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Progressive Mural Inpainting Algorithm Based on Joint Kernel Prediction

and Feature Reasoning
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Abstract: Aiming at the existing depth model that fails to take into account both pixel-level features and
semantic—level features at the same time when repairing nurals, resulting in problems such as lack of texture
fineness and structural distortion, a progressive mural inpaining algorithm that combines kernel prediction and
feature reasoning is proposed. Firstly, the regional progressive module is designed to realize the progressive mapping
of mural features through partial convolution. Then, a dual-branch repair module is proposed, in which the kernel
predicts the volume integral branch to realize the pixel-level repair of the damaged area. The semantic feature
reasoning branch introduces gated deformable convolution and combines the semantic consistency attention

mechanism to realize feature reasoning to complete the semantic—level repair of damaged murals. Finally, the two—
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branch repair results are fused into the output to minimize the reconstruction error and improve the repair accuracy.

Through the digital restoration experiment of Dunhuang murals, the results show that the restored murals by the

proposed method have better structural texture characteristics, which are better than the comparison algorithm in

terms of evaluation indicators.

Key words:image reconstruction ;mural inpainting; kernel predicting; semantic feature reasoning;feature fusion

U B R T 0 T AR Pl B 2298 2 B SR BRI 2
Frab , FENAE T AR BE I, 10 #0 DU i 20 2= - ik 2g
Z IS ANEARFE T RAFR R L2 BIF , 2 RE 25
Pesst = g dL AR, A B i 9 AR (L A S AL
{E BRI, BT 45 R 22 M0 52 3 55 1 AR Al
2y, AL AT AR OR IR A5 R A i R 1Y
JE& b 2 A TR AT AN T S 7 A B A B 1 o A o
A7 AEAS ] 3l A 14 32 BRASAF , (SR A5 A 1 2 3 2R 47 1
S5y EUE 22 PR R A R IR, A e
AL PR 8 1 R 30 X 5 A S5 By BE I 3 7 B
BB S RIS B ]

AT, EI5 A 52 503k T 73 o LA B2 7 Ao
BN FE AR T A Sk A o e 1 R o
)R SCRFE AT B R 2 ) KB Tk e Ak
2 RAB S TR I BRI S R A
o X, X6 B 10 28 0 S Al A5 DX I /N R R 1Y
T B S OR R EA BA A O A R BE T AR
¥ BB 5 Ty vk il T 2 0 G R U LA B
fife , FEAE R BE R AR A il A s R R 2, JCIE S BLELIE
SRR A S, DR INTX T2k 52 A e 40 T R
REERIBEERES AR, 25 S B IR
SR P

TR 5 > A8 52 T 3k W ) K 2l 3R s e
T2 ) SE B S, HLad i xR P45 R a4 A I 4k
2 AF BVREAS (] A AR Lk BRI O 2%, S ORI il 4t e
1] PTG R TR 22 1 SCARFAIE , AT 52 X 5 e A X Js
RIS TR 2 o) PG 18 S AL — i A O 4t
P 285 | 2 i e e 0 2% AR R AR A T A SE B &
FHov, A T ) 46 2 — T 3 T At LR 2 R S e
O3 A AHEI A 3 A AE S 1 T 3k, i T A R AE
o AT AR A B 23 A1 A R SR 5 e e ] 45 A
Il A S 5 S 9 R =2 D Y 2 S v AR X
PUEBA-FAr, i se il KR 1B R (022055
T 5 R AR S Uk AR AR E 5
H A PR3 A5 )RS0 TS 2R S i i i 1 5 7

25 T 5 A At A e DA A R P A B I A s
(], R 2 > Jim P 308 2ok i A 7 R 9 4 2 ] e S 22
Ui PG s [, AT 8 e RGBS, 2 051 s iR
T A U S TT AR E Y BRBE , BE RS AL i fe
WP AR Gl SRR (A 52 ) 45 4 1 B A e
— BUEATI AR —E B ) B = 2RI TR R
I A= A48 52 05 1%, A% RELRELR R P el 22 ) 5% L
AMEE AT N i A G e SR R I Ak 1) DY ] A R
AR E A, B A S B S, %2650k vl LA SE A kL
JESE Bl Tk = /il R, S BB E G
T ),

BT BRI I B2 HIe, FNANE 2
JEFF T KEHFFE TAE Nazeri %6 2 H X0A: 6 i 19
20 I EA T A R T A ARk 2 18 > S B A
B R H Al A P 2 s AR R G s R 4R T, B R
BOR B4 )R Li 25 48 1 338 0 T A L OE 45 4 IR 4, R
FH B A s BEA T R AR B XU Bt 52, (Hi% 07 kR
L T REEMR AR, 5 L R R B HE
P L5 FAFAE 1 A 2 Xiong %02 T ih Z 25405
AR BB DT 1 15 1 T R AN SE B R B
A5 513 58 L % X 12 52, (08 52 i R
LRGN, RIITE SCHAFIE, R B R LR S
HH R SRy FRASR 1) 1) . Guuo 5514 1Y 42 03 A<k 22 1)
ZEOR T FEAHLIN AL i 18 5 7 vk (BAE B = e v
Z UK RE K S 31 RGB 23 (8] , 8 3 S0 B2 755 7 Ik
S iR B R 22 RN S BUe 4R S0
R 20 3 R Li AT JR] SRR A 4 PR ek AU
FEME IR AHZ A PRAE R 0E $i U 388 3ok 25 BB A v 45 AR
JEIEAT G ety il 2 XHE R AR B A I A i
DTS RS S5 E R S B AN 20
B BB . Wadhwa 255 F L T 141 45 AR XU
BB AE S 7  FE M 5 B P B AT T B B it
SRR B — BOME (%5 1 TR Bl g A iR
220 RS EUB LR 5y H BLSCHELI 9 1R . Guo
AL H I A BRI B AR A 0 28 I S B A Y



5 6 3

WK A5 B0k A TN PR A P S i e i 46 52 B 3

T3k 8 A AR ST AR RIS JF 4 A TR BRI
A I 28 EA T WA ) A BB A (A ST A
LA G, AR BN AR MR A, S BB = 45
RARTEAE B XA SR T — 2 U
2R R BB S Al T R B RS DT IC AL R 42
e 2 I PERE , (B JF I R ) A s DL SR B, A
B B RS BUR R PR A B

ZR LA A X A B I S N, ORI R
PR 1 SCHURFAE , B 18 52 4528 B A0 3G 40
DR B ZE LA AL, Bt — Tt 5 A2 BT AR A
SR o AR B A k. B TR 1D E L,
BT DX AR R e o 7S 4 ARSI AR o A e
St eyt e A . 2) LUK, i H e A T AR SR
T SCRAEAEBE 3 SR A XUy SO SR, L v il
AT AR AR A IR S AN SCESF AN L 3) SR 1%
AN 5 S8 3k R BB A 08 A A N R kK AR
R, PR AR R B S s Wit SCRREAE R 3 505
UNBECTIESIZ S AW Sy B SN SR /i
BE IR TR LB S, HE A T 1 B A 45 R b

W B A A% (918 A5 R A5, JF (e =5 P
WL HEAT AL BRAE IS i 1 e 2521 4) e it A
T 4R X BUS RE I AT BT AR E AT, SR A R PR
TR T OB, BAT Ry (i B i SR

1 KXTTE

1.1 MEEERSIELR

S RE ) B AT 25 0 B | S0 B R Y 0 PR
AR SR B K AR s 5 A | i R A
vty B v FEAEAE 2 07 2, R e [l 5053 7% AR R Uk
TE 518 LGURHIE , B8 52 45 SR AR UK 240 3 R
Sl 235 R L gl A5 ) R PR I AR SR A A
TRV AIE 4 L s e 8 ST A A N 4% 32 )
2% BRGSO AR U SO AE B | Bl
AR = a3, o 3Uo3 SO A8 S B 43 Sy i P A
TR SORIE SCRRARHERR 43 32 . T4 Ty 1 1K 0 £ A5
RGN 1 s .

lm@mmﬁsz ) WH 1

S8 W[r
A B R 2

_____________

f { = nyx
A Ji)z 7
o
—_— f A [ ,
[ S
( y. "
v
f
H
H

’%%%EET
Al b

Bl ALBHRBAER
Fig.1 Model framework of proposed method
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Fig.2 Schematic diagram of ordinary convolution

and partial convolution
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Fig. 3 Schematic diagram of gated deformable convolution
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Fig.5 Comparison of repair experiments results for artificial broken murals
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Tab.1 Comparison of restoration results of artificially damaged murals
SR[4] SCH L8] SR 12] k[ 16] AT
AR
PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM
Image 1 26.3490 0.928 6 26.569 2 0.9528 26.5759 09176 19.631 1 0.8958 28.163 7 0.9557
Image 2 25.2818 0.906 8 25453 8 09219 26.8855 0.899 0 17.769 1 0.882 3 28.3655 0.9547
Image 3 21.4285 0.846 3 24.0107 0.863 1 24277 1 0.834 1 15.084 7 0.8242 26.47717 0.897 5
Image 4 23.782 8 0.854 3 21.164 4 0.849 8 21.8893 0.817 4 14.921 4 0.8106 26.565 2 0.898 1
Image 5 21.668 0 0.864 0 21.665 2 0.859 1 21.410 1 0.8370 14.124 3 0.809 5 25.140 8 0.896 7

Image 6 17.722 2 0.8147 20.823 3 0.827 3 21.659 8 0.818 7 11.8820 0.795 1 23.3533 0.883 8
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Fig.6 Comparison of repair experiments for real broken murals
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