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Abstract

To address the degradation of visual information in haze-affected images, this paper proposes a fast
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dehazing algorithm based on prior knowledge. The method employs image segmentation technology
to accurately estimate atmosphericlight values and combines fast guided filtering with weighted least
squares joint optimization to refine the transmission map, effectively suppressing halo artifacts
while preserving edge details. Gamma correction and automatic level optimization are introduced
to enhance image brightness and contrast. Experiments utilize a multi-scenario test set comprising
outdoor images with sky regions/depth mutations, Middlebury_GT real indoor images, and Middle-
bury_Hazy synthetic hazy images (generated from Middlebury_GT depth maps). Experimental re-
sults demonstrate that in outdoor scenes, the proposed method achieves a visible edge rate (Er) of
—-0.0286 and an information entropy (IE) of 7.6945, representing improvements of 1.44% over the
color attenuation prior (7.5850) and the original dark channel prior (7.5852), and 7.38% over his-
togram equalization (7.1655). The SSIM value reaches 0.85, outperforming histogram equalization
(0.83).Inindoor scenes, the visible edge rate (Er) significantly improves to 3.6515, marking a 66.3%
enhancement over the original dark channel prior (2.1951). The information entropy (IE) and SSIM
values attain 7.4335 and 0.7786, respectively, surpassing the original dark channel prior (0.7587)
by 2.62%, as well as outperforming the color attenuation prior (0.6780) and histogram equalization
(0.6719). This work provides an efficient solution for computer vision tasks in complex hazy envi-
ronments, effectively balancing edge preservation, detail recovery, and human visual perception
characteristics.
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Figure 1. (a) Haze-free; (b) Dark channel; (c) Hazy + dark channel
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Figure 2. Effects of Dark Channel Prior (DCP) technique on hazy images under varying haze
conditions
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Figure 3. Atmospheric light estimation process
B 3. XEBEENGITERE

K-means ZRKTTIEAEET 70 XH—FREBAR . —BUFR T, RARKJL AR SR R A AR 2

DOI: 10.12677/aam.2025.144195 664 I3RS


https://doi.org/10.12677/aam.2025.144195

AR &5

(]I AH AR EE . AL AbBR 2, BR BRI . K-means SREHAHE H 75 20 2 WIIA I R R E R K, IR
Kl R 5 RS 22 18] AR ALUE SRAS W B8 JE S L (L IT%/\ZJ%Z%%/TTTH KA I ) %
HEFEAFL, w4, 2 K<5@3#)S K> 5 (RaH)K BB A 8RR FIRHE L.

JRUEAEJUAN LI TPE B T 29 B0 ey K = 5 B B A BRI FIZCR, (ALEA B 2 KR L
oL XM ZE T, A EIRAS N BT REMZ X AF ORI, BRI R 2 IR f iR
ooy, il 5 Fron. fEE 5 %E%ﬁ%mﬁﬂﬁiﬂﬁ?ﬂﬁ?l&

.7 il onth v
(@) (b) (© (d)

Figure 4. (a) Input hazy image; (b) When K <5 (over-segmentation); (c¢) When K = 5 (optimal
segmentation); (d) When K > 5 (under-segmentation)
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Figure 6. Image segmentation effect. (a) Hazy image; (b) Segmented image; (c) Sky
area; (d) Haze area
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Figure 7. Effects of different atmospheric illumination values A on the image. (a) Hazy
image; (b) A =150; (c) A =200; (d) A =230
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Figure 8. Probability distribution function of the pixel probability values of the grayscale images of the images.
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Figure 9. Final image segmentation effect. (a) Tian’anmen Square; (b) City; (c)
Seaview; (d) Forest
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Figure 10. Effects of filter windows of different sizes on the image dehazing effect. (a) Hazy image;
(b) Fast guided filtering window with a size of 3 x 3; (c) Fast guided filtering window with a size
of 7 x 7; (d) Fast guided filtering window with a size of 13 x 13; (e) Fast guided filtering window
with a size of 15 x 15
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Figure 11. Comparison of dehazing methods. (a) Original image; (b) Initial transmission
1mage; (c¢) Transmission 1mage of the fast guided filter; (d) Results of the proposed technique
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Figure 12. Image transmission rate maps and dehazed images after different
filtering optimizations. (a) Hazy image; (b) Dark channel image; (c) Transmis-
sion rate map optimized by guided filtering; (d) Transmission rate map opti-
mized by joint filtering; (e) Dehazed image with guided filtering; (f) Dehazed
image with joint filtering
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Figure 15. Processing effects of outdoor images under different
dehazing methods. (a) Hazy image; (b) Color attenuation prior; (c)
Original dark channel verification; (d) Histogram equalization; (e)
The adopted technique
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Figure 16. Processing effects of indoor images under different dehazing
methods. (a) Original image; (b) Hazy image; (c) Color attenuation prior; (d)
Original dark channel prior; (e) Histogram equalization (f) The adopted
technique
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Table 1. Objective evaluation indicators of outdoor images

* 1 PONERERINTN BT

R bR B 208 S 5 J5 B A S B HIT Bt A

Er 0.0773 0.0528 -0.0189 -0.0286

IE 7.5850 7.5852 7.1655 7.6945
SSIM 0.96 0.86 0.83 0.85

Table 2. Objective evaluation indicators of indoor images

* 2. EARGHEINTN BT

[ R R B I 5 JF I 3 T S 0 HIT St AL
Er 0.8120 2.1951 1.2088 3.6515

IE 7.3392 7.6609 7.3116 7.4335
SSIM 0.6780 0.7587 0.6719 0.7786
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