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Abstract—A haze removal method for single image on complex 
imaging background is proposed. The basic assumption of dark 
channel prior and the selecting principle of atmospheric light 
value are studied theoretically, and it is found that the template 
scale plays a key role in the determination of atmospheric light 
value and the quality of transmission image, which are two 
crucial parameters for getting high-precision images. Based on 
this, a multi-scale model is ingeniously proposed in order to 
obtain the most desirable two crucial parameters simultaneously. 
The advantages of the multi-scale model for single image haze 
removal on complex imaging background are also experimentally 
demonstrated.  
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I INTRODUCTION 
Nowadays, the requirement for acquiring high-precision  

images is dramatically increasing in order to meet the practical 
demands. However, foggy weather has a serious effect on the 
outdoor visual perceptions and image information collections. 
Motivated by this, a bunch of methods for haze removal have 
been proposed [1], among which the dark channel prior (DCP) 
proposed in He’s method [2] is undoubtedly the most desirable 
one. Inspired by DCP, many ameliorated methods in the 
aspect of algorithm are proposed thereafter. For example, the 
corresponding fast algorithm [3] is proposed, and the halo 
effect is remarkably reduced by template pretreatment in the 
dark channel calculation [4].  

However, DCP method has a strong dependence on the sky 
region, and it fails to select the reasonable atmospheric light 
value when the sky region is tiny and the area of the natural 
light reflector is large simultaneously. In this paper, a new 
haze removal method based on DCP method for single image 
on complex imaging background is proposed, which is 
experimentally demonstrated to be effective in tackling the 
aforementioned difficulties and has rarely been reported to the 
best of our knowledge. It is anticipated that our proposed 
method would shed insight into high-precision image 
collections in various fields (e.g., remote sensing) that are 
based on complex imaging background. 

II DARK CHANNEL PRIOR 
The McCartney model [5-8] has widely been adopted in 

the image haze removal, and it is defined as 

( ) ( ) ( ) (1 ( ))I x J x t x A t x� � � . (1) 

Where ( )I x , ( )J x  and ( )t x denote the original hazy image, 
haze-free image, and medium transmission in terms of the 
corresponding pixel x , respectively. A is the atmospheric light 
value. The process of haze removal is to 
estimate A and ( )t x from ( )I x , and then restore the ultimate 
haze-free image ( )J x . As can be seen, the crucial step is to 
estimate the unknown quantities A and ( )t x .The dark channel 
of an image L is described by [2] 

( ) { , , }
( ) min ( min ( ))dark C

y x c r g b
L x L y

�� �
�

. 
(2) 

where ( )CL x is one color channel of ( )L x , and ( )x� is a 
template centered at x .  

Taking the dark channel calculation on both sides of (1), 
and then the dark channel value of the outdoor haze-free 
image 0darkJ � except for the sky region as demonstrated by 
large amounts of experimental observation in He’s method[2]. 
Therefore, the complicated multiplicative term ( ) ( )J x t x can be 
eliminated and the transmission ( )t x is then expressed as  

( )

( )( ) 1 min (min )
c

cy x c

I yt x
A

�
��

� �
.
 (3) 

where� is the correction parameter. More importantly, the 
estimate precision of ( )t x is directly affected by another 
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important parameter A .In He’s method, the 15×15 scale 
template is invariably employed for the determination of A . In 
brief, they first select the positions of top 0.1 percent brightest 
pixels in the dark channel of ( )I x , and then take the brightest 
pixel among these selected positions as A .  

However, He’s method applies only when the sky region is 
larger than the natural light reflector. In comparison, our 
proposed method works well even when the sky region is tiny 
and the area of the natural light reflector is large 
simultaneously. Additionally, the theoretical foundation of 
DCP method is also given in this paper to make our 
conclusion more reliable. 

III  PROPOSED METHOD 

According to McCartney Model, the transmission ( )t x is 
also expressed as 

( )( ) d xt x e 	��   .                 (4) 

where 	 is the atmosphere scattering coefficient, and ( )d x is 

the scene depth. Theoretically, if the pixel fx in the original 
image ( )I x is infinitely distant from the imaging point, the 

transmission ( ) 0
f

t x � , and then 

AxtAxtxJxI ffff ���� ))(1()()()(
.  

(5) 

As can be concluded from (5) that the intensity ( )fI x of 

the furthest pixel fx  in ( )I x can be taken as the most accurate 
estimate of the atmospheric light value A . Although the sky 
area is obviously further than any other scene in ( )I x from the 
imaging point, A should be primarily constrained in the sky 
region, and the scattering intensity (1 ( ))ft x� is the highest 
in ( )I x . As the sky region lacks reflectors, the intensity of the 
light reaching the imaging device is mainly contributed by the 
term (1 ( ))A t x�  in this region. So the furthest pixel fx should 
be the brightest pixel in the sky region, and the intensity of the 
pixel fx in the dark channel is also the highest 
correspondingly.  

The most fundamental assumption of DCP is y 0dark
non skJ � � , 

which is made based on experimental observation in He’s 
method [2]. The theoretical basis is provided in this paper as 
follows. 

 

 

 

 

Figure 1 Sketch of dark channel operation. a) Sketch of { , , }
min ( )

c r g b�

  operation. 

b) The intensities of all of the covered pixels indicated by the red squared box 
are high. c) The covered pixels in b) with only one low-intensity pixel y . 

As illustrated in Fig. 1a, an RGB channel image is 
composed of the three channels of R, G and B, and the 
channel minimum min ( )cL x of the RGB channel image is 
obtained after the operation

{ , , }
min ( )

c r g b�

 in (2). For the 

image min ( )cL x , it is only when the intensities of all of the 
pixels covered by the template ( )x� centered at x are high as 
indicated by the red squared box in Fig. 1b, that the final 
value ( )darkL x of the dark channel operation is high, and even 
only one pixel with low intensity covered by the 
template ( )x� , e.g., pixel y  in Fig. 1c, will lead the final 
value ( )darkL x  to be low. 

In sky region the light is mainly the natural light, and the 
proportion of RGB intensity of the natural light is close to 1 to 
1 to 1according to RGB color model. Since there is no 
obviously low intensity in three channels, the channel 
minimum 

min ( )cL x of sky region is generally high after the 
operation 

{ , , }
min ( )

c r g b�

 in (2). However, the scene of non-sky 

region primarily reflects the natural light, and thus the 
proportion of RGB channels is generally unbalanced in this 
region, which will lead min

cL to be pulled low after the 
operation

( )
min ( )
y x��


 . As a result, the ultimate intensity of the 

dark channel in non-sky region y 0dark
non skJ � � . 

To test whether our proposed method works, we collect 
testing images from the Internet using the most popular tags 

min
cL
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and cut out most of sky regions for experiment. Fig. 2a, Fig. 
2b and Fig. 2c show the selected A (indicated by the arrows) 
in the hazy images ( )I x with the template scale increasing in 
turn. Note that the position of A found firstly is marked with 
red, and the area of red pixel is expanded for facilitating 
display, and this notation principle also applies in the 
following text. As can be seen from Fig. 2c that using the 
15×15 scale template employed in He’s method [2] will lead 
to the wrong selection of the cliff that belongs to natural light 
reflector as A , which is obviously an unreasonable result of  
the maximum scene depth in ( )I x . Therefore, we can 
conclude that when the sky region is tiny and the area of 
natural light reflector is large simultaneously, the small scale 
template fails to estimate atmospheric light value A . 

Figure 2  Tiny sky region with large natural light reflector. a) Selected 
atmospheric light value using 3×3 scale template. b) Selected atmospheric 
light value using 9×9 scale template. c) Selected atmospheric light value using 
15×15 scale template. d) Selected atmospheric light value using 30×30 scale 
template 

For large scale templates, only when the intensities of the 
channel minimum min ( )cL x  of large connected regions are high, 
can the intensity of the central pixel be high. So the larger 
scale template tends to eliminate larger natural light reflector 
in non-sky region by the dark channel calculation as the RGB 
balance grade of the natural light reflector together with other 
adjacent regions is lower than that of the connected sky region 
even though the RGB intensity of the reflector is higher than 
that of sky region. This statement can be confirmed by Fig. 2d 
which accurately and reasonably selects A by using 30×30 
scale template. Meanwhile, according to (1), the high-
complexity algorithm [2] can be replaced with our low-
complexity algorithm to directly select the position of the 
brightest pixel in the dark channel. 

Figure 3  Tiny sky region with large white reflector. a) Selected atmospheric 
light value using the 15×15scale template. b) Selected atmospheric light value 
using the 30×30 scale template. c) Transmission image by He’s method 
without guided-filtering. d) Transmission image by our method without 
guided-filtering. e) Haze removal result by He’s method with guided-filtering. 
f) Haze removal results by our method with guided-filtering 

The proposed method is also very effective when the sky 
area is tiny and the area of white reflector is large 
simultaneously, which is similar to the situation shown in Fig. 
2. A more convincing example is shown in Fig3. When the 
template scale is small, the hood of a white car is wrongly 
selected as A using He’s method [2] as shown in Fig. 3a. In 
contrast, A can be accurately selected with the 30×30 scale 
template as indicated by the arrow in Fig. 3b. However, the 
larger scale template tends to cause the detail loss of the 
transmission image ( )t x , which can be seen from the 
comparison between Fig. 3c obtained by using 15×15 scale 
template in He’s method and Fig. 3d obtained by using 3×3 
scale template. Both Fig. 3c and 3d are obtained without the 
adaptation of guided-filtering. It is obvious that the smaller scale 
template is more advantageous over the larger one in 
preserving details. Based on this, we adopt the multi-scale 
model to guarantee the effect of image haze removal, i.e., a 
larger scale template is used to improve the estimate precision 
of atmospheric light value A  or in other words to obtain the 
most desirable A, and a smaller scale template is used to 
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preserve transmission image details simultaneously on 
complex imaging background. 

IV  EXPERIMENTS AND DISCUSSION 
In this Section, we test how our proposed method works 

and compare it with He’s method [2]. The experiments are 
performed using the software Matlab (please add the version 
of the software, e.g., 10.0), which is installed on a personal 
computer with a 2GHz Intel Core i7 processor. We continue to 
use the testing image in Fig. 3 in our experiments. The haze 
removal results obtained by using He’s method that adopts the 
invariable scale template of 15×15 and by our proposed 
method which employs the multi-scale templates of 3×3 and 
30×30 are  shown in Fig. 3e and 3f, respectively.. Note that 
guided-filtering [9] has been adopted to obtain Fig. 3e and 3f. 
As can be easily seen, on complex imaging background our 
proposed method is superior to He’s method especially for the 
distant sky region and the distant white car. 

V CONCLUSION 
In this paper, the essential assumption of DCP and the 

selecting principle of atmospheric light value are studied 
theoretically. It is found that template scale makes a great 
impact on the determination of atmospheric light value and the 
quality of transmission image on complex imaging 
background. Therefore, a multi-scale model is proposed in 
order to obtain the most desirable two crucial parameters for 
obtaining appealing haze removal images, i.e., we employ a 
larger and a smaller scale templates to obtain accurate 
atmospheric light value and high-quality transmission image, 
respectively.  

Additionally, the superiority of our proposed method is 
also confirmed by corresponding experiments compared to the 
classic He’s method. It should be addressed that in our method 
the template scale needs to be adjusted manually due to the 
numerous distinctive features between different images. 
Therefore, it is practically significant to adjust the 
corresponding scales automatically, and we leave this problem 
for future research. 
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