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Image dehazing algorithm by combining light field
multi-cues and atmospheric scattering model

Wang Xin, Zhang Xudong®, Zhang Jun, Sun Rui
School of Computer Science and Information Engineering, Hefei University of Technology, Hefei, Anhui 230601, China

Abstract: Image captured in foggy weather often exhibits low contrast and poor image quality, which may have a
negative impact on computer vision applications. Aiming at these problems, we propose an image dehazing algo-
rithm by combining light field technology with atmospheric scattering model. Firstly, taking the advantages of cap-
turing multi-view information from light field camera is used to extracting defocus cues and correspondence cues,
which are used to estimating the depth information of hazy images, and use the obtained depth information to cal-
culating the scene’s initial transmission. Then use scene depth information to build a new weight function, and com-
bined it with 1-norm context regularization to optimizing the initial transmission map iteratively. Finally, the central
perspective image of hazy light field images is dehazed using atmospheric scattering model to obtain the final de-
hazed images. Experimental results on synthetic hazy images and real hazy images demonstrate that, compared to
existing single image dehazing algorithms, the peak signal to noise ratio get 2 dB improvement and the structural
similarity raise about 0.04. Moreover, our approach preserves more fine structural information of images and has
faithful color fidelity, thus yielding a superior image dehazing result.
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Fig. 8 Comparison of image dehazing results using the depth extracted by the method of Ref. [13] and the depth

extracted by our method. (a) Hazy image and haze-free image; (b) Initial depth map;
(c) Optimized depth map using guided filtering; (d) Transmission map; (e) Restored image
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Fig. 10 Effect of transmission map optimization on image dehazing results. (a) Input hazy image and ground truth (from top to bottom);
(b) Initial scene transmission map and optimized transmission map; (c) Dehazing results by using (b)
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Table 1 Quantitative comparison of dehazing results on synthetic hazy scenes (PSNR)

Vinyl Buildings Buildings2 Flower Court Average

[11] 63.53 68.03 71.46 62.37 62.81 65.64

[12] 66.50 66.90 70.60 66.61 66.26 67.37

[13] 64.19 62.54 67.16 67.79 58.80 64.10

[14] 65.62 70.51 77.03 70.38 66.47 70.00

[15] 67.34 67.62 75.03 67.25 67.91 69.03

[16] 67.91 61.32 65.24 65.65 60.36 64.10

[17] 59.60 64.85 76.19 65.82 59.93 65.28

68.13 72.97 77.47 74.90 68.80 72.45
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Table 2 Quantitative comparison of dehazing results on synthetic hazy scenes (SSIM)

Vinyl Buildings Buildings2 Flower Court Average
[11] 0.647 0.905 0.841 0.605 0.687 0.737
[12] 0.792 0.668 0.756 0.712 0.732 0.732
[13] 0.760 0.556 0.653 0.727 0.588 0.657
[14] 0.714 0.766 0.874 0.825 0.773 0.790
[15] 0.748 0.816 0.846 0.717 0.847 0.795
[16] 0.742 0.531 0.620 0.703 0.636 0.646
[17] 0.738 0.668 0.870 0.715 0.627 0.724

0.813 0.886 0.897 0.862 0.916 0.875
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Fig. 13 Comparisons of dehazing results on real hazy images. The first line is hazy images; The second line to the eighth line are the
dehazing results of Ref. [11~17] methods; The ninth line is the dehazing results of our method
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Overview: Under severe weather conditions such as fog, rain, and haze, the scattering of atmospheric particles degrades
the images captured by camera. Image contrast and color fidelity will be reduced to some extent, which may have a neg-
ative impact on computer vision applications. At the same time, due to the limited information provided by single im-
age, it is difficult to extract the depth information of the scene for image dehazing. Thus, studies on image dehazing
methods have great significance. In this paper, we first present an image dehazing algorithm by combining light field
technology with atmospheric scattering model. Firstly, taking the advantages of light field refocusing and capturing
multi-view information, we extract defocus and correspondence cues. After that, we extract the depth information of
the scene by defocusing and correspondence cues, respectively, and the attainable maximum likelihood (AML) is taken
as confidence measure method, which can be used to calculate confidence to synthesize the depth maps. Secondly, the
scene transmission is calculated according to the exponential relationship between the scene depth and scene transmis-
sion. After that, we construct a weight function to constrain the singular value of the scene transmission by using the
obtained depth information, and introducing the weight function into weighted 1-norm context constraint to optimize
the transmission map iteratively. Finally, the obtained scene transmission and the central view image of the hazy light
field images are introduced into the atmospheric scattering model to achieve image dehazing. The experiments were
tested on synthetic hazy images and real hazy images respectively. Experiments results on the synthetic hazy images
evaluate the performance of eight dehazing methods. In quantitative analysis, compared to seven kinds of single image
dehazing algorithms, the peak signal to noise ratio get 2 dB improvement and the structural similarity raise about 0.04.
In qualitative analysis, our method has achieved the best results in five scenarios, and images after dehazing has higher
contrast and color fidelity for better visual effects. Experiments results on real hazy images demonstrate that our method
can achieve superior dehazing results. Images after dehazing with our method have higher contrast and color fidelity. At
the same time, our method has a certain inhibitory effect on noise in the images. The comparison results of noise con-
tained in images after dehazing by different algorithms show that there is less noise in the images by our method, and
the images have the highest contrast and visibility. In general, compared with seven single image dehazing algorithms,
our method achieves the best dehazing effect, images contrast and structural similarity after dehazing have been greatly
improved.

Citation: Wang X, Zhang X D, Zhang J, et al. Image dehazing algorithm by combining light field multi-cues and atmos-
pheric scattering model[J]. Opto-Electronic Engineering, 2020, 47(9): 190634
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