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e oDl ols | laa¥ JS slass | MSE | PSNR | SSIM | MSE | PSNR | SSIM
2 11 164 | 869 | 039 | 465 | 817 | 0.36
3 14 154 | 912 | 039 | 447 | 8.72 | 0.36
4 17 159 | 982 | 042 | 439 | 875 | 0.38
5 20 156 | 1025 | 0.45 | 438 | 8.84 | 0.41
6 23 154 | 11.03 | 0.49 | 428 | 10.13 | 0.44
7 26 147 | 1055 | 0.47 | 4.18 | 10.56 | 0.43
8 29 145 | 1142 | 054 | 417 | 10.94 | 0.48
9 32 146 | 1164 | 053 | 414 | 11.89 | 0.51
10 35 1.36 | 13.28 | 0.60 | 3.93 | 11.73 | 051
11 38 128 | 1289 | 0.62 | 3.83 | 12.70 | 0.52
12 41 134 | 13.73 | 0.67 | 3.61 | 1255 | 0.57
13 44 1.27 | 1478 | 0.66 | 3.47 | 14.04 | 0.59
14 47 1.20 | 15.76 | 0.73 | 3.44 | 14.42 | 0.65
15 50 1.23 | 16.89 | 0.78 | 3.33 | 1591 | 0.63
16 53 1.10 | 16.85 | 0.76 | 3.30 | 16.34 | 0.69
17 56 1.09 | 1872 | 0.84 | 3.25 | 1758 | 0.72
18 59 0.98 | 20.14 | 091 | 2.83 | 18.78 | 0.81
19 62 0.99 | 20.68 | 0.90 | 2.84 | 19.48 | 0.84
20 65 1.02 | 2048 | 0.92 | 291 | 1850 | 0.83
21 68 1.03 | 20.57 | 0.87 | 2.76 | 19.13 | 0.78
22 71 0.99 | 2043 | 095 | 2.76 | 18.39 | 0.81
23 74 1.01 | 1998 | 0.94 | 2.76 | 18.84 | 0.80
24 77 0.96 | 19.92 | 093 | 2.76 | 19.40 | 0.82
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18 59 |0.9720.46] 0.92 2.87(18.70| 0.84
18 59  |0.9820.02] 0.89 2.88]18.51] 0.82
18 50  [0.9620.26] 0.89 2.7918.43] 0.78
18 50  [0.9620.22] 0.93 2.79(18.60| 0.80
18 50 [0.97/20.17]0.91 2.77/18.99] 0.78

0.98 20.13| 0.91 2.85|18.78 0.81
18 50  [1.00/19.91]0.90 2.8919.05| 0.81
18 50  [0.9919.89] 0.92 2.8818.96 0.81
18 59  [1.00/20.09] 0.93 2.8918.32] 0.85
18 59  |1.00]19.87]0.92 2.83(19.10| 0.84
18 59 |1.00[20.45] 0.91 2.8819.18] 0.81
19 62 |1.02|19.62]0.87 2.91/18.11] 0.80
19 62 |1.01/18.71| 0.87 3.03|17.46| 0.74
19 62 |1.04/19.19] 0.83 3.04|17.76| 0.76
19 62 |1.03]18.76] 0.88 2.96]18.05] 0.81
19 62  [1.00/19.45] 0.91 2.93(18.07| 0.80

1.0219.17| 0.87 2.99|17.85| 0.78
19 62 [1.00/19.63]0.85 3.00[17.62] 0.79
19 62 [1.02/18.74] 0.01 3.02|17.66] 0.78
19 62 |1.00/19.58] 0.85 2.9918.02| 0.76
19 62 |1.01/18.70] 0.90 3.01|17.84 0.81
19 62 |1.04/19.33]0.86 2.97(17.97| 0.74
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NH-HAZE Dense-Haze

e MSE PSNR SSIM MSE PSNR SSIM
[27] 1.07 19.81 0.92 2.99 18.38 0.82
[28] 1.10 19.90 0.93 2.98 18.03 0.78
[16] 1.08 19.14 0.93 3.05 18.61 0.80
[29] 1.12 19.90 0.90 2.99 17.78 0.82
[17] 1.10 19.63 0.92 3.00 18.14 0.83
[30] 1.08 19.11 0.88 3.07 18.09 0.84
[31] 1.08 19.28 0.92 3.08 18.44 0.80
[32] 1.07 19.55 0.86 3.02 18.47 0.77
[33] 1.09 19.95 0.88 2.95 17.92 0.77
[19] 1.13 19.95 0.86 3.05 18.19 0.78
[20] 1.08 19.17 0.87 3.01 18.15 0.83
[21] 1.08 19.96 0.93 3.06 18.33 0.78
ool (5 Slee 1.44 17.11 0.84 7.41 14.52 0.73
ooy b, 0.98 20.14 0.91 2.83 18.78 0.81
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Abstract

Fog usually causes severe interference in the image. Such image degradation presents a challenge to both human
observers and computer vision systems. Image dehazing is the process of improving the quality of images that are
affected by air scattering or water droplets. In this paper, a novel method for high-quality dehazing is proposed.
The proposed algorithm for removing fog from images is based on a combination of two efficient mathematically
based methods and the addition of a deep learning layer. The proposed method performs dehazing in the first
phase based on adaptive histogram equalization and gamma correction. It operates in the HSV and RGB color
spaces. In the second phase, a color channel-based method is used to dehazing by modeling it on the human brain,
processing the brightness and saturation of pixels in a foggy image and examining the changes in concentration.
In the third phase, a deep denoising network DnCNN is used to achieve a higher quality image. The DnCNN
network was used with the justification that after image processing, the remaining fog follows a noisy pattern and
can be considered as noise. The results of implementing and evaluating the proposed method on standard image
databases showed that the proposed method, in addition to improving the quality of the results compared to
previous methods, also performs better in terms of occupied memory. Another advantage of the proposed method
is that it can be used for dehazing small-sized images.

Keywords: Image Dehazing, Deep learning, Histogram Equalization, Convolutional Neural Network
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