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Abstract: In the face of large-scale image defects and irregular damage areas, existing image restoration methods often
produce results with structural inconsistencies and blurry texture“ details. This study proposes an image restoration
algorithm using the generated edge map and multi-seale feature fusion—MSFGAN (multi-scale feature network model
based on edge condition). The model ad9pts a two-stage network design, using the edge map as a restoration condition to
constrain the structural aspects of the restoration results. Firstly, the Canny operator is used to extract the edge map of the
image to be restored, genera‘;[ing a complete edge map. Then, the complete edge map is combined with the image to be
restored for image restoration. To address common issues in image restoration algorithms, an Attention Mechanism Multi-
Fusion convolution block (AM block) is proposed, integrating an attention mechanism for feature extraction and fusion of
damaged images. Skip connections are introduced in the decoder part of the image restoration network to fuse high-level
semantics and low-level features, achieving high-quality detail and texture restoration. Test results on the CelebA and
Places2 datasets show that MSFGAN has improved restoration quality compared to current methods. In the 20%-30%

mask ratio, the average improvement of SSIM is 0.0291, and PSNR improvement is 1.535 dB. Ablation experiments
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validate the effectiveness of the proposed optimization and innovations in image restoration tasks.

Key words: deep learning; generative adversarial network (GAN); edge generation; image restoration; attention mechanism
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6 ML 3% 33 B4 4 A 100 000 kA JKG B8 47 8
By W 25 I 2R 8, TR B R BEATLIE EX 1000 7k ]
14 T4 56 WX 2815 55 20 5. Places2 I st B £ 05 &
Fldzy S AN 1800000 ik P15, i 45 1 o5 A0 28 370 AH
K1 150 000 Tk EHRAE Al SR8 3E4T I 2k, BEHLIE HY
RINZRHT 1000 3K B AE 9l 4E . A Hodis 46 46 ]
Liu 25 NP2 (0 A K0 0 5 0 B4 S . AS 10000 46 7 %5
b R N R A NN E O I (R A s N
10%—60%, FH REFRFERD L A7) A S FH [H] RS €] 2 000
5K, HEAS DX 3543 Sy o0 B Hh HE B T 4 IS 7 b, A
FH BT 08 B AT 1 k. S8 v {8 FH 301 3 Fh s 4
FEANIE 7 Fros.

SEUWE AR S VAT 24 HT FE 9 7 Contextual Atten-
tion (CA)!"”". RFR-net (RFR)*'fll AOT-GAN (AOT)"
HEAT RS B,

3.1 EENH

LG TE Places2 Bl 4E bt 4 Mg & kit 47 &
M. A (] ) AR Bt B AR A () 2 B 40 ) 4
AT IR, S2EGTE Places2 EU4E 45 ik B phat 7= 78
FE 1% 500 5K, 33t 2500 5K EME. & &0 Hr R
B2 2 AR br N IE(E S B EE (peak signal-to-noise
ratio, PSNR) FIZ5 M HLE (structural similarity, SSIM).
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W {15 P L M R v, R 2 03 45 SRR i 5 ) A AL
R . SSIM i I il vh 5 B,k JH 45 W A AL FEE ARG
Bl R, 7B N 2 00U 21 1 UG RS AR URR 2. 58 4%
Mreg Rk 1 frow.

MEHE T LB Y, MSFGAN 7£ 5 Ji 45 My e fff 5
AR F & B2 EEAS T R AR B T LA A

L
0%—10% 10%—20% 20%-30%

(b) KR FE T Kb G ()

ZAR AN OL T, & FEE A DS B Es e 2
AR, H 2 R A T ARG K 2 20% BA B, MSFGAN
)% R Rl & A2 5] S SR T s . 78 B AR5
i |k, MSFGAN 7£ 5 FpAS [FIHERS T (1135 SSIM {1k
F|7 0.9040, PSNR {153 T 27.22 dB, H43 78U 1)
SEOL. G ELsEIG g R 8 Fs.

A

30%—40% ‘\é 50%—-60%

-

40%—-50%

o

M7 AKCHRBEARE ) L

\ ;
# 1 Places2 $di M EAFA SIS A FFEAG L] T [¥) PSNR (dB)/SSIM &

HEhd He gl CA RFR

1%-10%
10%-20%
20%-30%
30%-40%
40%-50% '

31.185/0.9695
26.304/0.8801 &
1.24.260/0.8497
22.135/0.8020
18.119/0.743 1

-

32.256/0.9705
28.146/0.909 6
25.146/0.866 3
22.632/0.8272
21.126/0.7495

AOT MSFGAN
33.204/0.9756 33.954/0.9884
28.756/0.921 1 29.231/0.9514
25.328/0.8752 26.863/0.9043

22.965/0.863 1
21.635/0.7422

23.956/0.8970
22.105/0.779 1

3.2 JHEASCIG

N T BGAE AM block Mid % 5 SR EBEE T
VEH A 250, AR SCHE H V27 Places2 Bdia 4R it
AT W RSS2 R AN P L 2 B 51 5 L 2 245 1
i E] JZ M %% (Res block). i 12 & 5] 3 1) LAFR 22 M
¢y a2 R 2% (edge + Res block). A i 14
5151 AM block H[H] 2 M 4% (AM block) FIA S HH
D7 A 314 5] S 41 AM block %% (MSFGAN) 347

Xof HE S, SEIG 45 R 9 firs.

ATLLE H, S 1825 FIIMZ T SIS R 45 R 45
PSP, A s R HEIN &3, AM block {184 45 F (1)
SO R T RGN, SRR B s, XA T A FEZ I 1A
FURAT AR, B R BT LARl G T8 2 G (5 B IR
PEIX A3 2505B 45y {4 FH PSNR 1 SSIM X} 4 Fli 28 34T
FEFRATI, T LA H RSO R T UG 45 S ) RS2
A ELSC B AL BE S $E T, Wb gs Rk 2 k.
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Res block

edge+Res block

Ko THRRSEE: (58) \

AM block

{ ) el

-

} 5
R 2 1L Palce2 AL b iHAT 7 Rl SU6 # X 45 P\SNR (dB)/SSIM 1

HEfS L) Res block edge + Res block .+ AM block MSFGAN
1%-10% 29.148/0.9213 31.248/0.9652 30.960/0.9749 33.954/0.988 4
10%-20% 27.336/0.896 6 28.112/0.9422 27.223/0.9368 29.231/0.9514
20%-30% 24.226/0.8633 - 25.632/0.8755 25.328/0.8763 26.863/0.904 3
30%—40% 120.746/0.8202 22.228/0.8533 22.117/0.8564 23.956/0.8970
40%—-50% 2..22‘4/0.7256 21.475/0.7522 21.366/0.7500 22.105/0.779 1

—
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