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Degraded Scene Restoration Based on Gaussian Convex
Optimization and Double Constraints of Light Curtain

Yang Yan , Zhang Jinlong, Wang Rong

School of Electronic and Information Engineering, Lanzhow Jiaotong University, Lanzhow, Gansu 730070, China

Abstract Aiming at the problem of scene degradation in haze and sandy weather, a degraded scene restoration
algorithm based on convex optimization of Gaussian model and double constraints of light curtains is proposed.
First, according to the correlation between depth of field and scene brightness and saturation, Gaussian model and
convex optimization are used to estimate depth of field. Second, the relationship between atmospheric light curtain
and scene is deeply analyzed, and the atmospheric light curtain of degraded scene is obtained by combining minimum
channel smoothing and depth-of-field attenuation constraints. Then, the atmospheric light value is obtained through
the improvement of the bright channel a priori and the local atmospheric light. Finally, the degraded scene is
restored based on the restoration model, and the color of the sand and dust scene is corrected to realize the scene
restoration. The experimental results show that the restored scene of the proposed algorithm has suitable
brightness, natural color and rich detail information. It can also obtain an ideal score in the quantitative index,
which can effectively solve the problems of color cast and detail loss in degraded scenes.

Key words image processing; degraded scene restoration; convex optimization; scene depth; atmospheric light
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Fig. 1 Relationship between different parameters and depth of field. (a) Transmittance; (b) atmospheric light curtain
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Fig. 3 Fog images under different conditions and performance curves. (a) Original image; (b) brightness;

(c¢) saturation; (d) relationship among brightness, saturation, and gray scale
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Fig. 4 Diagram of depth of field for color priori attenuation under different conditions. (a) Original images;

(b) brightness; (c) saturation; (d) depth of field
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Fig. 5 Comparison results under different depths of field. (a) Original images; (b) CAP algorithm;
(¢) depth of field d,(x); (d) depth of field d, (x); (e) final depth of field d (x)
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Fig. 8 Schematic of atmospheric light curtain estimation and restoration. (a) Degradation scenarios;

(b) depth of field; (c) atmospheric light curtains; (d) scenes of restoration
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Fig. 9 Atmospheric light curtain under different conditions. (a) Degradation scenarios; (b) local atmospheric light;

(c) bright channel atmospheric light; (d) proposed algorithm
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Fig. 12 Block diagram of proposed algorithm
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Fig. 13 Restoration results of real fog images under different algorithms. (a) Degradation scenarios; (b) Ref. [1];

(c) Ref. [7]; (d) Ref. [4]; (e) Ref. [10]; (f) Ref. [14]; (g) Ref. [12]; (h) proposed algorithm
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Fig. 14 Restoration results of sand and dust scene under different algorithms. (a) Degradation scenarios; (b) Ref. [1];

(c) Ref. [7]; (d) Ref. [4]; (e) Ref. [10]; (f) Ref. [14]; (g) Ref. [12]; (h) proposed algorithm
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Fig. 15 Recovery results of RESIDE test set under different algorithms. (a) Composite fog chart; (b) Ref. [1];
(c) Ref. [7]; (d) Ref. [10]; (e) Ref. [14]; (f) Ref. [12]; (g) proposed algorithm; (h) real scenes

4.2 EWIEH

TR B ROR B A R T AR SORE i B8R DA
FULFE bR L 7 2 AT 4 B PR A L R T TE 2 % K]
B R R i B 7 AR LB
(Histogram Similarity, HS) ., B % %} b (Image
Contrast, IC) HL3EXT LK BE (Visual Contrast, VO,
8 48 B0 (Usual Quality Index, UQD E N TF
Hrdabr, Kb HS 32245 5 B B B A RIE L 1C
BT BRI R B, VO B T BR300 5
RCR CATRILRE) , UQI 3 244 & 52 It 5 AR A #11%
Z ) P 5 R AR AAE L 53 Ak LLGB AT B 8] R PE AN 45 5300k
IS Z% B2 xF T Ok AR R Tk B 0 ({9
(Peak Signal-to-Noise Ratio, PSNR) . 45 14 A {l #

SSIM) F1 tH X R %
(Correlation Coefficient, CCYVE N E &8 n, If F
ML B RESIDE 48 19 50 5K B J sk BOF- 35 %6 L
JESEAT HORE . BRIZ AT T) AR R A O, U5 2
AR SRR RIE AN
I.=C,—C,, 2D
Ve=100 X R,/R,, (22)
K. Cy M C, 400 2R T W RS R 55 AR 0
PIXFE B s R, R BR R i K R Z KT —
BI(E 5 R, RN BMR RS I 15 % a8, &
FEE B B LR bR gk 1 piR L fEV R
Y PR AR L g 2 TR 7E K AE B A PE MY
ZERNE 3 PR,

( Structural Similarity,

1910001-10



F 41 3% F 19 H/2021 £ 10 B/RZFFR

F1 BEEEFZRGET RN

Table 1 Comparison of indicators of various algorithms in foggy scene

Index Ref. [1] Ref. [7] Ref. [4] Ref. [10] Ref. [14] Ref. [12] Proposed algorithm
HS 0. 4802 0.5751 0.6092 0. 5557 0.4517 0. 5540 0.6126
1C 0.3118 0.1330 0.2129 0. 3249 0. 4426 0.3121 0. 4009
vC 83.49 84.07 74.75 68. 50 81.47 73.25 89.09
UuQl 0. 7980 0. 8089 0. 8584 0. 7586 0.6020 0. 7690 0.8610
Time /s 0. 899 0.874 1.617 2. 045 2.178 1. 894 1.132

R BBV RGRT RN

Table 2 Comparison of indicators of various algorithms in sand and dust scene

Index Ref. [1] Ref. [7] Ref. [4] Ref. [10] Ref. [14] Ref. [12] Proposed algorithm
HS 0.0524 0.0661 0.2140 0.1023 0. 0854 0. 0890 0.2139
1C 0.1682 0.0715 0. 2406 0. 1836 0. 2496 0.1458 0.2413
vC 32.39 50. 15 53. 66 49. 96 28.14 24. 08 53. 64
UuQl 0. 8593 0. 9058 0.9587 0. 8097 0. 8239 0. 8645 0.9582
Time /s 1. 055 0.977 1.626 2.098 2.177 1.924 1. 147

F 3 HREAENEE TR AR L
Table 3 Comparison of indicators of various algorithms in test set

Index Ref. [1] Ref. [7] Ref. [4] Ref. [10] Ref. [14] Ref. [12] Proposed algorithm
PSNR 16. 59 18. 77 21.63 19. 26 22.05 21.94 22. 47
SSIM 0.9479 0. 9509 0.9593 0.9517 0.9724 0.9418 0.9617
cC 0.9411 0.8129 0. 9501 0.9467 0.9390 0.9498 0. 9506
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