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Sand-Dust Image Enhancement Method Based on Color Cast Correction and Sky

Segmentation
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Abstract: To address problems of color cast, low sharpness, and poor performance of dark channel prior
methods in processing sky regions in sand dust images, a sand dust image enhancement method based on
color cast correction and sky segmentation is proposed. First, color cast in sand dust images is corrected by
combining color channel compensation and the gray world algorithm. Second, a dehazing method based on
sky segmentation is proposed. The image segmentation threshold is determined by information entropy,
and the image is segmented into sky and non-sky regions using this threshold. A fusion window is then used
to optimize the dark channel. Next, an adaptive adjustment factor is introduced to adjust the transmittance,
and an atmospheric scattering model is used to restore the image, achieving the effect of removing haze.
Finally, in the hue, saturation, value (HSV) space, global adaptive saturation compensation is performed
on the S channel through adaptive saturation enhancement, while the V channel is enhanced with adaptive
gamma correction. The proposed method improves the average gradient, standard deviation, and
information entropy by 2.27%, 4.34%, and 0.25%, respectively. Experimental results show that the
proposed method can correct the color cast phenomenon in sand dust images, improve image quality, and
enhance the improvement effect on sky regions.

Highlights:

1. Based on the characteristics of sand dust images and the principle of complementary colors, a color
channel compensation method for dust images is designed, optimizing the problems existing in traditional
color cast correction methods for dust image color cast correction.

2. In image sky segmentation, an image segmentation method based on image information entropy is
proposed, utilizing image information entropy to segment the image sky region. In dark channel dehazing,
a transmittance adjustment factor is designed to adjust the image transmittance, improving the recovery
effect of the image sky region.

3. An adaptive saturation algorithm and adaptive gamma correction are introduced to improve image
saturation and brightness, eliminating the problem of a dark image after dark channel dehazing.
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Fig.7 Comparison of processing results of different algorithms
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AR S ORI VAN AN 5 A o DRI I Ay 17 0 A 5 e 230 0 X 0 2 LR A IR S o e, A SCIE T B 5 %
el % 25 1) Jc ik B A 45 b BRISQUE™ R T8 11 0 2 2% R T bk AN 35 A ENTQA ™ 347 % W43 #7 .
Horp  BRISQUE 48 5 AJ DL A 1145 A4 355 B B R 2% B0 B2, M qi /D, A 3R I A5 0 A R iy, 2 L 2
/N ENIQA 545 ] LLPE A R 09 €8 % A7 18 4R, 48 bn B AIG , F0 3R 10 2 MG 52 35O B g o it Ah
AR T IR E (Average gradient, AG) A5 22 (Standard deviation, SD) LA K& B 4% (Informa-
tion entropy, EN) =F I 9 QT 48 br AT VR Al 03X 3R 3 AR 8 | R BT 1 B AF . 3R 1~5 43001
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#£1 AEFAEMBRISQUE JE#RELE Fz2 AEFEHENIQAFEIRILE
Table 1 Comparison of BRISQUE for different Table 2 Comparison of ENIQA for different
methods methods
Image HRDCP NGT SCB CBCS AoSR Ours Image HRDCP NGT SCB CBCS AoSR Ours

Image 1 2447 1243 15.78 19.52 12.91 24.60 Imagel  0.16 0.12 0.17 0.18 0.15 0.12
Image 2 38.14 39.04 34.57 32.40 32.79 12.12 Image2  0.19 0.24 0.21 0.21 0.17 0.09
Image 3 41.75 17.17 40.08 42.08 31.50 27.52 Image 3 0.38 0.29 0.32 0.27 037 0.36
Image4 2291 13.74 17.03 17.86 16.78 12.82 Image4  0.06 0.12 0.10 0.18 0.08 0.01
Image 5 23.64 29.54 26.51 29.85 24.88 19.26 Image 5  0.24 0.32 0.26 0.25 0.25 0.21
Image 6 29.45 29.73 24.79 27.07 24.13 23.34 Image 6  0.13 0.15 0.11 0.11 0.11 0.10

Average 30.06 23.61 26.45 28.13 23.83 19.94 Average  0.19 0.21 0.20 0.20 0.19 0.15

x3 ARAFEFEHHELILLR x4 TEFEREZILR
Table 3 Comparison of AG for different methods Table 4 Comparison of SD for different methods
Image HRDCP NGT SCB CBCS AoSR Ours Image HRDCP NGT SCB CBCS AoSR Ours

Image 1 9.68 3.63 3.31 6.72 3.03 8.60 Image 1 46.85 35.08 62.17 47.77 54.85 60.62
Image 2 8.18 450 3.82 644 4.02 7.15 Image 2 65.48 75.07 74.02 69.08 64.77 82.97
Image 3 14.83 9.38 7.14 986 5.82 12.07 Image 3 60.86 59.73 67.68 55.04 51.13 69.97
Image4 1246 5.39 4.69 852 3.54 10.92 Image 4 56.23 49.88 62.33 58.04 46.64 76.50
Image 5 9.27 3.15 5.72 8.62 242 10.73 Image 5 41.88 30.41 51.35 51.13 70.62 64.69
Image 6 1.89  1.17 1.30 6.39 3.09 8.10 Image 6 40.12 39.33 66.30 36.25 50.74 45.76
Average 9.38 454 433 7.76 3.65 9.60 Average 51.91 48.25 63.98 52.88 56.46 66.75

F 1AW TR D5 b B £ 7 BRISQUE £5 FEHEEEHILE
fabr o X T BRISQUE 8 15 , BRAS L7 L 7EEIfR Im= Table 5 Comparison of EN for different methods
age 1 Al Image 3ACRME T NGT Ji ik  fE R Image  y09¢  HRDCP NGT SCB CBCS A0SR Ours
HET AoSRTIES KT HA T %o FFEART  Image1 724 702 7.70 7.24  7.56  7.50
A BE ERH) BRISQUE F8 bR BB AE T HAB 4 M Tmage2 754 758 7.39 742 732 7.61
1 BRSO LG D R EREWBEAS . Image3  7.50 7.55 7.53 7.36  7.16 7.65
FK2 T BRI ENIQA 545X L. X T ENIQA  Imaged  7.33  7.32 7.58 7.33 7.21 7.64
e bR, B CBCS Jr ¥ 7€ Image 3 EWgAE T ALk Image5  7.24  6.94 759 744 759 7.80
G AL T A R A SO i 2E . K3 NEG  Image6 645 641 7.24 688  7.16 6.92
AGHXTLEE R, TTLIFE 2, HRDCP J5 i 7E Image Average  7.22 714 7.50 7.28 7.33 7.52
1~4 b FA Sy ik AR SO B F 55 4 4 Fh
Tk, HAGHE . R4 SD X R KA . HRDCP NGT #l CBCS J5 ¥ B A 7 L8 I 1)
SD 4845, SCB Al AOSR J5 ik H R B 2B 19 SD H8 45 , 17 4% SC7 8 W 7= A= 1 4 DB SD 6 L 1
B8 AR SO AL R ERAE SD AR B B RBLR AP . IR 5 EN X LLZ5 R F B4 SCB 7 15 il AoSR
7 Ab B ) Image 1 Fl Image 6 /b, AR SCH VA fE ENFE b L R B iy, H ENSE &y, RIHE ARSI ik
b 3R BRI 5 B iR £ .

25 BT AR SO B 05 VA AR & WA B AN R LM BE L 2 e B LA €, T DAAT RO AR IE T 2R B
14 €0 i L B3 PRSI A S5 SR B8 M0 A5 S0 BT B L X L R R €20 R A R B T A 1 3 A LR L TE P T O IR Y
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