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Abstract. There are several error estimates to atmospheric light in the algorithm of image defog
based on dark channel prior which the operation efficiency is low. In this paper we propose an
improved method to solve these problems. Comparing with the original defogging image, the
computing time of our algorithm was shortened by the experimental results. When the sea fog is
dense, we adopt image fusion algorithm based on weighted average. This algorithm can improve the
color distortion of the restored image, and accurately restore the real scene of the image.

Introduction

The sea fog environment shooting out of the scene visibility and contrast sharply reduced, many
features of the image contained will be covered or fuzzy. Thus making the video image surface ship
visual system seriously degraded, so the image visual system of ship under the clear sea fog
algorithm has high practical significance. In 2009, a method is proposed by He Kaiming based on
dark channel prior to the image defog[1], which can effectively achieve a good effect defogging
only according to the concentration of the local color of the image to repair the various parts of the
color. The atmosphere light will be wrongly estimated when the luminance of target in the scene is
similar to the atmospheric light, and optimizing the transmission estimation, through solving the
large sparse linear equations, the operation efficiency is low. The memory requirement is very high,
can not handle large image resolution. The research goal of this paper is to improve the algorithm
based on He Kaiming's theory, and make it more widely used.

Image defog algorithm based on dark channel prior
Dark channel prior principle

Firstly, the model of the dark channel prior and the fog image formation is studied, and then the
image de fog based on the improved dark channel theory is carried out.

Dark(x) = min (min (J°(y)) (1)

cefrg,b} yeQx)

Which J° is a channel 3 channel of the image, Q(x) is a window to x pixel as the center,

Dark(x)said the dark channel corresponds to the gray value of x in the point of the original images

at. Significance of formula (1):First, find the minimum value of each pixel in the RGB component,
in a pair of the same size of the original image and gray image, and then the gray scale images of

Copyright © 2017, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 1553



£

ATLANTIS
PRESS Advances in Computer Science Research, volume 71

minimum filter, filter radius is determined by the window size, generally Windows Size = 2 *
Radius + 1. Dark channel prior theory:

J dark SN O (2)

This theory is defined as dark channel a priori. After a large number of similar images of statistics,
it is found that the gray black channel clear image corresponding to the sunny weather conditions
for about 75% of the pixel value is 0, the pixel intensity of the dark channel also has about 90% of
the value of less than 25.

Estimation and optimization of transmittance
1(x) = J ()t(x) + Ad—-t(x)) (3)
Among them, 1(x)(fog image), J(x)is to restore the fog image, A the global atmospheric

light components, t(x) as the transmittance. Now the known condition is 1(x) that J(x) is the

target value, obviously, this is a solution of the equation, and therefore need a priori. By formula

©F

1°(x) _ J°(x)

—= t(x)+1-t(x 4

(=) 1) )
As mentioned above, the superscript C indicates the meaning of the RGB three channels. The

first assumption is that the transmittance in each window is constant, defined as it is, and the value

has been given, then the formula (4) on both sides of the two minimum value calculation, get the

next type:

() s . N N
mln(mcmT)_t(x) yTg!(Q) (mcmT)Jrl t(x) (5)

yeQ(x)

In the formula, is to seek the fog image, according to the dark channel prior theory:
Dark(x)= min ( min J°(y))=0 (6)

yeQ(x) ceQ(r,gb)

Therefore,

s ) NI
yrlw(!g)(mcln e )=0 (7)

Plugged (7) to (5),

coN 4 15(y)
t(x)=1 yTg'(rl)(mcm e ) (8)

t(x) is an estimated value of transmittance. In fact, even if it is sunny clouds, also exist in the air

with some particles, therefore, it is necessary to retain a certain degree of fog in time to fog, which
can be adopted in the formula (8) in the introduction of a [0,1] factor, then type (8) for correction

con . . 15(y)
t(x)=1 a)yrggg(rl)(mcm—AC ) (9)
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The transmittance of dark channel prior to obtain only a rough estimate, the transmittance
characteristics description of fog image is not accurate. Therefore, He use the meothod of Soft Matting
to optimize the transmittance[2]. As is shown in Figure 1.

Figure 1-a Foggy image Figure 1-b Minimum filtering

Figure 1-c  Estimation of transmittance Figure 1-d  Preliminary recovery

Figure 1-e Taransmission optimization Figure 1-f Recovery image

Figure 1 The defog method of He
Atmospheric light estimation

Estimation of atmospheric light A researchers have proposed different methods in estimation of
atmospheric light, Tan[3] proposed directly pixel fog image in the highest brightness value of the
pixel as the sky light, this estimation method is actually not accurate. Because in the fog image if
there is white or high brightness objects will affect the estimated value.

When the concentration of the fog is larger, the value of the dark channel is larger. So the fog
image of the dark channel in a certain extent can reflect the distribution of fog, Thus the
atmospheric light estimation can be carried out by the dark passage of the fog image. He proposed
to estimate the sky light method is to first according to the image of the dark channel, the dark
channel pixels in accordance with the size of the size of the order, and then take the top 0.2% pixels
in these pixels. The location of these pixels is representative of the larger fog concentration in the
actual scene. Then take the highest gray value in all the pixels as the sky light A.
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Fog image restoration

After obtaining the transmission rate and atmospheric light, the final clear image can be
calculated by the atmospheric scattering model (2-15), and its mathematical expression is as
follows:

I(x)-A
3 =J=A ) (10)
t(x)

Because the transmission rate tends to 0.So in the calculation of the restored image part of the sky
when will be very sensitive to noise.In order to avoid this situation, it will set a lower limit for the t,
thus enhancing the robustness.Then the calculation formula of atmospheric scattering model based
on fog reduction:

I(x)—A

J(X)ZW+A (11)

Algorithm improvement

The original algorithm is fast enough, there are too many floating-point calculations, although
you can try to optimize the deep level of code, including SSE processing, parallel operation, but due
to the implementation of the algorithm is sequential, not full parallel, when consumption increases.
Direct to the fog after the image will be more than the original dark, so the need for a certain
exposure after the treatment is enhanced, but the general algorithm is often not considered enhanced.
In view of the above mentioned to the fog algorithm operation number and fog after the visual
effect of the two aspects, this paper puts forward two aspects of improvement measures.

1, Studies have shown that [4] algorithm, since the dark channel transmittance than to fog the rest
to fine, if appropriate a little lower precision, the defogging effect theory should not be too much
difference. Based on the calculated transmittance, and not the original strike, but the first of the
original samples, calculate the transmittance of small map, and then get the original image by
transmittance about interpolation method.

2, The algorithm to image to fog fog in the preliminary treatment, and contrast stretching,
Gamma correction, histogram equalization method for image enhancement, then the weighted
average image fusion to get the final image to the fog.

First we need to obtain the weights of the initial fog image J,and the contrast improved image

J,, which is m, andm,. When the reference image are obtained by subtraction method is simple to

improve the contrast of the original image and the original fog, fog image in the foreground part
compared to the vision part of gray value is low, after subtraction of the whole image, close part
will appear the loss of information. So in the last part of the fusion image in close proportion to low.
The transmission rate is inversely proportional to the depth of field, transform form transmission
rate as weight map. Since a better effect in definition, we increase the proportion of the initial de
fog image. So,

m, (x) = min((k +t(x)),1) (12)

m, (x) =1—m,(X) (13)
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According to the weighted average image fusion algorithm,

F(x) =m (x)J, (x) +m, (x)J, (x) (14)
We get the initial fog image and the contrast improved image to fuse. Which m, and m,

corresponds to the weight of J, and J,,and. m +m, =1.

Figure 2-a Primary restoration image Figure 2-b Histogram equalization image

Figure 2-c Primary restoration with m1 Figure 3-d Histogram equalization with m2

Figure 2-e Taransmission optimization 2-f Improved algorithm in this paper

Figure 2 The defog method of this paper

Applications and results

For floating-point computation of the original algorithm, slow speed characteristics, by sampling
the original image, the size of the original resolution into the calculated transmittance small map,
and then get the original image by transmittance about interpolation method.

The use of MatlabR2014a in CPU Core (TM) i7-4790, 16G of physical memory, a 64 bit Win7
operating system, for a 6048*4032 color picture, the original algorithm needs 25.456s. For the same
color image based on the improved sampling method to the fog drop time to 21.274 s, saving time
4.182s.

The final result of the improvement of the visual effect after the fog is shown in figure 2. From
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the results of the image can be seen after preliminary restoration, image color distortion and
brightness of dark, black color. The weighted average color correction based on image fusion,
image rendering results color is more real and original preliminary reconstruction of fog image
(Figure 2-A) compared to clarity has improved greatly; and the original algorithm optimized
transmittance recovery plan (Figure 2-e) comparison, visibility is also improved.

Conclusion

In order to fog image processing, to improve the clarity of the image, the first analysis of the dark
channel prior theory and image formation model, then the prior theory was improved, the results
showed that: compared with the He image defogging algorithm, this algorithm reduced the time
near the sea fog; relatively strong, the the weighted average image fusion algorithm based on this
method can better improve the color image of the distortion problem, accurate reduction of the real
scene image.
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