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Abstract: To solve the unnatural restoration of the sky area and imprecise estimation of haze density, a de-
hazing algorithm for sky segmentation and haze density estimation is proposed. First, to improve the preci-
sion of transmission estimation and the quality of image dehazing, the thresholds of gradient and brightness
are used to segment the sky region. Next, an adaptive dark channel prior and quadratic tree subdivision
method are utilized to estimate the atmospheric light. Finally, different transmission estimation methods
are used for the sky and non-sky regions; a bright channel prior is used in the sky region, and a linear haze
density estimation model is proposed in the non-sky region. The final transmission is obtained by combin-
ing the probability distribution of the pixel and edge refinement using guided filter, and the recovered im-
age is attained using the atmospheric scattering model. Experimental results show that the dehazed images

perform well in terms of subjective and objective quality evaluation. The proposed dehazing algorithm can
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restore a more natural sky and dehaze more thoroughly to improve the clarity of image details. The operat-

ing speed of the proposed algorithm is similar to that of the current algorithms. Furthermore, the proposed

algorithm is more stable compared to traditional algorithms for different hazy scenes.

Key words: image dehazing; sky segmentation; atmosphere light estimation; hazy density estimation;

transmission estimation
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Fig.1 Block diagram of algorithm principle
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(a) Image 1 with sky area
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Fig.2 Results of sky segmentation.
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Fig.3 Hazy image and its atmosphere light estimation results
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synthetic hazy images
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Fig. 5 Results of haze density estimation and image de-

hazing
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Fig. 6 Results of hazy images transmission and dehazing
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Tab.1 Comparison of the parameters of image quality as-

sessment

FEEAEES GRS e r H
Zhu 5312 1.5835 1.0281  0.02

He 83 3.0778 1.6392  0.02

1 Beman® ¥ 55671  1.5621  0.04
Cai g1 1.2408  1.1672  0.02
AcEY: 41317 13631 0.04

Zhu % 1.8654  0.7375  0.01

He 53k 4.0742  1.2814  0.06

2 Beman$5yk  4.1219  1.5621  0.08
Cai g1 1.0058  1.0493  0.04
AW 48233 1.6813  0.01

ZhuB % 1.3134 1.6176  0.01

He 5% 1.5093  1.9608  0.01

3 Beman®y: 51928  2.0863  0.05
Cai 31 4.8639  1.4482  0.02
AW 63285  4.8117  0.01
ZhufEd:  4.0099  1.1396  0.02

He 5 % 4.4633  1.1206  0.02

4 Beman 7k 54883  1.5882  0.04
Cai 31 1.0309  1.0792  0.01
ACEW: 6.8216  1.6517  0.05
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Fig.9 Hazy images and the corresponding ground truth images
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Tab.2 Comparison of PSNR and SSIM values

A% KR G ReS PSNR SSIM
Zhu 3tk 7.140 2 0.506 9

He 8 6.318 9 0.504 4

1 Beman 5 3% 8.7117 0.521 9
Caifime 7.638 1 0.484 9

Ak 8.638 2 0.518 2

Zhu ¥k 9.950 3 0.677 2

He H¥%& 11.6329 0.7125

2 Beman 574 13.948 8 0.7712
Caifiik 9.749 6 0.661 1

AL 15.142 3 0.754 5

Zhu$i 3k 14.941 4 0.706 5

He % 32 15.968 6 0.723 8

3 Beman ik 15.4559 0.701 7
Cai§iik 14.674 5 0.698 6

Ak 16.559 7 0.727 1

Zhu 3% 11.470 1 0.2323

He 3 12.085 8 0.217 2

4 Beman#¥i%  10.6816 0.174 3
Cai ik 11.343 2 0.227 4

LN GRS 12.187 8 0.235 4

®3 BEREZEZETHERER

Tab.3 Comparison of running time of image dehazing al-

gorithms

KECPNAN Rk B AT ]
Zhu 3tk 5.89s
He ®3% 10.15s

1024 X768 Beman 53 19.46s
Caif ik 20.37s
AR CFE 8.05s
Zhu Bk 2.17s
He 53k 3.71s

600 400 Beman 51 7% 5.49s
CaiFiik 6.63s
Ak 3.42s
Zhu %5 2.26s
He ® ¥ 3.01s

474406 Beman 8.3 3.25s
CaiFiik 4.34s
ARk 2.72s
ZhuB % 1.93s
He & ¥ 3.39s

580X 435 Beman 54 6.02s
Caifik 6.19s
A SCHE 2.41s
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