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Abstract: The dark channel priori dehaze algorithm based on minimum filtering is known to consume a significant amount of
computational and storage resources for transmittance optimization, resulting in issues such as halo phenomena in gray and white
areas of the image. In contrast to this, the proposed algorithm in this paper offers a novel approach to dark channel image
dehazing. By leveraging dark channel a priori knowledge, the algorithm introduces an adaptive adjustment factor to enhance the
realism of restored image details. Furthermore, the algorithm employs guided filtering for transmittance map refinement instead
of traditional image keying. Subsequently, the haze-free image is reconstructed using the estimated atmospheric light and refined
transmittance maps based on the atmospheric scattering model. Post image restoration, brightness and contrast are enhanced,
and image optimization is achieved through adaptive contrast histogram equalization to improve visual quality. The experimental
findings reveal that the proposed algorithm not only accelerates the efficiency of image dehazing but also sustains color fidelity
in gray and white regions, yielding aesthetically pleasing outcomes.
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1. Background

As society progresses, environmental pollution is on the
rise, leading to more frequent instances of haze in cities. This
haze poses risks to public health and presents challenges for
computer vision systems that heavily rely on image data.
Images captured during hazy conditions typically exhibit
characteristics such as low contrast, reduced saturation, as
well as color distortion and offset issues. Therefore, the
primary goal of this research project is to develop a
straightforward yet efficient image dehazing technique to
enhance the clarity and quality of hazy images.

2. Principle Analysis of the Dark
Channel

2.1. Prior Theory

This paper implements a dark channel dehazing algorithm
based on guided filtering, and the theoretical basis is Dr.
Kaiming. He's dark channel dehazing algorithm [1] (CVPR):

Single Image Haze Removal Using Dark Channel Prior,
his paper counts the features of more than 5,000 images and
proves the universality of the dark channel prior theory.

2.2. Dark Channel a Priori

Within most images in the local region, some pixels
consistently have at least one-color channel with a very low
value, leading to a minimum light intensity value that is very
small [2]. The dark channel for any input image J is defined
mathematically by the following equation:
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In this equation J¢ indicates each channel of the color
image, and £2(x) indicates a window centered on pixel X.It’s
very simple to achieve this expression. Initially, we calculate
the minimum value for each channel of the image, followed
by applying a minimum filtering process to obtain a grayscale
image.[3].

Fig 1. (a) the original images; (b)the images after minimum
filtering

The window size used in this experiment takes the value of
16, when performing the minimum value filtering, due to the
algorithm's own problems, there will be a black edge of the
pane size, so it is necessary to expand the image first. The size
of the expansion is the size of the window pane, and the
expanded value is obtained by copying the outermost value of
the pixel matrix, and then the image after the minimax filter
is obtained, as shown in Fig .1.

The original images waiting to be dehazed, and removed
the minimum value of their RGB, the right images are images
after minimum filtering [4]. The gray square in the right figure
is the pane mentioned previously, the pane generally take the



value of 16-30, in which range, the results of image minimum

filtering is the best. Every color image will have such a dark

channel, and the dark channel a priori algorithm states that:
]Dark -0 (2)

There are three main reasons for low dark channel values:

1. shadows, such as those inside vehicles, buildings, and
windows in cityscape images, or on foliage, trees, and rocks
in landscape images;

2. colorful objects or surfaces, such as objects with low
reflectivity in any of the color channels (green
grass/trees/plants, red or yellow flowers/leaves, and blue
water) will result in low values in the dark channel.

3. dark objects or surfaces such as dark tree trunks and
rocks. Since outdoor nature images are usually colorful and
hazy, the dark channel of these images is dark;

2.3. Hazy Image Imaging Model

A model widely used in computer vision and computer
graphics to describe haze image formation is shown below:
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In the equation I(x) is the original image, J(x) is the
image processed without haze, A is the global atmospheric
light component, and t(x) is the transmittance. Now the
known condition is I(x) , and it is obvious that J(x) cannot
be derived directly to get the haze-less image due to the
presence of unknowns. There is a need to get some images
like the dark channel prior, so the formula is deformed
below:c denotes three channels
E9 = () L2 41— e 4)
First assuming that the transmittance t(x) is constant
within each window, defining it as £(x), and the value of A
has been given, and then solving the minimization operation
twice on both sides to obtain the following equation:
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According to the previous priori theory of dark channels,
there is the following equation:

JPark(X) = min ( min }/C(y)> =0 (6)
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then the estimate of the transmittance is:
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In real life, there will be some particles in the air, causing
us to feel the effect of haze when looking at distant objects[5].
If remove it cleanly, it will make the image look abnormal and
lack of realism, it is necessary to save a part of the haze when
removing the haze. This design uses a factor of [0, 1] to
correct the transmittance T(x) , the correction is:
~ . . I1°(y)
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In this experiment, the value of w is 0.95, which is
theoretically the most consistent with the human visual effect.
Fig. 2. shows the original image and the transmittance
image, where the left image is the original image and the right
image is the valuation image of the transmittance.

(a) (b)
Fig 2. (a) the original images;

(b)the images of the valuation of the transmittance.

It can be found that this algorithm estimates the
transmittance of the picture is obvious to see a gray square,
the original image can be roughly reflected in the edge
information.

2.4. The Algorithm of Dark Channel Image
Dehazing Algorithm Based on Minimum
Filtering

In this algorithm, the valuation of the brightest point in the
original hazy image as the global atmospheric light
component is represented by A, ensuring a minimum
valuation of 240 to prevent the original image from being
excessively dark. To achieve a good dehazed high contrast
map, the transmittance valuation of the image must be
normalized. This normalization process allows for the
enhancement of image contrast, even in situations where the
original image exhibits low contrast characteristics.[6]. When
the value of transmittance t is very small, it will result in a
large value of J, which will cause the entire preserved image
to overshoot towards the white field. Therefore, a threshold t,
can be set in general, so that make t = t, when the value of
t is less than t;, and all the calculations of the effect image
in this paper are based on t; =0.1 as the standard. Therefore,

the final dehazing formula is:
I(x)-A
](x) - max (t(x),tg) +4 (9)

The effect of the dehazed image obtained according to the
above process is shown in Fig. 3.

In this study, it was observed that the size of the filter pane
directly correlates with the likelihood of containing a dark
channel in the images. Furthermore, a darker dark channel is
associated with larger filter panes. The parameter w has
shown to significantly impact the effectiveness of haze
removal, with smaller values of w resulting in weaker haze
removal effects. Subsequently, the focus is now on achieving
a more precise transmittance estimation map. To accomplish
this, the proposed method in this research involves utilizing



guided image filtering to enhance the original map and obtain
the transmittance image. Notably, guided image filtering
preserves the edges of the transmittance image, thereby
enhancing its clarity and ultimately facilitating the generation
of high-quality dehazed images.[7][8].

(@) (b)
Fig 3. (a) the original images; (b)the images after dehazing.

3. Principle Analysis of the Guided
Image

3.1. Filtering
3.2. The Guided Image Filtering Theory

For an input image P, which has a guided image I, the
output image q is obtained after filtering, where both P and
I are inputs to the algorithm. The guided filtering defines a
linear filtering process as shown below, where the filtered
output obtained for a pixel point at position i is a weighted
average:

q; = X; Wi;(DPj (10)

i and j denote pixel subscripts, respectively, related only
to the guided image /. This filter is linear with respect to P.
An important assumption of guided filtering is that there is a
local linear relationship between the output image g and the
guided image I over the filter window wy,:

q; = akli + bk! Vi € Wy (11)

For a deterministic window with radius r, wy,(ay, by) is
the only deterministic constant coefficient. This ensures that
in a local region, if the guided image I has an edge, the output
image q also remains edge invariant because for adjacent
pixel points, there exists Vg = aVI, and thus as soon as the
coefficients a, b are solved for obtaining the output q. The
non-edge regions in the input image are also considered that
are not smooth as noise n, which satisfies q; = p; — n;.The
final goal is to minimize this noise. For each filtering window,
the optimization of the algorithm in the least squares sense
can be expressed as:

arg min Yie,, (q; — p;)* (12)

arg min ¥ie, (axl; + b — p;)? (13)
Finally, a regularization parameter € is employed to make
ax avoid being too large, and the loss function within the
filtering window can be obtained:
E(ay, bi) = Yiew, ((al; + b —p)* +ea,®)  (14)
Solve the optimization process, taking partial derivatives of
the function:
1
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equation can then be obtained: B
by = Pk — ayly (16)
Organizing the previous formulas yields the following
formula:
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after simplifying the expression,
Yicwg(arli? + P — axl)l; — pil; + €a) = 0
Yicog(@eli® + Del; — arlil; — pil; + €a,) = 0
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For further simplicity, the Py, Ix are substituted into the
above equation after dividing |w| by both sides.
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The left hand side of the formula are all the mean values in
the domain wj associated with the image I, which are
obtained according to the formula for the derivation of the
variance and expectation:
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Next just apply the above linear model to the entire filter
window of the image. But as can be seen, each pixel point will
be contained in multiple windows. For example, if a 3x3
window is used for filtering, then every point except the edge
region will be contained in 9 windows. Therefore, for
different windows, we will get |w| values of ;. Just average
all the values to get the final result:

1
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mapping from I to q for each pixel point.

3.3. The Algorithm of Dark Channel Image
Dehazing Algorithm based on Guided
Filtering

In this paper's algorithm, the guided image is the grayscale
image to be dehazed. The pane size of the guided filter is four
times that of the pane size of the minimum filter. The quoted
regularization factor is set at 107®. As a result of the
algorithm, the transmittance image of the dehazed image is
more refined, as illustrated in Fig. 4.

After applying guided filtering to the original image, it
becomes apparent that the transmittance image preserves a
wealth of edge information while efficiently reducing white
edges. This enhancement in image quality surpasses the
performance achieved by applying minimum filtering alone.



Subsequently, by incorporating this transmittance image into
Formula (9), the resulting output can be visualized in Fig. 5.

(a)
Fig 4. (a)Transmittance image obtained by guided filtering;
(b)transmittance image obtained by minimum filtering.

(a) (b)
Fig 5. (a) the original images;

(b)the images after dehazing.

3.4. Analysis and Optimization of Results

This paper performs brightness enhancement and contrast
enhancement processing of images in addition to
implementing a dehazing algorithm for improved dehazing
effects. The decision to use these enhancements can be based
on the specific requirements of the scene being analyzed.
Brightness enhancement involves direct adjustment of the
RGB values of the image, while contrast enhancement is

accomplished through Adaptive Histogram Equalization
(AHE).[9]. By processing the picture in those way, the details
of the picture can be enlarged, which provides a convenient
way for subsequent picture processing.

The graphical effects are analyzed by calculating the peak
signal-to-noise ratio PSNR, structural similarity SSIM[10],
and the image mean e.

Peak Signal to Noise Ratio (PSNR) is the most widely used
objective evaluation criterion for images, and its value
depends on the error between the original haze map and the
corresponding pixels of the recovered image. In other words,
PSNRis sensitive to the error, and a larger value indicates less

image distortion.PSNR is defined as follows:

n_13\2
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n is the number of bits per pixel, a typical grayscale image
n is taken to be 8 and the gray scale order is 256. MSE is
defined as follows:

MSE = —— S SV (1) —JG)?  (23)

h is the height of the image, w is the width of the image,
(i,j) are the pixel coordinates, I(i, j)is the initial hazy image
and J(i,j) is the recovered haze-free image. MSE denotes
the mean square error between the original hazy image and
the recovered haze-free image, and the smaller the value is,
the clearer the recovered haze-free image is.

SSIM is based on a perceptual model that evaluates image
similarity in terms of 3 dimensions: luminance, contrast, and
structure. SS/Mis defined as:

_ 2pxpytcy
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Generally make c; = C2/ 2

Hy is the mean of x, u, is the mean of y, 0,2 is the
variance of x, ayzis the variance of y, and 0,0, is the
covariance of x and y,c; = (k;L)?,¢c, = (k,L)?,L is the
range of pixel values, and the default valuek; = 0.01, k, =
0.03, then there is:

SSIM(x,y) = [l(x, )+ cCu ) - sCuy)]  (25)
Set a, B,y to 1, then:

SSIM(x,y) =

(2uxpy+cy)(20xy+c2)
(ux?+py?+cy)(ox?+0y2+c3) (26)

SSIM is a value in the range of [0,1], the larger the value,
the smaller the distortion.

The larger the image mean e value, the brighter the overall
brightness, the clearer the image, and the better the quality of
dehazing. The mean value is defined as follows:

e =Xl X (x,y) @7

According to the above formula for the image changes in
the calculation of the relevant parameters, the comparison is
shown in Fig. 6 and the specific values of each parameter of
the test image are obtained as shown in Table 1.

Based on the comparison of the data, it is evident that the
guided filtering process outperforms the minimum filtering
process in terms of various indexes. Specifically,
the PSNR and SSIM values have shown improvement,
indicating enhanced image clarity and reduced distortion.
This enhancement is visually manifested as a significantly
superior dehazing effect in the images processed through
guided filtering. Furthermore, the mean value represented by
e serves as an indicator of image brightness, with the guided



filtering process yielding a smaller e value compared to the
minimum filtering process. Moreover, the image brightness
resulting from the bootstrap filtering process is lower than
that of the minimum value filtering, resulting in an overall
darker image appearance.

©

Fig 6. (a) the original images;

(b) (d)

(b) images processed by guided filtering;
(c) images processed by minimum filtering;
(d) images after brightness enhancement;
(e) image enhanced by AHE.

Table 1. Comparison of parameters after image processing

Image group | Parameters | Minimum Guided Enhance AHE
(initial value €) filtering filtering | brightness

| PSNR 14.1237 14.3039 (?) 19.3885 12.5835

(e =84.6838) SSIM 0.7377 0.8470 (?) 0.8289 05332
e 112.1602 | 77.5474 (?) 83.3093 76.7214
Il PSNR 22.618 | 24.5182(7) 15.8088 18.5048
(e=80.0819) SSIM 0.9584 0.9877 (1) 0.9154 0.7548
e 107.3491 | 76.7520(?) 83.3560 79.1860
111 PSNR 18.4644 18.6700 (?) 17.1114 15.9023
(e=84.5104) SSIM 0.8753 0.9410(?) | 17.1114 | 06778
e 108.3942 [ 78.8883 (?) 0.8888 77.0654
v PSNR 16.7142 | 17.7501 (7) 17.4770 13.7039
(e=71.1584) SSIM 0.8635 0.9612 (?) 0.9165 07615
e 91.1884 | 67.6029(?) 75.0433 74.1120
Vv PSNR 11.5268 11.7353 (7) 14.7296 14.0581
(e= 84.9854) SSIM 0.6243 0.7921 (7) 0.8457 06307
e 64.7674 | 60.1901 (?) 76.6970 724774

To address this, brightness enhancement and histogram
equalization are applied following the guided filtering
operation. Subsequent examination reveals that all
performance indicators post-enhancement surpasses those
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attained through the minimum filtering process. Therefore, it
is apparent that leveraging guided filtering within the dark
channel dehazing framework effectively reduces haze
presence in images and significantly enhances their quality.
This approach demonstrates promising practical implications.

4. Conclusion

Overall, the Guided Filtering based image dehazing
algorithm is effective in removing haze from images, except
for bright areas such as the sky, where the dark channel a
priori algorithm may falter. This can result in inaccurate
estimations of atmospheric light and transmittance in these
regions, leading to color distortions, offsets, or incomplete
dehazing, resulting in an overall dark appearance. To address
this limitation, a new model is necessary to recalibrate the
transmittance values specifically for bright areas. Despite the
potential darkness of the processed image, enhancements
such as increasing brightness, contrast adjustments, and
histogram equalization can alleviate this issue. Guided
Filtering operates on the principle of box filtering, enabling
swift processing with a relatively short runtime of
approximately four to five seconds on high-speed
computational platforms.
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