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Abstract — In this article, we suggest a straightforward but efficient technique for removing haze from a single input
image. This approach is both light and previously on a dark channel. A new haze removal method is put forth by Dr.
He in [7] and is based on dark channel prior (DCP). It is gaining popularity due to its dark channel statistics of
outdoor haze-free photos. However, there are two issues with the plan put forward: the high cost of computing the
transmission map using soft mapping and the overexposure of ambient light when a bright location is visible in
photos. This study suggests a brand-new dehazing method with a dark channel and a light channel, with the light
channel serving as a sort of statistics for photographs taken outdoors in haze. Additionally, the guided filter is utilized
in this research to enhance both the light and dark channels. The suggested dehazing algorithm's (PDA) goal is to
reduce or eliminate these issues in [7]. Several examples are provided in this work to demonstrate the PDA and
contrast it with the DCP system. The findings indicate that the PDA is about 25 times faster than the DCP due to the
average avoidance of soft matting and the superior visual quality of the PDA without overexposure issues. With these
upgrades, the suggested technique can be used for remote sensing, intelligent transportation systems, and video
monitoring.
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I. INTRODUCTION

Bad weather, such as fog and haze, can drastically affect images of outdoor situations [7]. As a result of the countless air
particulates that scatter and absorb atmospheric aerosols, this has happened. Image dehazing is a useful technique for
boosting contrast, enhancing the visual impact, and removing the negative effects of adverse weather on the image quality.
For dehazing or removing haze from a single image, numerous approaches based on the atmospheric scattering model (ASM)
have recently been reported. It is difficult to accurately and effectively estimate the ASM parameters, such as the atmospheric
light and transmission map.

To lessen or eliminate the undesirable effect from captured photographs and restore the true textures and colours of natural
scenes, use image haze removal software. Single scale retinex (SSR) and multi-scale retinex (MSR) algorithms based on
human perception and Gaussian Blur were proposed by Rahman [11, 14], This approach was dropped for image hazy
removal because it uses a lot of floating-point calculations and leaves the hazy image looking quite noisy after dehazing,
Narasimhan [12] proposed a dehazing technique that is computationally efficient and incorporates the unknown depth
information. Multiple images or other information are required to estimate the unknown depth information. The single image
algorithms have been researched to address the flaw [2, 7, 16]. Stronger priors or assumptions have advanced significantly.
[2] Fattal calculated the scene's albedo and deduced the medium transmission. However, this method struggles with photos
that are heavily hazy and may fail, demonstrating that the assumption is incorrect. According to Tan's observation, a haze-
free image must have more contrast than the hazy input image. Tan then removes haze by maximising the local contrast of
the restored image. Tan's algorithm unfortunately frequently overstretches contrast and creates halo effects. Dr. He [7] and
his team presented a well-liked method for removing single picture haze that is based on DCP. However, when a bright area
is visible in photographs utilising the DCP-based approach, ambient light is overexposed and the cost of computing the
transmission map using soft mapping is considerable. Numerous DCP-based algorithms have been developed in recent years,
including the system. In research, a guided filter is put forth that has the appealing quality of edge preserving smoothing,
can be computed quickly, and has an algorithm with non-approximate linear time. Due to its ability to transmit the guiding
image's structural information to the filtering output, new filtering applications including dehazing and guided feathering, it
is introduced by many dehazing algorithms.

This research proposes a brand-new haze reduction technique based on Dr. He's DCP scheme. We suggest a novel
light channel prior for removing haze from a single image that is similar to DCP. The light channel prior is based on data
from hazy photographs taken outside. We discover that some pixels, referred to as light pixels, frequently exhibit extremely
high intensities in at least one colour (R, G, B) channel in the majority of the local regions. In his paper, Dr. He identifies
some pixels (referred to as dark pixels) that are often very dim in at least one colour (R, G, B) channel in the majority of the
local regions that do not cover the sky. The atmospheric light image (also known as global atmospheric light) is estimated
by Dr. He, not the atmospheric light in each individual pixel. We believe that air light in hazy photos is mostly responsible
for the intensity of these light pixels in that channel. As a result, using these light pixels, we can estimate the atmospheric
light image properly. We can estimate the haze transmission by Dr. He's dark pixels and our atmospheric light image by
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combining Dr. He's DCP technique. After that, by fusing Dr. He's guided filter method with the haze imaging model, we can
recover a high-quality haze-free image.

II. DCP SCHEME AND GUIDED IMAGE FILTERING

Currently, the equation (1)'s model:

I(x) =J(x) t(x) + A (1- t(x)), (1)

Is frequently employed to explain how a fuzzy image form. (1), where /(x) is the image with haze, J(x) is the image without
haze, t(x) is the transmission map, and A is the ambient light i.e., the atmospheric light.

Dehazing objective is to restore J(x), yet the only known condition is 7 (x). As a result, it is first necessary to estimate #(x)
and 4. As a result, haze removal is more difficult. In (1), the second term A4 (I- ¢(x)) is known as air light [6, 15], while the
first term J(x)¢(x) is known as direct attenuation [6, 15]. The term "atmospheric light" refers to light that has been scattered
or diffused in the air by fog, haze, or other atmospheric phenomena. The direct attenuation characterises the scene brilliance
and its degradation in the medium.

A. DCP Scheme

A noval dehazing algorithm based on the dark channel prior is suggested by Dr. He in [6]. The DCP is predicated on the
idea that most non-sky regions in an outdoor haze free image contain some pixels with very low brightness in at least one
colour channel. The dark channel J%*(x) for every given image J is determined by,

Jak () = min ( min ]C(x)) 2

x€Q(x) \c€(R,G,B)

Where Q(x) is a local patch centred at x and J° is a colour channel of J. When J is an outdoor, haze-free image, the intensity
of the dark channel is often low and tends to be nil, except for the bright region:

Jaark(x) > 0 (3)

Combining Equation (3) and Equation (1), Dr.He derived the transmission t~ simply by the following Equation:

1 _ . . I1(x)
) =1~ min (_min =2) @

To compute the transmission t~, a constant parameter ©(0<w<1) is introduced since if the haze is completely removed, the
image would appear strange:

1 _ . . I%(%)
t~(x) =1—w *min (xg}zl(r}c) YG ) (5

Dr. He provided a straightforward way to calculate the global atmospheric light 4 based on DCP: 1) Select the top 0.1 percent
of the dark channel's brightest pixels. 2) The input image I's pixel with the highest intensity out of all of these is chosen as
the atmosphere light. Recover the illumination of the scene using Equation (6):

I(x)—-A
max(t(x),ty)

Jx)=A+ (6)

Where #0 is a user-defined lower bound of #(x), and a typical value is 0.1.

The DCP scheme's process is depicted in Fig. 1. In general, the DCP technique can produce satisfactory dehazing
results. However, there are two issues with the plan: atmospheric light overexposes when a bright location is visible in
photos, and computing the transmission map using soft mapping is expensive.

B. Guided Image Filtering

Dr. He suggests a brand-new explicit picture filter with broad applications in computer vision and graphics. This filter is
termed the guided filter.
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Fig. 1: Flow Chart of Dark Channel Prior

To estimate the filter output q using the guided image I and the filter input p is a straightforward concept. Naturally, it can
be applied to improve the transmission t. A local linear relationship between the guidance 7 and the filter output g is the
guided filter's main presumption. In a window centred on pixel wy, q is a linear transform of /

q; = ag *1k+kal€(1)k (7)

If (ax, by are some linear coefficients in a window of length £ that are thought to be constant. Setting some constraint
conditions from the assumptions that will be made about the linear coefficients (ax, bi) can help. p input is filtered. As well
as minimising the difference between q and p while retaining the linear model in Equation (7), the output q should take
certain undesirable components n, such as noise or textures, from the input p. Consequently, in the window k, we should
minimise the costs associated with:

E(ay, bx) = Yiew, ((ax *I; + by — p)? + €aiy) 3

Where ¢ is a regularization parameter penalizing large a;. The Equation (8) is the linear regression model mentioned. And
its solution is shown in Equation (9), (10):

1 -
M Zicwy li*Di—Ui*Pk
ak =

)

oi+e
by = P — ay * 1k (10)
Where i and are the mean and variance of [ in wk, M is the number of pixels in wy, pk is the mean of p in k.

- 1
Pk = 37 Liewy, Pi (11)

After computing (ax, bx) for all windows o in the input image I, we can get the filter output image q:

We can rewrite equation (11) by:

1
qi = 3 Zkliewy, (@ * Ik + by) (12)
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Fig. 2. Haze removal. (a) Input hazy images. (b) Estimated transmission maps before guided filtering. (c) Refined
transmission maps after guided filtering. (d), (e) Recovered images using (b) and (c), respectively.

Dr. He uses up sampling and subsampling to enhance guided picture filtering. Both theory and practice demonstrate that a
fast guided filter will significantly speed up processing without sacrificing filter quality. Using Equation, Fig.2b displays the
expected transmission maps (12). The comparable restored images are displayed in Fig.2d.

Using Fig. 2b as the constraint; Fig. 2¢ displays the refined results. The recovered images that match to Fig. 2¢ are shown in
Fig. 2e. We can observe that the block and halo effects have been somewhat muted. The transmission map successfully
captures the object's shape and any fine, abrupt sharp edges.

III. PROPOSED APPROACH

Nearly all hazy removal algorithms consider atmospheric light A to be the global atmospheric light, meaning that the
atmospheric light in each pixel is the same. However, as demonstrated in Fig.3, we cannot infer from the image that the
ambient light in a light pixel is same to that in a dark pixel:

Fig. 3. The contrast of the atmospheric light at different pixel

The atmospheric light in Fig. 3 is obviously not comparable to the atmospheric light. Consequently, the atmosphere light
should be recorded as an atmospheric light image (x). And the following should replace Equation (1):

I(x) = J(x) t(x) + A (1- t(x)) (14)

We suggest a novel prior-light channel prior for removing haze from a single image that is like DCP. The light channel prior
is based on data from hazy photographs taken outside. The light channel prior is predicated on the notion that at least some
of the pixels in the foggiest image patches have very bright intensities in at least one of the colour channels. A random image
I's light channel, L (), is displayed:

Jlight = Ic 1
= g ( 2y, ) as
Where I is a color channel of I and Q (x) is a local patch centered at x. In the case of light channel prior

jllght x) - Ahght (x) (16)
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It indicates that given a clear image, the brightness of the light channel at pixel x tends to be equal to the brightness of the
ambient light. Equation (17) is produced by combining Equation (14), Equation (15), and Equation (16):

— [
A@) = xrgf%g) 667(,}?%68)1 (x)) (17
Equation (17) means that the atmospheric light of a hazy image can be estimated by its light channel image. Because there
is J(x) < A(x) in haze image, we need to correct the A~ (x) calculated by Equation (18).

A(x) = a&(x) + BA, (18)
Where Ay is determined by Dr. He, and are adjustment coefficients, and + 1.0 is a restriction. Fig.5 displays multiple photos
of hazy outdoor scenes along with the corresponding light channels. The dark channels of these photos are computed using
a patch size of 15 * 15 and enlarged so that the width is 600 pixels. According to equation (17), the light channel picture of
a hazy image can be used to estimate the ambient light. We must fix the A (x) obtained by Equation because there is J(x)
A(x) in the haze image (18).
The transmission map t(x) can be recalled as follows if the ambient light refined by guided filtering is written for A (x) and

the dark channel refined by guided filtering is written for [4rk Guided:
dark_Guided )

tx) =1—w=* ) (19)
[ Input Hazy Image I(x) ]
[
Calculate Dark Channel Calculate Light Channel
v v
Guided Filtering Refined Guided Filtering Calculate
dark channel Atmospheric light
v
Calculate
transmission map
|
v
[ Recover Scene radiance ]
Fig4. Flow Chart of Proposed scheme
And the image will be recovered after dehazing by:
I1(x)—A(x)
J(x) = A(X) + ————— (20)

max(t(x),ty)

As illustrated in Figure 5, the light channel picture of the hazy image generated using Equation (17) is more confusing and
contains the same block effect as the original dark channel image. By using guided filtering to optimize the dark channel
image, we can do the same for the brilliant channel.

The proposed algorithm's flow chart is shown in Fig. 4. Due to the independence of the light channel and dark channel, our
method processes both simultaneously before generating the transmission map. Additionally, by doing it this manner, we
considerably save some time. The results of Fig.5 are further refined in Fig.6. As we can see, the halo and block effects are
reduced, and each pixel has a unique atmospheric light.

IV EXPERIMENT RESULT

In our studies, van Herk's fast approach, whose complexity is linear to the image size, is used to compute the minimal filter
and the maximum filter. For quick guided filtering that will save additional time, we employ subsampling and up sampling.
Figure 7 displays the transmission map, the atmospheric light image, the hazy image, the results of our approach, Dr. He's
result, and Rahman's MSR algorithm. Although Dr. He's result is superior to Rahman's, it is obvious that our approach has
a good effect on the hazy removal and does not need to take the effect of the brighter region into consideration. Using Dr.
He's method as a comparison, we can see that our dehazing result is superior to his in the visual sensor. The ambient light is
primarily responsible for this since it is an image made up of several values rather than a single value.
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Fig.5.The Light channel of hazy image. From up to down is: (a) Outdoor hazy images. (b) The light channel

Y AT

Fig.6. The atmospheric light image

Fig. 7. From left to right is:(a) the hazy image, (b) the atmospheric light image, (c) the transmission map, (d) the result of
our algorithm, (e) the result of Dr. He’s scheme. (f) the result of Rahman’s MSR algorithm
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V  CONCLUSION

In this study, we propose the light channel prior based on dark channel prior, a novel and potent prior for single image haze
removal. The light channel prior is based on data from hazy photographs taken outside. We propose a novel idea: the
atmospheric light is an image of the atmospheric light. Single image haze removal becomes easier and more efficient when
the light channel prior, our novel atmospheric light image, and Dr. He's dark channel prior are combined with the haze
imaging model. Because bright channel and dark channel are both forms of fuzzy estimate, guided filtering is used to
accurately tune both. According to experimental findings, the suggested method can remove haze effectively and restore
images accurately. The proposed approach can be improved and used for remote sensing, intelligent traffic systems, and
video surveillance.
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