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Improved defogging algorithm for sea fog

HUANG He', HU Kaiyi', GUO Lu*, WANG Huifeng', ZHU Liya'

(1. School of Electronics and Control Engineering, Chang’ an University, Xi’ an 710064, China;
2. UAV National Engineering Research Center, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In view of the problems of poor clarity, low contrast, and dark color of traditional image defogging
algorithms, an improved defogging algorithm was proposed for processing images with sea fog. First, the dark
channel image and the minimum image of foggy image were obtained. The foggy image was converted into the HSV
color space to calculate the color decay rates of each pixel, which were then sorted in descending order, and the
minimum value of the first 10% values was taken as the threshold of the bright and dark parts. On this basis, the
dark part ([Iygy 4 ) of the foggy image was calculated. The variational function was introduced to determine
whether the pixel in the image was from the bright area, and the variational dark part (Iy,y 4..) based on the
variational function was obtained. Then, the two dark parts were combined to calculate the dark part image (I, ),
which was used to estimate the ambient light value of the dark area. The pixel values were sorted in descending
order, and the average value of the degraded image pixels corresponding to the top 1%o pixel values was selected as
the value of A, . Next, a method for removing textures was proposed based on the multi-level weight relative total
variation model. The minimum image was filtered as the rough estimate of the transmittance image, which was
adjusted by the transmittance function to weaken the defogging of the bright image and enhance the defogging of the
dark image. Finally, a minimum variance median guide filter algorithm was proposed to optimize the adjusted
transmittance,, and the clear image was acquired based on the foggy image degradation model. Experimental results
show that the information entropy, average gradient, contrast, and fog aware density evaluator ( FADE) of the
restored image obtained by the proposed algorithm were significantly improved compared with traditional algorithms.
Keywords : minimum variance median guide filter; color attenuation prior; image processing; variational function;
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Fig. 1 Influence process of sea fog particles on imaging
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Fig.2 Schematic of color attenuation prior
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Fig.3  Flow chart of multi-level weight relative total variation model
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Fig.5 Effect of image defogging 1
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Fig. 6 Effect of image defogging 2
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Tab.1 Evaluation of defogging image parameters

ol g = PRC RS (EH=N] YRR TR BE PG L FADE
ARG 9.959 9 1.889 0 21.877 0 4,179 7

pCpt! 12.544 7 3.389 3 35.669 8 2.086 6

FVID! %] 11.102 6 3.079 8 26.329 2 2.408 5

'S CAPL?] 12.159 1 3.126 2 41.446 3 2.2363
DehazeNet % 11.903 0 3.200 9 36.190 0 2.438 4

IGSK %! 13.030 3 4.297 7 41.499 9 1.3852

MSw 30 12.786 5 4.0719 41.4552 1.663 6

KX FiE 13.449 8 8.899 5 67.489 0 0.679 5

EIaEE 7.291 4 0.929 1 9.178 9 5.804 7

pcp!7) 9.541 6 2.3197 18.134 2 2.082'1

FVID:2e] 8.363 2 1.786 9 12.600 2 3.166 1

6 CAPL 9.329 4 1.9723 17.666 5 2.586 0
DehazeNet %) 8.909 7 1.889 2 14.999 1 2.5155

1GSK ! 9.424 4 2.5102 12.947 2 1.649 5

Msw 30 10.378 7 2.960 7 23.899 3 1.906 2

KX FE 11.439 6 5.817 4 50.310 2 0.886 4

s s MG 7.0227 0.3239 5.436 5 10.733 4

pCptY7] 10.969 1 1.182'1 19.379 3 5.568 2

FVID! 2] 8.156 7 0.540 1 7.059 3 6.262 1

7 CAP) 9.4312 0.733 0 12.147 2 7.627 4
DehazeNet 2 9.211 1 0.651 4 10.726 0 7.8655

IGSK ! 11.576 5 1.407 3 23.008 4 4.522 4

MSw 30 11.034 5 1.170 1 19.336 8 5.707 5

RXF*E 12.116 6 2.216 8 29.530 0 3.5111

IR EE 7.398 4 1.052 3 15.761 4 5.6472

pCpt!7 9.888 5 2.436 6 37.594 4 2.9342

FVID! %] 8.207 3 1.753 9 18.192 4 3.847 7

_ CAPL? 9.209 3 2.017 3 32.882 0 3.5452
DehazeNet %) 9.159 5 1.9323 29.504 9 3.640 6

IGSK!?] 9.876 6 2.987 6 32.169 5 1.991 2

Msw 30! 10.130 1 2.7879 39.802 7 2.7113

EXFHE 10.858 0 7.633 3 64.791 9 0.868 2
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Fig.9 Histogram of evaluation of dehazing image parameters
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