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Abstract: When large areas of an image are missing owing to unspecified factors, existing image restora-
tion models usually cannot repair the image effectively, leading to repair results that suffer from discontinui-
ty in their characteristics. This study proposes a fine restoration method for incomplete images with exter-
nal and image features. First, we improved the dynamic memory networks (DMN- ) in our study.

DMN-+ scheme combines the in-field features of an incomplete image and the related off-field features,
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generating an optimized image of the defective image containing external and image features. Next, a gen-
erative adversarial generative network with piecewise gradient penalty constraints is constructed. The net-
work instructs the generator to perform a coarse repair on the optimized mutilated image, which results in a
coarse repair image of the target to be repaired. Finally, the coarse restoration map is further optimized
based on the idea of coherence of related features, and a final fine restoration image is obtained. The algo-
rithm proposed here is verified on three image data sets with varying complexities. Moreover, the visual ef-
fects and objective data results of the proposed algorithm are compared with those of the existing dominant
restoration model. The restoration results of our model are more structurally sound in terms of texture. Fur-
thermore, our model is superior to other models in terms of both visual effects and objective data. The
peak signal-to-noise ratio in the most challenging Underwater Targe dataset is 27.01, with a structural sim-
ilarity index of 0.949.

Key words: mutilated images; coherence of relevant features; fine restoration; attention mechanism; ex-

ternal features and image features
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Fig.1 Restoration results of the proposed restoration

model in this paper



510 1 e

W, 55 N SMRAE B S Y R R P ORS 2 18 52

2483

1 5 45 3 1 ik 2 % 310 4 2 R0 5 A5 v ) T i
HER) B A0 W 48 (DMIN ) 5800 17 15 52
Fbs— B 7 AN R AT R R IR 5L B 5 3 N
E A Rl A, A R 5 37 TN ANRRAE 1 B ok PR A 1
P, DA A e H AR AR B R g ), Hu, #y gt
AT B A T 2 R A% Y A R O B R 2%
(WGAN-GP)“"* 4 G A i s 0 £ AL J5 1) 3% ik
G IE R R Z Abn e 2 E .
e 28R AR O e A1k 3% 5T 00 R AH Bl it WGAN-GP
10 10 265 45 AL, A5 1) 5 Ik 3% 22 20 Y 40 B B A RS
MR

2 ABX ITAE

2.1 SMEBEIIRSIBRIZIZ

H AR 0 ECA B T 3 R R 2 ) B A (1 B A
A8 77, B, AT e B A ) A 3 A R R
R R IR B SR BT N T R R 2
A N TR R I R v R R S
THCPE B 380 VR B i 25 IO 246 0 — > o1 S 9 T 9 Ak
W A5 N0 2 3 R 0 R g 6 R ) i, O
g Hof A B b 22 R 2 v 500 R AR 45 5 R R
HEHAR AL T A AP R . Kumar 5 AR T
FF1E SO 28 B 2B BB T R AR R
Ryt AT 2 2 I 2% AT HE 2RO I o A5 OR . 4R
M 32 A5 Y2 75 BB 4% 1 42 1 FH 1 R 9 Bl 2 o
U, R T P X — IA) B, Xiong 25 A7 DMN
RS i S SR IR 1N = L TN

A )2 R H W /7] 96 2 590 (Gate Recurrent
Unit, GRU) , -4 H} 17— Fl B8 98 1] 225 40 5 17 7230 )
Pl 5 i AR
2.2 EKEE

Hutr BB R ik 25 w2, — 202
MBI BRIk, R EET I ER
BRIk B H R Gn T AN T B & 7 ik,
J 5 2 2 RS R B R 38 2ok I 2 R TR
2 2] 146 S A5 T B 2 A W e 2 DX B A R AIE AR D,
AT S BB Bk R B8 52 . A2 20 0 O i %
SR ok BSR UT AR L B R A O XY
RO LR e % DX 3 a3 2 vk T X i R X
BN R G AT DLy A - i R LA 45 R SR T X
T R X A K A5 B SR SR AR AT
AR E AR . R T X — ], Barnes
SN T — b e AR s = Oy
PRI T, Hae s 8 — 1
Jr B AOR . SRR A X T AR A
PHA AR B AT 85, 5 3 A TR T X R T R AR Y
FIGELA — 2 1Y Ry BRAE

BT 5 ) W ARG 52 5 i R R R
) FLG AN HEms 52 LR B R BB 5 . Deepak
N T — R T R RRAE I A AR
807 %07 E R R SO g R A 4R U AN LR
B T BE AR I, O 6 R 2 40 00 A R S S AR
B[] B ) AR 2R 40 2 eR A, 1 2 B i 5 R 58
. SR, T TR A ORG240 S0 B A R I A B
Ko AT DR — A , Yu SN T — Fl

_____________________________________________

ﬁﬂ‘%@ ' |
E

l g=tanh(W (o+u,,)+b,)

HIAER

i

: 2=[Xoq:Xom" | X-q|:| X-m""]]; A
:  EE— VIR
i -f Txoftmax(Wltanh(WzZUrbz)‘Lbﬁ) {iERM
I
1
i

g=AGRU(X) , A
& |
HITHPE ok :
O owovsEms

EERR

P2 ACSCRT B 18 S A Y T ]

Fig.2 Schematic diagram of the proposed repair model in this paper
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Fig.3 Retrieval and acquisition of external features
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Fig.4 Network model of the proposed method for fine restoration of incomplete images
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4.2.2 RUIE## % 5% R

RUIE $4f 45 42 vl Ko B T oK 2 —Sran i K
2 R A B 5 B 2 B 4 0 — A KR B
B 5T B BG4 B RSB K R 5
BRI B AR SEREA . HEHTKT
H AR MR 5 3050 KBRS 2 R . A
SCAN RUIE $5 4 4 18 BUOKR & 19 /K F BESE 1R 4 5%
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CSA

K7 BLABEBR S AR SCBE R E RUIE 804 4 b Eb &, WA 8 2K i A B, SHOGLCIL,CSA M & .
EFIF, } Ji

Fig.7 Comparison of the existing restoration model and the restoration model in this paper in the RUIE database, from

right to left, the input images, SH, GLCI, CSA, roughly repaired image, EFIF, and the original image
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FEXFK R BRI s R R . R TKR
B Forp A AR AR B H AR A I 5 3R 1 3 S
fitt, B FE LK T ALAT 4% (Autonomous Underwa-
ter Vehicle, AUV)SZEL B EAUTHE S . H AR
S EER LB 3R L A D ] 4 4 At SR
i, TE/KF EMR AL PRSI pF i A % B

Moo Hi g m R M AN AUV S
A M Underwater Target £ 45 45 H 3 K & 19
WA AUV EREAT 5%, 5 SH.GLCI M
CSA B ERERIXT LG . iR 8 iR o M4 E
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Ba . H o Sigm (a) R0 Wi 19357 5, 5250 (b) AR
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SEEY . SEER () VIEE (e) 43 ) R OR UE MBI
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Fig. 8 Comparison of the existing restoration model and the restoration model in this paper in the Underwater Target data-

base, from right to left, the input images, SH, GLCI, CSA, roughly repaired image, EFIF, and the original im-

age
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TEH 09 i 2 45 A, Hop PSNR AT SSIM 6 % LY
SRR UK S AR i KR P e . L, FH R DU 4B
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FHAEAR BT 2 0 m Jee 30 4 ok, D DA SE fn 25 0L
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RIE AR o A OB AL MR A& 52 25 5L 1) PSNR
B M 35. 98, HIHL CSA B R T 2. 17%.
SSIM fA #5255 4 0. 983, A HL 2 &5 T 1. 08% . L,
PR AR N 0. 71, AT FEAR T 6. 96% -

f14 Ji2 TR T 48 16 2 A4S R0 1 %t A % IR B BB B RUR
W 9 B 78 Underwater Targe £ 5 42 W AR SCHT 42
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Tab.1 Objective data for restoration results in Place2, RUIE and Underwater Target database

PSNR SSIM L.(%)
SRS 5 15 % itk GL- &
SH GLCI CSA EFIF SH  CSA 5 EFIF SH GLCI CSA EFIF
10% —20% 31.34 31.27 33.36 31.03 34.87 0.906 0.911 0.989 0.905 0.987 1.02 1.00 0.78 0.71
Places 20%—30% 30.24 31.79 32.85 30.08 33.12 0.893 0.897 0.982 0.894 0.983 1.57 1.31 0.98 0.94
30% —40% 21.96 24.17 25.16 21. 35 24.51 0.886 0.891 0.926 0.887 0.931 2.74 2.36 1.29 1.23
40% —50% 20.39 22.18 24. 51 20. 40 24.84 0.832 0.853 0.873 0.829 0.894 3.67 3.24 2.85 2.46
10%—20% 31.45 33.72 35.84 31.53 35.98 0.929 0.936 0.953 0.9250.978 1.55 1.47 1.18 1.06
RUIE 20% —30% 30.75 33.46 34.97 28.95 35.73 0.919 0.925 0.942 0.917 0.971 1.94 1.73 1.56 1.47
30%—40% 27.84 27.76 28.06 27.46 30.93 0.897 0.902 0.916 0.898 0.923 2.95 2.86 2.72 2.55
40%—50% 21.97 23.19 23.97 21.99 24.45 0.846 0.874 0.899 0.841 0.905 3.77 3.78 3.24 3.16
10%—20% 24.83 25.01 25.42 24.67 27.01 0.913 0.928 0.936 0.9150.949 1.65 1.44 1.11 1.09
Underwater 20% —30% 24.36 24.72 25.31 24.21 26.75 0. 904 0.916 0.929 0.899 0.935 2.04 1.96 1.54 1.44
Target  30%—40% 20.48 21.14 22.07 20. 83 22.35 0.884 0.890 0. 907 0.881 0.916 3.27 2.98 2.73 2.49
40%—50% 15.39 15.04 16.42 15.46 16.91 0.862 0. 876 0.890 0. 868 0.891 4.41 4.04 3.27 3.03
S . SH ! . SH
B GLCT 0.9 I GLCI
25 =1 08 = O
2 0.7
= = 0.6
g1s 205
04
10 -
5 0.2
0.1
0 A B C D E 0 A B C D E

(a) PSNR (b) SSIM
[%19  Underwater Target 54 4 A< SCA& B AT RN LY 15 52 B0 4E B 25 5 PSNR . SSIM {H 19 414K 5]

Fig.9 Histograms of PSNR and SSIM values for restoration results from this restoration model and comparative restora-

tion models in the Underwater Targe dataset.
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