3
A=y FR UG 9 PR 2 4t B mim ) e

2.1 WK RAREH T

N P B R EUR, Ao R AR
SE I 5 A O BT N 4% 25 # (SESRGAN) W R 4 fir
TNo ARSI P e B E LR AR NN, &t
TR ZE M S SR BURHE, SR R R
HEMR R P E B SR, ¥ SR 5
Sy PR EE ] HR B — R4 A0 2%, 855 F0 )
W 22 7 B A ol o N P P LA
2.1.1 REBBHFEERZEDR

N T RE A EURE AN [R] R BE I B R 1R B A
FROE, SRS B s, A EE 7R
R BB R ZE R I % AR R ZE B (dense
residual block with residual scaling, RS-RDB)fX % &
A 5 ZE L RB)YA i N 1) R BT IR I RHAE S,
H T 58 2 1 JE A 2 (R e i P 2% R PR R
Fr LA G & 22 7% 22 WX 2% FVEE AR IE R INTR 1 W 2% 1R
£, RS-RDB WK 5 ffin. 4 T GedRCE 2 BBy
L P [FTIS) 37 1E e R PR I 285 25 it S 40, ALk
flEf T 23 /> RS-RDB, AT IR IKRE S %

http: // www.china-simulation.com

* 1079 »

https://dc-china-simulation.researchcommons.org/journal/vol34/iss5/14
DOI: 10.16182/j.issn1004731x.joss.20-0989



Cao et al.: Murals Super-resolution Reconstruction with the Stable Enhanced G

#3455 5
2022 4E 5 H

FrEA . 14 RS-RDB H 3 M4 (dense block,

DB)H %, H H O ANFRZERAEH A, Kbk Z= e L
—ANO,DHTEUE B, BE VN ZRIR 2 N 28 A2 e T,
Forh Dense Block H 4 M54 2 CONV Fl 4 Ay ittt
5 F G B BT Leaky ReLU R, Ry 77 Bk 1) [ 28 45
R — 3. FaE M, 2Bk Dense Block FHH11K)
BN JZ LD tH RS R ERINAE G . T AR
FE T UGB A5 M DUAT: 28 LU Qi 4o 3 230 AR 2 SR ok

RGTE AR

Journal of System Simulation

Vol. 34 No. 5
May 2022

Ui, 5 BN JZ QIR U 25 =i 2 X ROR AN
MDHRARIE, JF H BN J2 Sl T 7EBE B b A2 )
IO, BRI TRz LEE T . DB WK 6
FIi o a3 13 o AR B 7 FRORe A N ) B 4 A4
Bk, SR JE s BRI, PRI R
G HUZ (Pixel shuffler) KK BRI R, fwefa i
A 33 FIERR R 3 EIE R = PR R

% rRDB  RrRDB PO O O RrDB
LR
A B 244
o] ] O | o I o O o s /—Rej‘
HR
POENIES
Bl 4 Faow B om AR Ot N 245 25 1 1
Fig.4 Structure of ESERGAN
Dense Dense Dense 2.1.2 AR BTt
Blode - [btoedy - [[Blockl] B AR T 64 B BUEAHA AL
p p % BE BT IR Z IR, REMEH T 8 MERIZE AT
N FEAF R 2 Lipschitz 213, ®ANERZE CONV G
v DEID iy —ppam sn R AR BN 2, 455505

K5 & AR ZEARTIN S RIR 22

Fig. 5 Dense residual block with residual scaling

CONV

Ko e
Fig. 6 Dense block

FERR LUE RIS HERE, AN EREN SIS EER R
T U — A PR AR 250 0] X & v 5 44 2 B 47 TR
i, LGN A IE NI, [ 1k 2 )1 SR
P S EHE — A T7 SR, A BT A B 251 ZRik
B, BT RS, PR
(AT ATPEUE BT R GAN |1 H AR B ECE 2 . K H
Leaky Relu /E N0 K%L, 1T H Wasserstein {1
B IS Pl R B B 1) L SIS AN LB 1) A Bl R
A [E) R JE T AT 55, BT DAAS ST HS o 1A
B RS CA R A6 0] I 28 BT ) Sigmoid
BUE R MREH 2 MR E  EiEm BB E
SRR HIIN (S R WER 1 Fis.

http: // www.china-simulation.com

* 1080 »

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 5, Art. 14

F3MBESH
2022 5 H

R AN EEE LR

Table 1  Adversarial Network information

WETT, S ReE Y 9R AR RO BT I 41 B I ) ) AR

Name Type Kernel Stride Padding Output
CONV0O 0 CONV  3x3 Ix1 1 64
CONVI_0 CONV  4x4 2x2 1 64
CONVI_I CONV  3x3 Ix1 1 64
CONV2 0 CONV  4x4 2x2 1 128
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CONV3_ 0 CONV  4x4 2x2 1 256
CONV3_ 1 CONV  3x3 1x1 1 256
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CONV4_1 CONV  3x3 1x1 1 512
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