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Abstract
Sand-dust color images suffer from poor image visibility and serious color cast that signif-
icantly affect the performance of outdoor computer vision systems. Therefore, this paper
proposes an integrated enhancement method for the sand-dust image. The proposed method
improves the image visibility and removes the sand-dust color cast. It integrates two main
processes in two different color models. The adaptive gray world-blue channel (AGW-B) is
utilized in the Red-Green-Blue (RGB) color model to remove the sand-dust color cast. Then,
the contrast limited adaptive histogram equalization with normalized intensity and saturation
correction (CLAHE-NISC) is conducted in a Hue-Saturation-Intensity (HSI) color model to
enhance the image visibility. Sand-dust images with weak, medium, and extreme sand-dust
color casts were utilized in the subjective and objective evaluations. Results show that the
proposed method produced better and clearer enhanced images than the other four current
sand-dust image enhancement methods.

Keywords Sand-dust image · Blue channel compensation · Image enhancement method ·
Color restoration · Normalized intensity and saturation correction

1 Introduction

Sand dust is one of the image quality deterioration factors caused by badweather [1, 2]. Due to
sand-dust weather conditions, color images suffer from poor image visibility and low contrast
[3–5]. Moreover, they have a yellow or even orange color cast due to the absorption of the
blue channel by the sand-dust particles [6]. These sand-dust images significantly affect the
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performance of various outdoor computer vision systems, such as traffic monitoring systems,
human and vehicle tracking systems, video surveillance systems, outdoor object recognition
systems, and others.

Therefore, various image enhancement methods [1–22] have been proposed to address
this problem. Fu et al. [1] proposed a fusion-based enhancement method that corrects the
color of the sand-dust image using a statistical strategy. Meanwhile, Yan et al. [2] integrated
global fuzzy enhancement and band-limited histogram in their method. However, although
both methods enhance the image contrast, the overall enhancement was not satisfactory for
cases with severe color distortion.

Huang et al. [7] implemented an enhancement method based on the dark channel prior
(DCP), but they produced a bluish artifact on the sand-dust images. The same blueness
happened toWang et al. [8]when they implemented their enhancementmethod in theCIELab
color model. Shi et al. [12] used an improved DCP to reduce the halo effect and implemented
this method in the CIE Lab color model. They achieved good image visibility, but their output
images showed a dim phenomenon. Another enhancement method employed in the CIE Lab
color model by Shi et al. [14] utilized a normalized gamma transformation-based contrast
limited adaptive histogram equalization (CLAHE). Although theymanaged to get reasonable
resulting images, they could not enhance severe sand-dust images.

Based on the atmospheric scatteringmodel (ASM),Yu et al. [10] proposed an enhancement
method that improved the image visibility and compensated for the color shift. However, the
resulting images produced halo effects and looked unnatural. Meanwhile, Al-Ameen [9] pro-
posed an enhancement method based on tuned tri-threshold fuzzy intensification operators,
but it failed to remove the color cast effectively.

Gao et al. [15] and Cheng et al. [16, 17] focused their methods on compensating for the
blue channel of the sand-dust images. However, these methods did not enhance and recover
the image with an orange sand-dust color cast. Gao et al. [18] also proposed an enhancement
method based on the YUV color model. They achieved the color correction using the color
components U and V in the YUV color model, and they acquired contrast enhancement via
CLAHEand improvedRetinex. However, color distortions still exist in their resulting images.
Alsaeedi et al. [20] also proposed an image enhancement method based on color correction
using a newmembership function in the YUV colormodel. However, the resulting images are
bluish because the color correction is applied only to the U and V components. Meanwhile,
Wang et al. [3] proposed a fast color balance and multi-path fusion method to enhance sand-
dust images. Their method removed the color cast but did not correct the color effectively.

Park et al. [4] proposed a sand-dust enhancement method that aims to obtain a coincident
chromatic histogram by removing the color cast and enhancing the contrast and brightness of
the sand-dust images. This method removed the color cast and enhanced the image contrast
except for the brightness. Meanwhile, Gao et al. [5] proposed a color balance and sand-dust
image enhancement algorithm in the CIE Lab color model. They effectively remove the
color shift while reducing the blue artifact. However, their method fails when encountering
images with an extreme sand-dust color cast. A sand-dust image enhancement based on light
attenuation and transmission compensation has been proposed recently by Fei Shi et al. [21].
Although themethod performswell onmost sand-dust images, it did not produce ideal results
when dealing with an extreme sand-dust color cast.

Furthermore, enhancement methods using classic deep learning-based dehazing algo-
rithms have also been proposed [11, 13, 19]. Zhu et al. [11] simultaneously estimated the
transmission map and atmospheric light using a generative adversarial network but required
huge-scale datasets for training and testing [23]. Li et al. [13] utilized three joint subnets
to disintegrate the input fuzzy image into three layers. However, there are still errors in the
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atmospheric light estimation. Recently, Gao et al. [19] proposed a two-step unsupervised
approach that utilized a color correction method and generative adversarial network. How-
ever, it produced color distortion and a halowhen enhancingmageswith an extreme sand-dust
color cast.

1.1 Motivation and contributions

Although these enhancement methods have varying degrees of success, almost all of the
methodsmentioned earlier still suffer from color distortion [1–3, 13], bluish and halo artifacts
[5, 7, 8, 10, 19, 20], ineffective color cast removal [9, 14–17, 21], dim enhanced image [4,
12], and large dataset requirement [11, 23].

Motivated by these problems, this paper proposes an enhancement method that integrates
two main processes in two different color models to improve image visibility and remove the
color cast for sand-dust images. Since the sand-dust particles absorb blue light intensively,
the blue channel of an image is significantly attenuated [6], resulting in a yellowish to reddish
appearance in an extreme sand-dust environment.

The first process addresses the sand-dust color cast issue by utilizing the AGW-B within
the RGB color model that effectively removes the sand-dust color cast by incorporating the
compensated global and local mean values of the RGB channels. However, the resulting
image from the first process lacks visibility.

To address this, CLAHE-NISC is implemented in the HSI color model. It enhanced the
visibility by modifying the saturation and intensity without affecting the hue. Lastly, the
enhanced image is converted back to the RGB color model.

By combining the AGW-B and CLAHE-NISC processes sequentially, the proposed
method capitalizes on the strengths of each approachwhile addressing their respective limita-
tions. This synergistic integration results in a comprehensive image enhancement technique
that effectively tackles color cast removal and contrast enhancement challenges encountered
in sand-dust imagery.

The proposed method offers an innovative solution for enhancing sand-dust images by
introducing novel concepts and improvements to existing processes, ultimately leading to
superior image quality and perceptual fidelity.

Thus, the contributions of this work can be summarized as follows:

1. The proposed method integrates two processes in two color models to enhance the sand-
dust image.

2. The blue channel compensation technique is introduced to effectively remove different
levels of sand-dust color cast.

3. The normalized intensity and saturation correction functions are introduced to minimize
color distortion and reduce the over-enhancement of the image brightness.

The proposed method is compared with four existing model-based sand-dust image
enhancement methods to evaluate the performance. Moreover, image quality assessments
were computed to assess two criteria: image visibility and color restoration. For the experi-
ments, sand-dust images from the sand-dust image dataset [4]were utilized. Results show that
the proposed method produces better images than the other four sand-dust image enhance-
ment methods.

The rest of this paper is organized as follows. Section 2 presents the proposed method,
while Section 3 provides the experimental results. Section 4 concludes the paper.
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2 Proposedmethod

In this section, the proposed method is discussed. It integrates two main processes in two
different color models. The AGW-B is utilized in the first process. It is implemented to the
image in the RGB color model to remove the sand-dust color cast.

Then, the resulting image is converted from RGB to the HSI color model for the second
process. Here, the saturation and intensity of the image are modified using CLAHE-NISC.
During this process, the image’s hue is maintained. Lastly, the enhanced image is converted
back to the RGB color model. The process flow of the proposed method is illustrated in
Fig. 1.

2.1 Adaptive gray world-blue channel (AGW-B)

The proposed method employs the AGW-B approach, a modified version of AGW [24,
25], to remove the sand-dust color cast. In a conventional GW method, scaling factors are
determined using a single channel from the RGB color space as a reference, commonly
utilized for mitigating color cast in night-time and underwater images [24–26].

In contrast, the AGWmethod incorporates the global mean of an image and integrates the
local mean of individual channels in its calculations. Moreover, to eliminate the color cast,
the method compensates for the red and blue channels in underwater images [24, 25], and
all three color channels for night-time images [26].

In sand-dust imagery, the blue channel experiences considerable attenuation. This dimin-
ished intensity results in a yellow, orange, or red color cast within the sand-dust image.
Consequently, to remove the sand-dust color cast, the AGW-B method adjusts the blue chan-
nel of the sand-dust image of sized M × N through the following equations.

R(i, j) = R(i, j) (1)

G(i, j = G(i, j) (2)

Bc(i, j) = B(i, j) + αb(Ḡ − B̄) · (1 − B(i, j)) · G(i, j) (3)

where R(i, j),G(i, j) and B(i, j) represent the red, green, and blue color channels of an
imagewith the interval [0,1], Ḡ and B̄ are the global mean values ofG(i, j) and B(i, j). αb is
a constant parameter equal to 1, which is deemed suitable for various illumination conditions
and acquisition settings [27]. In this computation, the values of the red and green channels
remain unchanged, while the blue channel is compensated.

Fig. 1 Process flow of the proposed method
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Then, using these values, the compensated global mean values, R̄g, Ḡg and B̄g for each
color channel of the image are computed using the expressions below.

R̄g = 1

MN

∑

i∈M

∑

j∈N
R(i, j) (4)

Ḡg = 1

MN

∑

i∈M

∑

j∈N
G(i, j) (5)

B̄g = 1

MN

∑

i∈M

∑

j∈N
Bc(i, j) (6)

Next, the compensated local mean of each channel are computed.

R̄L(i, j) = 1

(2L + 1)2
∑

(i, j)∈WL

R(i, j) (7)

ḠL(i, j) = 1

(2L + 1)2
∑

(i, j)∈WL

G(i, j) (8)

B̄L(i, j) = 1

(2L + 1)2
∑

(i, j)∈WL

Bc(i, j) (9)

where WL is the moving local average window size for (2L + 1) × (2L + 1) region with
L is set to 10 [25]. Here, the average of all the local neighboring pixel values for each pixel
substitutes its original value. Additionally, mirror reflections of the image’s edge borders are
used to pad them.

As the light attenuation in a sand-dust image varies globally, compensated global and
local means are calculated to ensure adequate compensation for the global and local light
attenuation. Utilizing these mean values, the compensated mean values for the red, green,
and blue channels are computed.

R̄θ (i, j) = α · R̄g + (1 − α) · R̄L(i, j) (10)

Ḡθ (i, j) = α · Ḡg + (1 − α) · ḠL(i, j) (11)

B̄θ (i, j) = α · B̄g + (1 − α) · B̄L(i, j) (12)

where 0 < α < 1.
Lastly, the color cast is removed by averaging out the compensated color channels

R(i, j),G(i, j), and Bc(i, j) with the compensated mean values, R̄θ (i, j), Ḡθ (i, j) and
B̄θ (i, j) using the expressions below.

R̂(i, j) = R(i, j)

R̄θ (i, j)
· m (13)

Ĝ(i, j) = G(i, j)

Ḡθ (i, j)
· m (14)

B̂(i, j) = Bc(i, j)

B̄θ (i, j)
· m (15)

where

m = 1

3MN

∑

i∈M

∑

j∈N
[R̄θ (i, j) + Ḡθ (i, j) + B̄θ (i, j)] (16)
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2.2 Contrast limited adaptive histogram equalisation with normalized intensity and
saturation correction (CLAHE-NISC)

The resulting image from the initial process is transformed fromRGB to the HSI color model.
HSI, representing Hue (H), Saturation (S), and Intensity (I), offers a representation of color
images that aligns well with the human visual system [28, 29]. This model carries intuitive
advantages for image enhancement and offers more precise color descriptions than the RGB
model [30].

In the HSI color model, H signifies the human perception of various colors and spans a
range from 0◦ to 360◦, where 0◦, 120◦ and 240◦ correspond to red, green, and blue, respec-
tively. S denotes color purity, with higher saturation indicating a more vibrant color, while I
represents color brightness. Both S and I fall within the range of 0 to 1.

After the image is converted to the HSI color model, CLAHE is applied to the S and I
components. CLAHE is an adaptive contrast enhancement method based on adaptive his-
togram equalization (AHE) [31]. It refines the enhancement calculation in AHE by imposing
a user-specified maximum to the height of the local histogram. This enhanced calculation
prevents the edge-shadowing effect of the AHE [32]. It also limits and redistributes the large
pixels and effectively reduces the noise.

However, CLAHEmay over-enhanced the image brightness and introduce color distortion
to the enhanced image [33–35]. Thus, to reduce over-enhanced brightness andminimize color
distortion, normalized intensity and saturation correction (NISC) functions are introduced.

In = I − min(I )

max(I ) − min(I )
(17)

Sn = S − min(S)

max(S) − min(S)
(18)

where In and Sn are the normalized intensity and saturation values of the enhanced image,
respectively .

During the process, theH component of the image ismaintained. Thus, the image visibility
and the contrast of the image are improvedwithminimal color distortion. Lastly, the enhanced
image is converted back to the RGB color model. The overview of the two processes is
illustrated in Fig. 2. It can be observed that the sand-dust color cast has been completely
removed by the AGW-B. Meanwhile, the image visibility and the contrast of the resulting
images have been improved by the CLAHE-NISC.

2.3 Computational complexity

The computational complexity of the proposed method primarily hinges on its two key com-
ponents: the AGW-B method and the CLAHE-NISC method. The AGW-B method involves
adjusting the blue channel of the sand-dust image based on global and localmean calculations.
These computations require iterating over all pixels in the image, resulting in a complexity of
O(N ), where N is the number of pixels. Similarly, the CLAHE-NISC method applies adap-
tive histogram equalization and subsequent corrections to the image’s saturation and intensity
components. This method also necessitates processing each pixel in the image, leading to a
complexity of O(N ). Considering these factors, the overall computational complexity of the
proposed method can be concisely summarized as O(N ), reflecting the dominant influence
of pixel-wise operations in both its constituent methodologies.
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Fig. 2 Overview of the proposed method

3 Experimental results and discussion

The section describes the subjective and objective evaluations employed to assess the perfor-
mance of the proposed method. Four existing sand-dust image enhancement methods, Park
and Eom [4], Wang et al. [3], Shi et al. [14], and Shi et al. [12], were selected for comparison.
All the methods belong to the same paradigm as the proposed method, which is model-based.
Model-based methods are distinguished by their straightforward mathematical models with
minimal complexity, eliminating the need for pre-existing training data [29].

In contrast, learning-basedmethods necessitate extensive image datasets, leading to higher
model and time complexities [36, 37]. Additionally, they may suffer from issues such as local
over-enhancement caused by uneven illumination during image acquisition [38, 39] and a
failure to accurately represent the image depth information, particularly in edge areas [40].
Moreover, learning-based methods heavily rely on the quality and diversity of the training
dataset [23]. In some scenarios, acquiring such data is challenging or impractical.

Furthermore, the results produced by learning-based methods often lack interpretability
because learning-based models used in enhancement methods are commonly regarded as
black boxes, making it challenging to understand how they arrive at their decisions [41, 42].
This lack of interpretability can be a significant concern, particularly in critical applications
where justifications for decisions are necessary.

Given these fundamental differences between model-based and learning-based methods,
comparing them falls outside the scope of this paper. Therefore, the evaluation focused
solely on comparing the proposed method with other model-based methods to assess its
effectiveness.

The experiments were conducted on a laptopwith anAMDRyzen 3 3200UCPUoperating
at 2.60 GHzwith a physical memory of 8.00 GB. Sand-dust images from the sand-dust image
dataset [4] were utilized in both experiments. The images in the dataset were categorized
into three groups: weak, medium, and extreme sand-dust color cast.

Before the experiments, the clip limit value utilized in the CLAHE-NISCwas determined.
Figure 3 shows some resulting images from the proposedmethod using three clip limit values,
0.005, 0.01, and 0.05.

Figure 3 shows that the proposed method enhances the image visibility and contrast as
the clip limit value increases. However, noise and blocky artifacts were introduced to the
resulting images when the clip limit was 0.05. Therefore, to mitigate the issues, the clip
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Fig. 3 Enhanced sand-dust images using different clip limit values. (a) Sand-dust image, (b) Clip limit 0.005,
(c) Clip limit 0.01, (d) Clip limit 0.05

limit value in CLAHE-NISC was set to 0.01 for the experiments. Moreover, it is advisable to
consistently utilize a clip limit value of 0.01 whenever employing CLAHE-NISC to ensure
satisfactory outcomes.

3.1 Subjective evaluation

In this experiment, we conducted a comparative analysis between the proposed method and
four current sand-dust image enhancement methods, Park and Eom [4], Wang et al. [3], Shi
et al. [14], and Shi et al. [12]. The sand-dust images from the sand-dust image dataset [4]
were enhanced using all the sand-dust image enhancement methods.

Figure 4 shows the enhanced sand-dust images with a weak sand-dust color cast. It can
be observed that the enhanced images produced by Shi et al. [12] have a dim phenomenon.
Also, the color cast is not effectively removed, as seen in most enhanced images. Meanwhile,
Shi et al. [14] generated reasonably enhanced images, but the dust haze still exists from
their resulting images. Wang et al. [3] managed to remove the color cast but were unable to
correct the color effectively, which made their enhanced images look dull. Lastly, Park and
Eom [4] produced dark enhanced images that reduce the image visibility and affect the color
restoration.

The enhanced sand-dust images with a medium sand-dust color cast are presented in
Fig. 5. Similarly, Shi et al. [12] do not completely remove the sand-dust color cast, resulting
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Fig. 4 Enhanced sand-dust images with weak sand-dust color cast. (a) Sand-dust image, (b) Proposed method
(α = 0.5), (c) Park and Eom [4], (d) Wang et al. [3], (e) Shi et al. [14], (f) Shi et al. [12]

in poorly enhanced images. Moreover, their enhanced images still show a slight yellowish
color cast. Meanwhile, Park and Eom [4], and Shi et al. [14] produced dull enhanced images.
Also, the dust haze still exists in the enhanced images produced by Shi et al. [14]. Wang et
al. [3] and the proposed method managed to remove the sand-dust color cast. However, the
enhanced images from the proposed method look brighter and more appealing.

Images with an extreme sand-dust color cast have an orange to almost reddish color cast.
Figure 6 shows the enhanced sand-dust images of this category. Shi et al. [14] and Shi et
al. [12] failed to recover the sand-dust images effectively, and their enhanced images have
a light orange color cast. Meanwhile, Park and Eom [4], and Wang et al. [3] produced dull
enhanced images that reduced the image visibility.
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Fig. 5 Enhanced sand-dust images with medium sand-dust color cast. (a) Sand-dust image, (b) Proposed
method (α = 0.5), (c) Park and Eom [4], (d) Wang et al. [3], (e) Shi et al. [14], (f) Shi et al. [12]

The proposed method removed the sand-dust color cast and improved the image visibility,
such as the edges and the image contrast. Given the challenging nature of enhancing sand-
dust images with an extreme sand-dust color cast, the proposed method yields significant
results.

The results from Figs. 4 to 6 attest to the effectiveness of the proposedmethod in sand-dust
image enhancement. In particular, the ability to remove different levels of sand-dust color
cast by compensating the global and local mean values of the RGB channels of an image.
Moreover, the correction functions introduced in the CLAHE-NISC enhance the intensity
and saturation of the image while preserving the hue.
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Fig. 6 Enhanced sand-dust images with extreme sand-dust color cast. (a) Sand-dust image, (b) Proposed
method (α = 0.5), (c) Park and Eom [4], (d) Wang et al. [3], (e) Shi et al. [14], (f) Shi et al. [12]

3.2 Objective evaluation

For this experiment, the sand-dust image enhancement methods were evaluated objectively
based on image visibility and color restoration. For image visibility, the rate of new visi-
ble edges, e and quality of contrast restoration r̄ from [43] were utilized. e represents the
increased rate of visible edges after image enhancement, while r̄ denotes the quality of
contrast restoration in enhanced images.

The image visibility measurement (IVM) [44] and visual contrast measurement (VCM)
[45] were also computed to quantify the degree of the visibility of the enhanced images.
IVM uses the visible edge segmentation, while VCM uses the local standard deviation to
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Table 1 Average objective evaluation scores of the enhanced sand-dust images with weak sand-dust color cast

Evaluation Proposed
method

Park and Eom [4] Wang et al. [3] Shi et al. [14] Shi et al. [12]

Rate of new visible
edges, e

4.3023 1.5271 2.3552 0.8998 2.5803

Quality of contrast
restoration, r̄

4.4427 1.5730 2.1823 1.8154 4.1164

Image visibility
measure, (IVM)

5.3450 3.6174 4.2749 3.6983 4.7906

Visual contrast mea-
surement, (VCM)

52.7204 44.3197 46.5806 45.9288 51.9179

Rate of saturated
pixel, σ

0.00 0.06 0.03 0.00 0.02

Bold entries are to show the best results from the methods used in the experiment

measure image visibility. Thus, higher e, r̄ , IVM, andVCMvalues refer to a better and clearer
enhanced image.

Meanwhile, for color restoration, σ , which represents the rate of the saturated pixels after
the enhancement, was utilized [43]. Smaller σ value indicates better color restoration per-
formance by the enhancement method [33]. Tables 1, 2 and 3 shows the average scores for
enhanced sand-dust images with weak, medium, and extreme sand-dust color cast, respec-
tively. Meanwhile, Table 4 shows the average scores for all the enhanced sand-dust images.

It can be observed that the enhanced images produced by the proposed method achieved
the best image visibility scores than the other four enhancement methods in all the categories
of sand-dust color cast. The proposed method can reveal edges and improve the image details
after the enhancement, thus producing images with better visibility and contrast correction.

Meanwhile, for color restoration, the proposedmethod and Shi et al. [14] scored the lowest
for the σ value in all three categories. It shows that the proposed method has minimal color
distortion on the enhanced images. Thus, the proposed method produces brighter and more
appealing images than the others.

Table 2 Average objective evaluation scores of the enhanced sand-dust images with medium sand-dust color
cast

Evaluation Proposed
method

Park and Eom [4] Wang et al. [3] Shi et al. [14] Shi et al. [12]

Rate of new visible
edges, e

2.9240 1.1795 2.1665 0.8191 1.8979

Quality contrast
restoration, r̄

6.0461 1.7931 2.8491 1.9172 4.4963

Image visibility
measure, (IVM)

6.5365 3.5765 4.7168 3.5701 5.0463

Visual contrast mea-
surement, (VCM)

54.7248 44.9793 45.3842 43.5171 50.6834

Rate of saturated
pixel, σ

0.00 0.05 0.02 0.00 0.00

Bold entries are to show the best results from the methods used in the experiment
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Table 3 Average objective evaluation scores of the enhanced sand-dust images with extreme sand-dust color
cast

Evaluation Proposed
method

Park and Eom [4] Wang et al. [3] Shi et al. [14] Shi et al. [12]

Rate of new visible
edges, e

1.7303 0.4250 0.9943 0.2067 0.8166

Quality of contrast
restoration, r̄

8.4081 1.8469 3.0972 1.9095 4.1707

Image visibility
measure, (IVM)

8.5576 4.7996 6.0739 4.5594 6.2616

Visual contrast mea-
surement, (VCM)

66.6946 39.8196 51.5326 46.6756 55.6587

Rate of saturated
pixel, σ

0.00 0.01 0.02 0.00 0.00

Bold entries are to show the best results from the methods used in the experiment

4 Conclusion

This paper has presented an integrated sand-dust image enhancement method. It integrates
two main processes in two different color models. The AGW-B is utilized in the RGB color
model to remove the sand-dust color cast. Meanwhile, the CLAHE-NISC was conducted in
the HSI color model to enhance the saturation and intensity of the image. The amalgamation
of these processes yields a holistic image enhancement method to address the challenges of
color cast removal and contrast enhancement typically encountered in sand-dust imagery.

Sand-dust images with three categories of color casts, weak, medium, and extreme, were
utilized in the subjective and objective evaluations. The results reveal the superiority of the
proposed method compared to the four existing sand-dust enhancement methods in terms of
image visibility and color restoration. Also, the enhanced images from the proposed method
look brighter and more appealing than the others.

Table 4 Average objective evaluation scores of all the enhanced sand-dust images

Evaluation Proposed
method

Park and Eom [4] Wang et al. [3] Shi et al. [14] Shi et al. [12]

Rate of new visible
edges, e

2.9282 1.0251 1.8212 0.6334 1.7319

Quality of contrast
restoration, r̄

6.3749 1.7455 2.7342 1.8840 4.2707

Image visibility
measure, (IVM)

6.8720 4.0081 5.0495 3.9478 5.3863

Visual contrast mea-
surement, (VCM)

58.2274 43.0124 47.8511 45.3235 52.7596

Rate of saturated
pixel, σ

0.00 0.04 0.02 0.00 0.01

Bold entries are to show the best results from the methods used in the experiment
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In conclusion, the proposed method presents an innovative solution for improving images
affected by sanddust, introducing innovative concepts and enhancements to established
methodologies. As a result, it achieves superior image quality and perceptual fidelity.
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