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Abstract
Due to the scattering and absorption of light, the captured image under sand-dust weather
has serious color shift and poor visibility, which can affect the application of computer
vision. To solve those problems, the present study proposes a color balance and sand-dust
image enhancement algorithm in Lab space. To correct the color of the sand-dust image, a
color balance technique is put forward. At first, the color balance technique employs the
green channel to compensate the lost value of the blue channel. Then, the technique based
on statistical strategy is employed to remove the color shift. The proposed color balance
technique can effectively remove the color shift while reducing the blue artifact. The
brightness component L is decomposed by guided filtering to obtain the detail compo-
nent. In the meanwhile, to enhance the detail information of the image, the nonlinear
mapping function and gamma function are introduced to the detail component. Experi-
mental results based on qualitative and quantitative evaluation demonstrate that the
proposed method can effectively remove color shift, enhance details and contrast of the
image and produce results superior to those of other state-of-the-art methods. Addition-
ally, the proposed algorithm can satisfy real-time applications, which can also be used to
restore images of turbid underwater and haze images.

Keywords Sand-dust image . Color balance . Guided filtering . Detail component . Nonlinear
mapping function . Gamma function

1 Introduction

Under sand-dust weather, a large number of particles and molecules are suspended in the air,
which exert a serious scattering and absorption effect on light, making the captured image have
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color shift, low contrast and blurred details. Additionally, this seriously limits the use ability of
outdoor monitoring system, intelligent transportation system, remote sensing system and target
recognition system. For example, in extreme weather, people in the scene will become blurred,
resulting in the inability to effectively identify people [21]. Therefore, it is of great significance
to investigate the algorithm of sand-dust image clarity and enhance its quality with the aim to
expand the application of computer vision.

Recently, some researchers have proposed related research algorithms for sand-dust im-
ages, focusing on the problems of color shift and low contrast in sand-dust images, as
discussed in Section 2. Although the proposed algorithms can improve the visibility of
sand-dust images, some problems still exist. First, when these their color correction techniques
process heavy sand-dust images, blue artifacts will be generated. Second, their algorithm has
insufficient ability to enhance the details of long-distance scenes. Third, more importantly,
some algorithms have large time complexity and can not satisfy the requirements of real-time
processing.

Therefore, in order to solve the problems in the research process, the present study proposes
fast color balance and sand-dust image enhancement algorithm in Lab space. Firstly, the color
balance technique is proposed. According to the characteristics of sand-dust image, the green
channel is used to compensate the seriously attenuated blue channel to reduce the blue
artifacts. Then, the color shift is removed by employing the statistical method. Afterwards,
the image is converted from RGB space to Lab space, and the brightness component L is
decomposed into the detail component by guided filtering. Both the nonlinear mapping
function and gamma function are introduced to process the detail component, aiming to
enhance detail and gradient information of the image. The proposed color balance technique
can process heavy sand-dust images and handle the blue artifact problem of the existing color
correction technology. The detail enhancement method based on Lab space effectively
enhances the distant details, with low algorithm complexity and fast running time. It can be
put into real-time application scenarios and has great application value. Our main contributions
are presented as follows:

1) A color balance technique is proposed. This color balance technique can correct the color
of heavy sand-dust images and avoid the color distortion.

2) The nonlinear mapping function and gamma function are introduced to enhance the detail
information of the image.

3) The proposed algorithm can satisfy real-time applications, which can also be used to
restore images of turbid underwater and haze images.

The structure of our paper is organized as follows. Section 2 introduces literature review.
Section 3 illustrates the details of our method. Section 4 presents experimental results and
analysis. Finally, the conclusion is presented in Section 5.

2 Literature review

At present, there are relatively few related algorithms for sand-dust images, and most of them
concentrate on the research of image dehazing algorithms, such as literature [6, 13, 16, 18, 20,
29, 33]. Dehazing algorithms can be divided into three categories. One is image enhancement-
based methods, such as histogram equalization [3] and wavelet transform based on Retinex
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algorithm [25]. The use of image processing technology makes the processed image achieve a
better subjective effect. However, these restored results are often not real. Among them, one is
based on the method of image restoration, and a model for the degraded image is established
from the causes of the degraded image. The model needs the prior information to better restore
the image, such as dark channel prior [13], color attenuation prior [34], and non-local prior [5].
The recovered results are more real while the solution process is more complicated, and the
prior information is not applicable to the recovery of sand-dust images. One is deep learning-
based methods, such as [24, 30, 33]. Good results have been generated. Nevertheless, this
requires a large number of data sets. For sand-dust image research, due to the lack of a large
number of data sets, till the present, there has been no deep learning method which can be used
to enhance the sand-dust image. Compared with haze images, sand-dust images not only have
poor visibility, but also have serious color shift problems. Therefore, sand-dust image en-
hancement remains more challenging. At present, there are two main categories of the research
on sand-dust image clarity algorithm. One is based on image enhancement and the other is on
the basis of image restoration. No matter which method is used, the problem of the color shift
must be handled. Classical color correction technologies, such as gray world technology [15]
and white balance technology [27], exert poor effect on removing color shifts, and color
distortion will appear in the process of processing. Currently, there are some new color
correction techniques. Koscevic et al. [17] proposed a convolutional network with attention
mechanism to achieve color constancy. Afifi et al. [1] introduced a k-nearest neighbor
algorithm and adopted nonlinear color mapping function to correct color. These two methods
exert generated good effects on the image with color distortion while the training set is not
specifical for the sand-dust image. Therefore, the effect is not extremely ideal. The algorithm
of sand-dust image clarity is still under constant research.

Based on image enhancement-based methods Fu et al. [9] put forward a fusion-based sand-
dust image enhancement method. The proposed method first uses a statistical-based correction
method to remove the color shift, and then derives two input images with different brightness.
The final enhanced image is obtained by multiplying and fusing the input image with three
weight maps. In addition, this method enhances the contrast of the image while some details of
the image are dark, which is easy to lead to blue artifacts. Alameen et al. [2] proposed a sand-
dust image enhancement method based on fuzzy operator. This method first normalizes the
three channels, and subsequently controls the fuzzy operator to achieve color correction and
contrast enhancement. This method cannot effectively improve the visibility of the image, and
the ability of color correction is insufficient. Li et al. [19] proposed a robust Retinex model.
This method employs segmental smoothing of the illumination and adopts the fidelity term for
gradients of the reflectance to enhance the image details. This method has achieved a good
effect on low-light images while it is not ideal for sand-dust images. Gao et al. [11] proposed a
sand-dust image enhancement method on the basis of YUV space. This method uses color
components U and V to achieve color correction in YUV space, and acquires contrast
enhancement through CLAHE and improved Retinex. Nevertheless, there still exists some
distortions in removing color shift.

Based on image restoration-based methods Yang et al. [31] proposed an optical compen-
sation method to achieve color correction through the constrained Gaussian function to
optimize the transmittance with the aim to enhance the sand-dust image while the sky area
is prone to halo. Yu et al. [32] proposed a sand-dust image restoration method on the basis of
atmospheric scattering model and information constraints. The proposed method updates the
atmospheric light to estimate the transmittance under the constraints of information, and
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compensates the color shift with the gray world. However, the effect of this method is not
satisfying. Gao et al. [10] put forward a sand-dust image restoration method based on the
reversing blue channel prior. The method first reverses the blue channel of the sand-dust image
and employs the dark channel prior method to estimate the atmospheric light and transmission
map. Finally, combined with the gray world, an adaptive color adjustment factor is introduced
into the restoration model to remove the color shift. Although the method improves the
visibility of the image, it cannot handle heavy sand-dust image. Dhara et al. [8] put forward
a sand-dust image restoration via adaptive atmospheric light refinement and non-linear color
balancing. Although this method can effectively enhance the sharpness of the image, it is not
difficult to cause color distortion during the restoration process. There are similar studies on
improving atmospheric light and transmittance, such as [23, 26]. Nevertheless, the above-
mentioned methods are not ideal for heavy sand-dust images.

3 Details of our method

The block diagram of the proposed method is shown in Fig. 1, and the details are shown in 3.1
and 3.3.

3.1 Color balance

Under sand-dust weather, a large number of sand-dust particles are suspended in the air, and
most of the blue light is absorbed and scattered, causing a yellowish or even reddish image [10,
23]. As shown in Fig. 2, the histogram distribution of the sand-dust image is presented. Under
such characteristic, the light directly affects the three channels of the image, especially the blue
channel. Compared with the red channel and the green channel, the attenuation is more serious.
If the gray world algorithm or other classical color correction algorithms are used for color
correction directly, the phenomenon of blue artifacts will appear. As a result, the blue channel
should be compensated. The color correction in [4] is targeted at underwater images, and
compensates for the red channel. Inspired by the different characteristics of sand-dust images
and underwater images, we adopt the green channel to compensate for the blue channel. This
compensation method is based on the characteristics of sand-dust images and can effectively
decrease the blue artifacts. The formula is as follows:

I
0
bðxÞ ¼ IbðxÞ þ Ig � Ib

� �� 1� IbðxÞð Þ� IgðxÞ ð1Þ

Fig. 1 The block diagram of the proposed method
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where, Ib(x)and Ig(x) are the blue channel and green channel of the image respectively, Igand Ib
stand for the mean values of the blue channel and green channel respectively, and I

0
bðxÞdenotes

the blue channel after compensation. After the image compensation, there is also the phenom-
enon of color shift. Therefore, the color shift should be further removed. In the present study,
the statistical method based on [9] is used to remove color deviation, and the specific formula
is written as follows:

Oa ¼ 255 � Oc � Oc
min

Oc
max � Oc

min

ð2Þ

where

Oc
max ¼ Oc

mean þ ηOc
var ð3Þ

Oc
mix ¼ Oc

mean � ηOc
var ð4Þ

where c ∈ {R, G, B}, Oc is the compensated channel,Oc
mean represents the mean value of the

channel, Oc
var is the variance of the channel, Oc

max signifies the maximum value of the color
shift, Oc

mix indicates the minimum value of the color shift, Oa is the color correction after the
image, and η is the parameter that controls saturation and contrast. The influence of this
parameter is verified by experiments, as shown in Fig. 3. When η = 1.5, the image contrast is
large while the color is oversaturated. For example, the trees in the first column of Fig. 3b and
the sea water in the foreground in the second column are blackened. When η = 2.5, the color of
the image is normal, but the contrast is insufficient, and η = 2 is a compromise scheme, which
combines the advantages of the two. Therefore, η= 2 is selected.

The color balance technique proposed in this paper can effectively correct the color and
reduce the blue artifact. To prove its effectiveness, we compared gray world algorithm. The

(a) (b) (c)

(d) (e) (f)
Fig. 2 Sand-dust image and their corresponding color histograms. a, b and c are sand-dust images. d, e and f are
their corresponding color histograms
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optical compensation method (OCM) [31], color balance method [4], statistical-based method
[9], and the experimental results are shown in Fig. 4.

As displayed in Fig. 4, both gray world and OCM methods [31] have the phenomenon of
yellowish or blue artifacts. Although the method of [4] has no color distortion, the overall
visual effect is not as good as our proposed color balance technique. In the meanwhile, the
direct use of statistical method [9] will also lead to blue artifacts or color distortion. To a
certain extent, our color balance technique realizes color correction and enhances the contrast
of the image. Obviously, the proposed color balance technique is superior to other color
correction techniques.

3.2 Detail enhancement in lab space

After the color correction of the sand-dust image, due to the large correlation of R, G and
B channels, direct enhancement in RGB space will bring color distortion. The Lab space
contains three components including brightness component L and color components ab,
where a represents the range from magenta to green, b stands for the range from yellow
to blue, and L denotes the value [0, 100]. The model is shown in Fig. 5. The correlation
between them is small. We can adjust the brightness component to enhance details, and
keep the color component unchanged to avoid color distortion during the process of
enhancement. At the same time, the conversion between RGB and Lab space is relatively
simple, which can satisfy the needs of real-time application. To enhance detailed
information of the image more effectively, the guided filtering [14] is used to decompose
the brightness component L to obtain the detail layer and the base layer. The detail layer
represents the edge information and local gradient of the image, and the base layer

Fig. 3 The restored images of different η. a sand-dust images. bηvalue is 1.5 cηvalue is 2 dηvalue is 2.5

Fig. 4 Comparison results of color correction. a Sand-dust images. b The results of gray world. c The results of
[31]. d The results of [4]. e The results of [9]. f The results of our color balance
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signifies the overall contrast of the image. The details of the image after color correction
are blurred. Therefore, the acquired detail components need to be enhanced. At first, the
guided filtering is used to obtain the base layer, as shown in (5).

B ¼ Gr;" L; Lð Þ ð5Þ
where, G represents the guided filtering operator, r is the filter radius and εcontrols its
blurring degree with r = 20, ε= 0.25. L is the brightness component, which is used as the
input image and the guidance image. Then, the detail layer is easily obtained by (5).

D ¼ L� B ð6Þ

As presented in [7, 28], nonlinear functions are introduced. We modify the sigmoid
function to map the detail layer to enhance the details of the image. Its function is expressed
as follows:

FðxÞ ¼ a
1þ e�λ D�Dmeanð Þ þ Dmean � a

2
ð7Þ

where a denotes width parameter for the nonlinear region, which is equal to 0.5, λ is a scale
factor, which is equal to 30, and Dmean is the mean value of the detail component. Then, the
enhanced detail layer can be written as:

D
0 ¼ F xð Þ � Df g� ð8Þ

ξ represents the gamma parameter and its function is to fine-tune the enhancement amplitude.
Here, Fig. 7 shows the influence of different ξ on the restored image. Finally, the enhanced
luminance component L′ is obtained by fusing the enhanced detail layer D′ and the base layer
B.

L
0 ¼ Bþ D

0 ð9Þ

Fig. 5 Lab color space model
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Then, the RGB space is inverted to obtain the final enhanced image. Figure 6 shows the
process diagram of the proposed algorithm. As illustrated in Fig. 6, the proposed method
removes the color shift and effectively enhances the details and contrast in the distance.

Based on Fig. 7, the smaller ξ, the stronger the ability to enhance the details, but it also
brings a lot of noise, such as the sky area. The larger ξ, the smaller the noise while the ability to
enhance the details is weakened, as the image presented in Fig. 7e becomes blurred. When ξ =
1.2, the noise is effectively reduced while enhancing the details. Therefore, ξ= 1.2 is taken
here.

4 Experimental results and analysis

The pictures used in the experiment are real and nonsynthetic high-quality pictures from the
Internet, which are typical representatives of sand-dust images. In MATLAB 2016a, the host is
configured on a computer with an Intel(R) Core(TM) i5–6500 CPU@3.2 GHz, an 8-GB
memory and a 64-bit operating system to implement the algorithm of this article. At the same
time, a large number of images were selected for performing the experiments. To verify the
performance of the proposed algorithm, the present study makes the comparison with the
methods proposed by Li et al. [19], Alameen et al. [2], Yang et al. [31], Dhara et al. [8] and
Gao et al. [10]. The experimental results are shown in Figs. 8, 9, 10, 11, providing qualitative
and quantitative analysis, evaluation of algorithm performance, the application of the algo-
rithm in other fields as well as limitation of study.

4.1 Qualitative evaluation

As shown in Figs. 8, 9, 10, 11a, the original sand-dust images have color shift, blurred details
and low contrast. According to Figs. 8, 9, 10, 11b, the method of [19] does not remove the
color shift, and the contrast is not enhanced. In particular, the mountains in the distance of
Fig. 8b and the animals in Fig. 10b become more blurred and the color shift in Fig. 11b
becomes more serious. The reason is that the sand-dust image scene is complex, and the
proposed robust Retinex model is not suitable for sand-dust image enhancement. Based on
Figs. 8, 9, 10, 11c, the method of [2] only removes the color shift in Fig. 10c, and all the other

Fig. 6 The process diagram of the proposed method. a Sand-dust images. b Blue channel compensation images.
c Color correction images. d Detail enhanced images
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results have the phenomenon of color shift. Although the contrast has been improved to some
extent, the overall image quality does not remain high. As presented in Fig.10c, the distant
plants are still blurred. The reason is that the method of [2] employs fuzzy operators to achieve
contrast enhancement and color correction. The proposed method adopts fixed parameters to
control the operators, which cannot flexibly enhance each sand-dust image. As a result, its
robustness is not strong. As shown in Figs. 8, 9, 10, 11d, the method of [31] removes the color
shift very well while the overall contrast is not high, and the details are still blurred. Figures 8
and 9d are brighter. The reason is that the value of the red channel is larger, and the blue and
green channels match the red channel. Consequently, the corresponding value will be larger,
making the overall image brighter. The halo appears in the sky area of Fig. 10d, which is
mainly caused by the inaccurate estimation of the transmittance of the sky area. The blue
artifacts in the foreground of Fig. 11d are due to heavy sand-dust that does not compensate for
the blue channel, influencing the visual effect. As shown in Figs. 8, 9, 10, 11e, the method of
[8] enhances the contrast and details of the image.

Figures 8e, 9e, and 10e show the color distortion during the enhancement process.
Especially in the sky area of Fig. 9e, there is a larger halo, and Fig. 10e has insufficient ability
to remove color casts, which is a bit reddish. The reason is that the used non-linear color
correction is not suitable for some sand-dust images, resulting in unsatisfactory color correc-
tion effect. Due to the inaccurate estimation of atmospheric light, the visibility of the image is
affected. Figs. 8, 9, 10, 11f show that the method of [10] improves the overall contrast, but

Fig. 7 The restored images of different ξ. aξvalue is 0.9 bξvalue is 1.0 cξvalue is 1.1 dξvalue is 1.2 eξvalue is 1.3

Fig. 8 Comparison results of the proposed algorithm and other algorithms. a Original sand–dust image. b Li
et al. [19]. c Alameen et al. [2]. d Yang et al. [31]. e Dhara et al. [8]. f Gao et al. [10]. g The proposed method
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brings color distortions, such as the sky area in Fig. 8f and 11f. Although Fig. 10f removes the
color shift well, the ability to enhance the details in the distance is still insufficient. As
illustrated in Fig. 9f, halo appears in the air region, because a fixed threshold is adopted to
estimate the transmittance of the sky region, influencing the accuracy of the transmittance. The
color is easy to appear distortion, which is mainly due to the combination of the gray world,
making the air area or the area with large color value obtain transition adjustment. From
Figs. 8, 9, 10, 11g, compared with several other algorithms, the proposed method removes the
color shift, improves the contrast and enhances the details without causing color distortion, and
has better visibility. The contrast of Fig. 11g is enhanced and color distortion is reduced. As
presented in Fig. 8g, the mountains in the distance are clearly visible, and the restored colors
are vivid. In Fig. 9g, the white shed in the distance and the plants in Fig. 10g are effectively
enhanced, exhibiting more details. The reason is that the proposed color balance technique
achieves color correction well, and the introduced nonlinear mapping function and gamma
function can well enhance the details of the image. Figure 12 shows more enhancement results
of the proposed method. As presented in the figure, the proposed algorithm reveals a better
recovery effect. Although the proposed method is better than several other algorithms, the

Fig. 9 Comparison results of the proposed algorithm and other algorithms. a Original sand–dust image. b Li
et al. [19]. c Alameen et al. [2]. d Yang et al. [31]. e Dhara et al. [8]. f Gao et al. [10]. g The proposed method

Fig. 10 Comparison results of the proposed algorithm and other algorithms. a Original sand–dust image. b Li
et al. [19]. c Alameen et al. [2. d Yang et al. [31]. e Dhara et al. [8]. f Gao et al. [10]. g The proposed method
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imperfections in the figure can also be observed. Some noise is introduced in the process of
enhancement, and the sky area is obvious. There is also a slight color distortion in Fig. 11g,
and the color recovery effect of close-up part in Fig. 10g is not vivid enough.

4.2 Quantitative evaluation

In general, there are two broad categories of objective indicators of image restoration effects
including reference methods and nonreference methods. It is extremely difficult to obtain the
reference image of the sand-dust image in a real scene. Therefore, we employ a nonreference

Fig. 11 Comparison results of the proposed algorithm and other algorithms. a Original sand–dust image. b Li
et al. [19]. c Alameen et al. [2]. d Yang et al. [31. e Dhara et al. [8]. (f) Gao et al. [10]. gThe proposed method

Fig. 12 More sand-dust image enhancement results by the proposed method
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evaluation index to evaluate the recovered sand-dust image. Besides, two well-known quanti-
fication indexes e and r [12] are used to evaluate the restoration effect of each comparison
method in a real scene. In addition, we also adopt the NBIQA index [22] to evaluate the overall
image quality. Specifically, e evaluates the comparative ease of discriminating the edge
between the restored image and the original blurred image. r evaluates the average gradient
before and after the restoration of blurred images in order to evaluate the average visibility. The
larger the values of e and r are, the better the restored images are. NBIQA combines a large
number of features in the spatial and transform domains based on natural scene information and
comprehensively evaluates an image by predicting the image quality score. It suggests that the
higher the NBIQA score is, the higher the quality of the image will be. Three indicators are
employed to evaluate Figs. 8, 9, 10, 11, and the results are shown in Tables 1, 2, 3. To better
evaluate the effectiveness of several algorithms, we test the average values of e, r and NBIQA
indicators for 100 sand-dust images. The results are displayed in Table 4.

According to Table 1, the index e of the proposed method is higher than other comparison
algorithms, demonstrating that the method in the present study can recover more edge details
effectively. In particular, we can observe more edge details in Figs. 8g and 10g. The value in
[19] is the lowest, and the negative value appears, indicating that the algorithm loses more
edge details. Based on Table 2, the index r of the proposed algorithm is higher than that of
other comparison algorithms, providing that the method in the present study has higher
contrast. As shown in Table 3, among several algorithms, the NBIQA index of the proposed
algorithm is the highest, implying that the quality of the recovered sand-dust image is the
highest. On the basis of Figs. 8, 9, 10, 11, the recovered image has higher visibility. Table 4
further proves the superiority of the proposed algorithm.

In order to test the time complexity of each algorithm, we give the running time of each
algorithm for different sizes to better evaluate the performance of the algorithm. As shown in
Fig. 13, it can be found that when the size of the image increases, the increase in the running
time of the method in [19] is the largest, and the running time is the longest for the same size

Table 1 Sand-dust images of Figs. 5,6,7,8 enhancement evaluation based on the e Metric. A larger metric is
better

[19] [2] [31] [8] [10] Our method

Figure 5 −0.34 0.54 −0.33 1.80 0.94 2.13
Figure 6 −0.65 0.59 −0.34 2.50 1.62 3.17
Figure 7 −0.84 10.99 10.50 20.33 9.54 23.3
Fig. 8 −0.16 0.18 0.19 0.20 0.26 0.27
Average −0.49 3.07 2.50 6.20 3.09 7.21

Table 2 Sand-dust images of Figs. 5,6,7,8 enhancement evaluation based on the r metric. A larger metric is better

[19] [2] [31] [8] [10] Our method

Figure 5 0.92 1.41 1.15 2.45 1.67 3.17
Figure 6 0.82 2.08 1.67 3.28 1.55 3.86
Figure 7 0.95 5.13 4.42 3.77 2.55 6.13
Fig. 8 1.35 1.50 1.81 2.12 1.03 2.29
Average 1.01 2.53 2.26 2.90 1.70 3.86
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image. Compared with other comparison algorithms, the running time of the proposed
algorithm is the shortest for the same size image. With the increase of image size, the increase
of time is the shortest. Because the proposed algorithm is based on pixel processing, the
processing process remains relatively simple. Therefore, the proposed algorithm has the lowest
complexity and fast running speed, which can satisfy the real-time applications.

4.3 Applications of our algorithm

4.3.1 Application1 underwater image restoration

From Fig. 14, the algorithm in this paper can effectively remove underwater color shifts and
enhance the details of underwater images. It exerts good application effect on underwater images.

4.3.2 Application2 haze image restoration

As shown in Fig. 15, the recovered images have clear details and high contrast. In addition, the
proposed method also achieves certain results for haze images.

4.4 Limitation of study

Although the proposed algorithm can process a variety of degraded images and is effective for
most sand-dust images, it will fail when encountering some heavy images, which can be found
in Fig. 16. It can be shown from Fig. 16b that the enhanced results have a large halo and noise,
and some of them have color distortions. This invalid case is due to the image itself, because
there are many kinds of sand-dust images with different degrees of severity, and the image
itself contains a lot of noise when being acquired, which is difficult to eradicate. Additionally,
the denoising ability of the algorithm itself is insufficient. In some sand-dust images, the
proposed color balance method can not effectively compensate the attenuated blue channel,
contributing to the problem of color distortion.

Table 3 Sand-dust images of Figs.5,6,7,8 enhancement evaluation based on the BNIQAmetric. A larger metric is
better

[19] [2] [31] [8] [10] Our method

Figure 5 38.87 70.04 44.48 61.26 69.60 73.74
Figure 6 43.61 57.52 57.54 70.63 51.39 75.12
Figure 7 41.92 64.01 61.36 52.40 56.51 70.66
Fig. 8 67.69 68.23 70.56 71.67 60.98 72.83
Average 48.02 64.95 58.48 63.99 59.62 73.08

Table 4 Comparison of average enhancement acquired by the e, r, NBIQA metric for 100 sand-dust images

[19] [2] [31] [8] [10] Our method

e −0.3046 1.2525 1.4306 2.2991 1.7535 2.5662
r 1.156 1.7252 2.0229 2.2878 1.6208 2.7191
NBIQA 59.15 65.73 66.69 66.54 66.39 70.47
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5 Conclusion

In this paper, we propose a method of color balance and sand-dust image enhancement in Lab
space. To correct the color of the sand-dust image, a color balance technique is put forward. At
first, the blue channel is compensated for lower blue artifacts. Then, the color shift is removed
by employing a statistical-based method. Subsequently, the image is converted to Lab space
and the brightness component is decomposed by guided filtering to obtain the detail compo-
nent. The nonlinear mapping function and the gamma function are introduced to process the
detail component. Finally, the enhanced brightness component is converted to the RGB space.
This method can remove the color shift and restore vivid colors, clear details and high contrast.
Experimental results demonstrate that the proposed algorithm is superior to several other
comparative algorithms in both qualitative and quantitative analysis. The algorithm in this

Fig. 13 The running time of each method as the size of the image increases

Fig. 14 Results of underwater image restoration.aOriginal underwater images.bResults of our method restoration
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paper is low in complexity and can meet real-time application processing, which is of great
significance for expanding the application of computer vision. In addition, the proposed
algorithm is also suitable for underwater image and haze image restoration. Our work brings
slight noise while enhancing the details, and the denoising ability is insufficient. The proposed
method can be improved by adding some special denoising methods to integrate it into the
model, so that the improved method can maintain the details while significantly reducing the
noise. In the future studies, we will collect and expand the sand-dust data set and apply the
algorithm to the sand-dust video. A robust algorithm is developed to adapt to the image of
various scenes, such as the sand-dust image at night, which can not only improve the details,
but also have strong denoising ability. Currently, no deep learning method has been proposed
to explore sand-dust images. The next step is to explore the method of synthesizing sand-dust
data sets. Moreover, it is expected to obtain better performance to investigate sand-dust images
with deep learning method.

Fig. 15 Results of haze image restoration.aOriginal haze images.bResults of our method restoration

Fig. 16 Failure cases of the proposed algorithm.aSand-dust images.bEnhancement results of the proposed method
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