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Figure 1 Damaged mural (partial).
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Figure 2 (Color online) Structure-guided repair network of large area defect in Regong mural images.
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Figure 3 (Color online) Structure guidance module.
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Figure 4 (Color online) Multi-scale Fourier convolution module.
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perceptual image patch similarity, LPIPS). PSNRfAEHS
LU e S W PR P 2 WL o e, A R I A R
FLFRRE. SSIMA T4 &= Wil G AR AE, G 4E 5
JE L R HGREANGE R = A7 1, SSIMAE BRI 1, FoRiE
S EHR S5 (s BT S 4. FIDEE HE
&5 )5 B8 5 52 B AE Inception X 24 H1 R RFAIE [7] &
()RR B R A = G &, FIDBRDS, RN EEUE o
AR SR A6 R A0 A, LPIPS & JE TR 2 (M 75
5, R T LT M B B OHR PR B R, ARG
N BB & I vFA, AT R SOR R HE A
.

44 LEREER

SR FH B 5 4 4 R Celeb AP 5 s 4 35 47 IR 1515
SN LESESS, X BT VE LRI AR T LR St i) R 12
2777 cTSDG!Y (image inpainting via conditional
texture and structure dual generation), AOTGAN"!
(aggregated contextual transformations for high-resolu-
tion image inpainting), LaMa'"” (resolution-robust large
mask inpainting with Fourier convolutions), zITs!'™

(incremental transformer structure enhanced image
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inpainting with masking positional encoding), Defloc-
net™™ (deep image editing via flexible low-level con-
trols), SketchEdit /% SketchRefiner, LI A /7 ykA(E
B BB BT SEE A, CTSDG AR & 1
77 SR A LI SRS B ORI SUEE 5| 5 10 45 ¥4 = AT
AL, DA I AN A AT 55 BE A A EL (et DASRAS BE v
Has . AOTGANE M T mn # R E G R M
R R CREAE O P S, WG R E i
ERSC, PAEAT BROSCHERE, BOAUE BT AR A A R
YHRLEE S, LaMakt 0 KT AR sk 26 A e 7 R IR R 2
SR T PR L AU A I 2% I3 H e 2
FPIRCGNBUR, REfs SIS T 45 R 10 S5 K AN S I — 3L
M. ZITSHE H 5T B3 5 Transformer 4 4, 7€ & 58 K
3 e P 2 ) A Y 5 K 5 TV 0 ) Transfor-
merfR R PR 5 HEAR R S5 4, I 45 S A B i, H
B CNNZUH K B A BB B I QOGS0 &
KA.

RIS b T — SR A2 AR B AR L SESS. De-
flocnet, SketchEditflISketchRefiner/Ef&E L2, #
FHTH P3N AZ BHAS R, Deflocnett H F H2 L)
PR AN GE R (5 B B E N Bk A B 72
CNNRFE % 8] FogE AT 5 [ 2R Sk 4R MR (AL 4, 2K
feid I P R, JFA R AR Jn 45 R, SketchEditif
AN TR P e R R R N, A e S T R 1) R
BB R S IR 2%, (6 P T A Sk B Ok & He
REHERAAL B, FEAE 2 o BARRIE 2 (] v 4l 5%
B PR UGS BAFE, R .

F 1 ATTREEEAE M Celeb AR 4 b oE BARFRITA 45 1Y

441 = EAHH

FNBH T A FRME B SR AE ST RE ) B (5 509 4
FCelebA " $i#24 I[{)PSNR, SSIM, FIDFILPIPS. 4
R, A TV ERIUT, E I T A ST iRk
. A LA BRIV PR bR A 43, #R DT B I 4
P8 AT MIPSNR, SSIM, FIDAILPIPSHE 7|
5, 4 HIERFE8.385, 0.129, 73.688%10.098; CelebA "4
a8 AT IPSNR, SSIM, FIDAILPIPS ) 4% T+
7.862, 0.082, 17.115410.068. 3 B AL ik (A8 E 45 1
TEEVGAZR R A5 o AT ARABL I R B En AR AL 75 T 5 31

442 THEAAT

TR ] PG HE 4R 1 A8 S nT AL 45 R n
K6()ftzn, AT LAE HA SO M R Al LR i B 5
A EIFEDL. CTSDG, AOTGAN, LaMa, ZITS &
SRIEH T IRFE KT BL IS E s o R K1 5
SRR, BT MR 2L, JuR A AERER N
R TTREE B 4 b, fE8A Rath SRR LT ik
DAL R A0 X SR K 85K 451 85— 47 0 ol B RN - £
oy L T S MBI Deflocnet BARE5 & 1 H
s E I EAEAE R, ERARIR IR ix s
S, TTUUNEFEH, 54 A SCE i (61
Bl AHEZ R, ASCIEE HIR AR 1R RIS T4
PRIEIN . SCER T A B S = g . T DUE
XTIt R mE AR 241 EME, SketchRefiner frf
HH I P I 26 i 1 4 5 B0 40 OB 4 1 R B R:

Table 1 Quantitative evaluation results on the Regong mural and CelebA datasets”

Regong mural dataset

CelebAP" dataset

Methods

PSNR? SSIM? FID| LPIPS| PSNR? SSIM? FID| LPIPS|

AOTGAN (TVCG2023) 23.075 0.871 27.465 0.093 28.193 0.907 14.160 0.089
CTSDG (ICCV2021) 22.948 0.876 43.637 0.088 30.650 0.945 17.122 0.064
LaMa (WACV2022) 23912 0.877 13.901 0.060 30.492 0.926 7.350 0.043
ZITS (CVPR2022) 23.673 0.869 20.904 0.074 30.900 0.933 4.898 0.032
Deflocnet (CVPR2021) 22.114 0.843 77.834 0.114 30.693 0.949 13.364 0.032
SketchEdit (ICVF2022) 28.035 0.945 40.413 0.045 28.212 0.937 19.545 0.039
SketchRefiner (TMM2024)  22.983 0.870 26.945 0.065 30.601 0.939 16.927 0.040
SGRT 30.499 0.972 4.146 0.016 34.055 0.989 2.430 0.021

a) AT IR e R, TR iR forxiigs i

1429



bt R ) AEI S ST S ONHEA S R ES=E 5% N7/ i

GroundTruth Mask AOTGAN CTSDG LaMa
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Figure 6 Comparison of restoration results on different datasets. (a) Regong mural dataset; (b) CelebAP” dataset.

TR 117 LR A7 AE.

CelebA " $fim 4 F 11155 SEI6 AT AL 45 40 E6(b)
FiR, AR EARHAL-CRIEE Bt BT L
. AOTGANAFILaMaft 5 45 04 J7 T LLIRUR B, s
—ITRETILFREEE, R AOTGANHIL | # ™
FE 5, CTSDGHZITSHRAE S5 VK & 77 A 5 4T
MgE R, (HXHFKEARER, RE RS2 A EHE
f); Deflocnet?E &5 F 16 2 B M a1 L I ARG s 45 -
RERG R UT MUK A B S5 R RN SCEE, (R IRA
P BEAR U ) FH 45 A4 RN (0 22 LA I B0 201 i (R 8L
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R R GRI R BTV A SR AR, A
TAMPHEEELR, Ak HorEm E B 2R
RV T WP SRR IR

ARG 1544 2 53 0] P o B i BHR 12 5 45
RHEAT EWVEY. 0 AL ORI A T B m X #A
TUREEN A —E T AR AN TTRE 8 5 S i TR 1) 2
RALRNKIZEN 0 =, AN, B L L
BREH1. SRIRH2FISEINAHS. ol =S 5 HE AR
INARSCITIENN LT, ERS 5H AN G B
Py GOREIREE. A RE . SCITRER R
MGERIE AT T XHME RS REATIT 0. 50578,
SR 136 B X YT AT 7 45 RAAT BT 5,
BRI EMIF A R, BALE RNR2PR, 54
AR PP BT . SEER S5 SRR, ASCTTIERIVE
73 W T AR T, IX R AT A AR o i
BAEE THER AT RN, I HARX R & AR 2%,

45 HEIE
N TR B AERIEE . LA Pk
F2 ATURERSEE AR 0GR

5 HBRE BT LA R i — BUE R S DU AR
RO, ARSCHAT T VHRRSELS, il e LBl AR
8, BERIL G A4, H kRSN G N 2 B 3yl
GARZ, BB P — A, LA 25 AT (T
TGO AT SR8, FERA R R SE IS AR R — 2
B BRIV S N AT, R3ER T MBS T
FEIATTRE 4 5E - [JPSNR, SSIM, FIDFILPIPS4:
R HRSEIG PR LS R a7 RTR, fERBRRE
AR RS, KT AR B IE 45 0 R 5 44 1 [X 3
(B R AR 2 A0 2 2 ) A B T B Sk 1 5 A R B &
TXAE A AZ B A4 Fm & 52 B (interactive line art restora-
tion, ILAR)#IE 5| AP IRIERLFRER, AEEM
IR T IR AR T, AR SERA TR E SR
(PIHER PRI SE M TE T . TER BRI 51 25 (edge dis-
criminator, ED)Z Ji5, 1& 5 BIZ 1321 2 1) 858 55 A1 B 14
BT, B E L R E K. 2,
B WRERE B AN [ 142 5 A (skip  connections and gated
convolutions, SC+GC)%5 & ¥ il EFAN, BE L

S T S AT R I A P R %, X — IR AT

Table 2 Subjective evaluation results of different restoration methods on the Regong mural dataset”

Methods Experimental group 1 Experimental group 2 Experimental group 3 Results (weighted average)
AOTGAN (TVCG2023) 3.11 2.98 3.05 3.047
CTSDG (ICCV2021) 3.12 2.90 3.10 3.040
LaMa (WACV2022) 3.55 3.58 3.30 3.397
ZITS (CVPR2022) 3.64 3.15 3.35 3.380
Deflocnet (CVPR2021) 3.15 2.26 2.72 2.710
SketchEdit (ICVF2022) 3.82 3.57 3.63 3.673
SketchRefiner (TMM 2024) 3.20 2.95 3.26 3.137
SGRT 4.32 4.21 4.28 4.270
a) IR R IREIR, NI IR RR IR
3 HmL E B R
Table 3 Quantitative results of ablation experimentsa)
Methods PSNR? SSIM1t FID| LPIPS|
w/o ILAR 24.182 0.903 14.297 0.057
w/o ED 28.991 0.965 5.761 0.022
w/o SC+GC 28.260 0.960 6.027 0.024
w/o CCL 28.178 0.961 10.417 0.035
SGRT 30.499 0.972 4.146 0.016

a) M AR i gt R
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Figure 7 Visualization results of ablation experiments on the Regong mural image dataset.
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Research on structure-guided restoration technique for large-area
defects in Regong mural images

LU JiaYu'*® & ZHANG XiaoJuan'**

" School of Computer, Qinghai Normal University, Xining 810016, China
? The State Key Laboratory of Tibetan Intelligence, Xining 810016, China
} Qinghai Province Intangible Cultural Heritage Research Base, Xining 810016, China

The Regong mural is a significant manifestation of the Regong art, a human intangible cultural heritage, characterized by its rich and
vivid colors as well as intricate and dense lines. However, prolonged environmental exposure has caused severe degradation,
including peeling, cracking, and mildew. Existing automatic image inpainting methods fail to reconstruct their complex structures and
generate plausible textures. Addressing the challenges posed by the complex structure and texture of Regong murals, irregular
damaged areas, and a limited image dataset, this paper proposes a structure-guided method for restoring large-area defects in Regong
mural images. Firstly, an interactive line art restoration module is designed to leverage expert experience in repairing the complex line
art of large damaged areas, providing a more accurate structural prior to subsequent steps. Subsequently, the line art is processed
through a structure-guided restoration module to avoid weakening low-level guidance information while more effectively integrating
with texture information. This module injects encoded structural information into a multi-scale restoration network layer by layer, and
an edge adversarial discriminator is designed to constrain and optimize the restoration structure, making it closer to the real mural.
Furthermore, the network incorporates Fourier convolution blocks and gated convolution modules to expand receptive fields for
irregular large-area damage recovery, and a color consistency loss is introduced to effectively mitigate color discrepancies. Extensive
experiments against seven state-of-the-art methods demonstrate that our approach achieves superior performance on murals with
30%-50% damage ratios. Quantitative evaluations reveal improvements of 37.91% in the structural similarity index (SSIM) and
15.3% in the peak signal-to-noise ratio (PSNR), alongside reductions of 94.67% in the Fréchet inception distance (FID) and 85.96%
in the learned perceptual image patch similarity (LPIPS).

mural restoration, structure guidance, Fourier convolution, interactive
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