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Abstract Painting is an important form of culture and art. For thousands of years, a large number of paintings have
been produced in ancient China. And paintings contain rich cultural, artistic, scientific, and historical values. But due
to natural disasters (earthquake) and various reasons such as natural weathering and more and more human economic
activities, some paintings are more or less damaged or missing in large pieces, which seriously affects the
appreciation, cultural creativity, cultural communication and other activities based on these paintings. Compared with
natural images, ancient painting images usually have high self-similarity, obvious style characteristics, rich cultural
connotation and delicate texture. Although impressive progress has been made in the inpainting technology of natural
images, these methods cannot be directly applied to the inpainting of ancient Chinese paintings. Combined with the
characteristics of ancient Chinese paintings, we design the algorithm and model structure and proposes a Chinese
ancient painting inpainting algorithm based on a multi-channel encoder and dual attention module. The goal is to
automatically repair the damaged ancient paintings. In order to better repair the ancient paintings from multiple scales,
we use a multi-channel encoder to learn the semantic features of ancient paintings at different scales and repair ancient
paintings through the learned macro, meso, and micro semantic features, which solves the difficult problem of rich and
delicate texture repair of ancient paintings. In order to better learn the global semantic features of ancient paintings
and conduct the harmony and consistency of the repaired ancient paintings, we use the dual attention module to learn
the global semantic features of ancient paintings from two aspects: style and content. In order to verify the advanced
nature of the algorithm, an ancient painting data set is produced. Experiments on this dataset prove that the algorithm

proposed in this paper has better repair quality than the SOTA algorithms.
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Fig. 1 Network structure diagram of Chinese ancient painting restoration algorithm based on

multi-channel encoder and dual attention module
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Fig. 2 Observating image using different receptive fields in the inpainting process
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Table 1 Network Structure of Multi-Channel Encoder
K1 ZEREHI|MELEN

Iy 45 JEAA HBRRAT Rk 2 AL AN i R i B TE R JRAZ TR
1 ESTAS 3x3 1 1 256%256 64 3x3
2 BREZ 3x3 1 1 256%256 64 5%5
3 B2 3x3 1 1 256%256 64 7x7
: 4 HBRZ 3x3 1 1 256x256 64 9%9
5 ESTAS 3x3 1 1 256%256 64 11x11
6 BREZ 3x3 1 2 128x128 128 13x13
1 HBRZ 3x3 1 1 256x256 64 3x3
2 7] S AV 3x3 2 1 256x256 64 7x7
3 [EAGTUZ 3x3 4 1 256%256 64 15x15
: 4 [ERAETZE 3x3 8 1 256%256 64 31x31
5 Rk RUZ 3x3 16 1 256%256 64 63%63
6 HBRZ 3x3 1 2 128x128 128 65%65
1 BRZ 3x3 1 1 256%256 64 3x3
2 [T 3x3 2 1 256%256 64 7x7
3 Rk RUZ 3x3 4 1 256%256 64 15x15
’ 4 7] S AV 3x3 8 1 256x256 64 31x31
5 [EAGTUZ 3x3 16 1 256x256 64 63%63
6 [ERAETZE 3x3 32 2 128x128 128 127x127
7 HBRE 3x3 1 1 128x128 128 J
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Fig.3 Structure diagram of space-style attention module
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C
p;= ZgﬁFi'
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AEFUZ 0 B 0B HRAE R SE SRR R R 5 P
2, B HZN B AR RRE K938 18 5 )54 RGB, N

I=yp+E. (8)  gpak Myt 2 .
Table 2 Decoder Network Structure
*2 fEESRMELEN
RS JZH BB E2S AR b RS LIPS R ¢ LnfEER IR
1 RBRZ 3x3 2 128x128 256x256 128 64
2 EH= 3x3 1 256x256 256x256 64 3

Az A I de 2B R G ([x, M), ik 2 RS 1
S8R (IR S AR R AEAE 45 B T R R AR, BT
DA F 4 A R LR 2 A1 0 Xk, 18 2 45 R
it FH i A PR P 15 255 6k T L3I PN A X3k, 18 R 4
S FH A e i o R R R R, Rk AR
BEGERAY=GC([x, MDOM+xO(1-M).
2.1.4 HHlE%
F B2 0 AR AN 2 3 B, BRI A RO S
h256x256. M Z% HT 4 2 B RZE, B KB 2, %

FH ReLU 1 ST pREL, 320 B AR KR G o B =2, [F]
4R T R R 1R O AR, A e
{EL. 50 28 B9 VI 25 H AR 2 18 552 R y i) i s 23 (ES
ATRER L B KR I s E S AT R/, DA 43 2 Fha
A BT AR, BT A SRR SR A BB B AR
(gradient penalty) " ) Wasserstein 51 2 “" 75k %t B 4
I PR, A 59 i %) i S 2 RS R R R 2,
JEXT Wasserstein FE B 94006, I 5 12 A
Sigmoid J 17 PREL.

Table 3 Discriminator Network Structure

£33 HIRIEME LN

Eo SR BRRAT B AT b RS i AT EL LR ITBIER
1 LR 3x3 2 256x256 128x128 3 64
2 HBRZ 3x3 2 128x128 64x64 64 128
3 BRZ 3x3 2 64x53 32x32 128 256
4 BRZ 3x3 2 32x32 16x16 256 512
5 ESUzIIA] 16x16 1 512 1

22 MEKEH

AR SO 5K R B X K BRI, F AR
2 bR BRI XA 101 2 pR B 3 350 0 A B, T T EAT A 4.
22,1 XPUH K R AL

JF IR GAN f 451 2% R BB T A7 AE — 5 BB, 24 )
Sl 2% DI ZR B S LT, A2 A8 G O Ak B A By Je /s
b B SR 3 A 518 2 R 53 A Z TR Y IS B . 4R
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2 AL R EFEN, T 2 A A i e B B

Z /0, IS B Y (EAE D Bn2, i T8 BB R 0,

(A5 SR AR BE T BRI L AT LA 19 G TE ik dkZiv ]
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U, G A AT 3 1T A B R4 [ A

A SC R SR FHA A B AR T Y Wasserstein 53 2Kk 7
St gk pR AL, W=l (9) TR
Ladv :éz' [D()A,)] _E‘ [D(_Y)] +
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H E'jfy? D] —1;: [D ()] 75 43 fii Z [8] [f) Wasserstein
BB, FE 2 AN R AEAE T B NI LR, T KR 2
A R R S R R, O G R
Ay E [([VsDGroM||, - 1)’ | 75 B ji7 4 57 30, {# D
Fe bl B4 152 0 1 W D A2 Lipschitz 624 5%
P 2 342 Sy B BEHLIR (8, B

e~ Uniform[0, 1],

y=(-g&)y+ey, (10



RS AR T 2 6 G T A% FIDOBUER v 2 ) ol G S vk

2823

M 7R 5 e P AR ) HE e
222 HIHHK REL

XU R 51 T A A% = A A BB 5 45 S UK
B ) 5] 2%, B ARG 012K W 5| 5 A mi s AR 5 B R
BT B S S5, 5 L2 FE B AR L, L1 FE 25 5 AE U
BB EUS B, PR SCR R A L R B T3
K

Lec =E[lly-3lIl,] . an

223 UK R AL

HEAE AT S5 bR T BB R N A, &
AR A A KURR AR SCEE R XU 1 3 )
5L L 5 AR S [EIR UA 1 7, I R FH XUAS 93 2%
PR BN 18 2 445 S AT RS 20 B 40 2.1.2 15 A 43 KU
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Table 4 Data Distribution in Training Set and Test Set I

Fig. 4 Schematic diagram of ancient painting slices

4 dmy R RERE

F4 EESWRE | FHRBESH

%' i 5% fEqg VISET AR WE TR AL
1 [7RE 7 684 171
2 Wriltez 17 904 226
3 s 22 1449 362
4 #HHE 17 892 223
5 B 19 1024 265
6 B 9 964 241
7 VG| 30 1166 291
8 JEB 32 1372 343
9 SCE 25 1576 394
it 178 10031 2516
Table 5 Data Distribution in Test Set II
R£5 MWRE I hHEBESH
5 [P lEnEss TRAE 1144 5k
1 ik 11 645
2 Rtiif 8 989
&t 19 1634

B PG (Lx, MD S5 AR TS B R RS 6
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Fig. 5 Experimental results of our algorithm on test set I
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Fig. 6 Experimental results of our algorithm on test set I1
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Fig. 7 Restoration results of our algorithm for ancient painting images with large area of missing content
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Fig. 8 Comparison of experimental results of different algorithms on test set I
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- Table 6 Comparison of Evaluation Indicators of Different
Ty0 +cC3
Ty, §)5 2 B H D) EL R - Algorithms on Test Set 1
b PEIR TR, €0yt LR LR 0 %6 RREEENALE | EOTFAIRRI L
N VAN | i P4 1A JUANLS |
FHHLE. w RS RRS yRISN I E, o) oy s Wi AOOTE | GLIRE | CASE | PCHIE
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Fig. 9 Comparison of experimental results of different algorithms on test set II
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