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A B S T R A C T  
 

 

The dark channel prior (DCP) technique is an effective method to enhance hazy images. Dark channel 
is an image with the same size as the hazy image which represents the haze severity in different places 

of the image. The DCP method suffers from two problems: it is incapable for removing haze from smooth 
regions, causing blocking effects on these areas; it cannot properly reduce a haze with a non-monotonic 

behavior. In this paper, an adaptive image dehazing method is proposed based on the DCP method to 

solve the problem of this method. In this method, to overcome the dark channel deficiency of the 
blocking effects, the dark channel is initially extracted. The hazy image is subsequently segmented into 

smooth and non-smooth regions. Regarding the smooth regions, the pixel values in the dark channel are 

reduced by dividing them with a rather great number. To solve the second problem, depending upon the 
haze severity, the haze removing technique is applied repeatedly until all the regions of the image are 

enhanced. Finally, the Gamma correction approach is used for contrast enhancement of the smooth 

regions. The performed subjective and objective comparison attest the superiority of the proposed 
method to the DCP one in removing the haze. 

doi: 10.5829/ije.2019.32.02b.10 

 

 
1. INTRODUCTION1 
 
The outdoor images are degraded by the suspended 

particles in the atmosphere. Atmospheric absorption such 

as haze, fog, and smoke reduces the visibility of the scene 

and color shift may occur. Hence haze should be removed 

for extracting desirable information and features from the 

images.  

There are two general methods for removing haze: 

multiple-image and single-image methods. The former 

uses multiple images or additional information. In 

polarization-filtered methods, images taken at different 

orientations are used to remove haze [1-3]. Some 

multiple-image based methods use images of the same 

scene at different weather conditions for removing haze 

[4-6]. Depth-based methods require the depth 

information from the user interactions to restore images 

[7, 8]. The shortcomings of the multiple-image methods 

are their additional need for information from multiple 

images and their preparation difficulty. 

Single-image methods use a single image without the 

need for any additional information about the image. Tan 
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[9] removed the haze by maximizing the local contrast in 

the restored image. However, this method is not effective 

in restoring natural colors in haze-free area of the image. 

Haze can also be removed using the transmission 

coefficient which are estimated by reflection of the 

suspended particles in the scene [10-12]. These methods 

are not suitable for a dense haze and require enough color 

information from the image.  

He et al. proposed a dehazing algorithm based on 

DCP [13]. This method is based upon the assumption that 

at least one color channel has very low intensities within 

a window in a haze-free image. Hence, a haze-free image 

can be restored by estimating the transmission coefficient 

and the airlight. The light coming from the illuminant 

(e.g. sun) and scattered by the atmospheric particles 

towards the camera is the airlight. The light emanating 

from the object is attenuated by scattering, leading to the 

transmission coefficient. 

The DCP method has a blocking effect on the smooth 

areas. It has been improved in its blocking effect using 

the guided filter which causes the blurring effect [14, 15]. 

Bai et al. [18] used a median filter to improve the DCP 
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method. This method may not preserve the edges. Ranota 

et al. [19] proposed a technique to fortify the DCP 

method in enhancing hazy images. This technique 

employs separate approaches for enhancing the smooth 

and non-smooth areas of a hazy image. It uses Gamma 

correction in the smooth regions and the DCP method in 

the non-smooth regions. 

Although the existing DCP-based methods have good 

performance for removing haze, they may cause blurring 

effect and color distortion [16-21]. The DCP method has 

the same theory for removing haze from all parts of the 

image. Hence, it may cause blocking effect in the smooth 

regions and also cannot remove the haze from images 

with various severity of haze. 

In this research, the hazy image is segmented into 

smooth and non-smooth regions. Then the effect of 

smooth regions is reduced in DCP method to overcome 

the blocking effect in these areas. Depending on the 

severity of haze in the non-smooth regions, the DCP 

method might be applied repeatedly until all regions be 

enhanced. Finally, a simple Gamma correction approach 

is used to improve the contrast of the smooth areas [22].  

This paper is organized as follows. In section 2, the 

DCP approach for haze removal is introduced. The 

proposed method is presented in details in section 3. In 

section 4, the experimental results are provided with both 

the subjective and objective evaluations. Finally, the 

conclusion is driven in section 5. 

 

 

2. THE DCP METHOD 
 

A hazy image can be modeled as follows [13]: 

𝐼(𝑥) = 𝐽(𝑥)𝑡(𝑥) + 𝐴(1 − 𝑡(𝑥))    (1) 

where 𝐼,  𝐽, 𝑡, 𝐴, and 𝑥 are the hazy image, the haze-free 

image, the transmission coefficient, the global airlight, 

and the image pixel, respectively.  

In Equation (1) the global airlight and the 

transmission coefficient are two unknown parameters. 

The DCP method is one of good methods for estimating 

these two parameters. The basis of DCP method is that 

hazy image is divided into overlapping windows (usually 

15x15) and in each of these windows, one pixel is 

considered as the dark pixel. Then this dark pixel is 

replaced on all pixels in that window. To obtain the dark 

pixel, the minimums in the R, G, and B channels of the 

window are calculated. Then, the minimum of them is 

considered as the dark pixel [17]. 

Equation (2) is obtained by applying the DCP method 

on Equation (1). 

    𝑚𝑖𝑛𝑐 (𝑚𝑖𝑛𝑦∈Ω(𝑥) (
𝐼𝑐(𝑦)

𝐴𝑐
)) = 𝑡̃(𝑥) 𝑚𝑖𝑛𝑐 (𝑚𝑖𝑛𝑦∈Ω(𝑥) (

𝐽𝑐(𝑦)

𝐴𝑐
)) + (1 −

 𝑡̃(𝑥))      (2)  

In the above equation, 𝑐 is one of the color channels, 

Ω(𝑥) represents the neighbors of pixel 𝑥, 

𝑚𝑖𝑛𝑐 (𝑚𝑖𝑛𝑦∈Ω(𝑥) (
𝐼𝑐(𝑦)

𝐴𝑐 )) is the normalized dark channel 

of the hazy image and 𝑡̃(𝑥) is the transmission coefficient 

for each patch. 

Hazy regions in dark channel are brighter. Hence dark 

channel of haze-free image tends to zero. By replacing 

zero on dark channel of haze-free image in Equation (2), 

transmission coefficient can be obtained as bellow: 

𝑡̃(𝑥) = 1 − 𝑤. 𝑚𝑖𝑛𝑐 (𝑚𝑖𝑛𝑦∈Ω(𝑥) (
𝐼𝑐(𝑦)

𝐴𝑐
))   (3)  

The airlight has a color similar to those of the bright 

regions. Hence for estimating the global airlight, the top 

0.1% brightest pixels of the dark channel are selected. 

According to these pixels the highest intensity of the hazy 

image, is taken as the airlight [13]. 

The transmission coefficient image has some 

discontinuities. For refining and eliminating these 

discontinuities, the Laplacian method can be used which 

has been described in literature [19]. Finally, the haze-

free image can be obtained from Equation (1) expressed 

below: 

𝐽(𝑥) =
𝐼(𝑥)−𝐴

𝑚𝑎𝑥 (𝑡(𝑥),𝑡0)
+ 𝐴                     (4) 

As 𝑡(𝑥) tends to zero in images with less haze, a 

minimum value for the transmission coefficient is 

considered (𝑡0 = 0.1) [13].  

 
 
3. THE PROPOSED ALGORITHM 
 

A block diagram of the proposed method can be seen in 

Figure 1. The DCP method is one of effective methods 

for removing haze. Despite the capability of DCP 

method, it has two important shortcomings which are 

resolved in this paper. The DCP method causes blocking 

effects on the smooth regions. To overcome this effect, 

the dark channel of the hazy image is extracted. Then the 

hazy image is segmented into the smooth and non-

smooth regions. Based on the dark channel, the pixels 

values for smooth regions are reduced by dividing them 

with a rather great number. 

The other problem with the DCP method is with non-

monotonic behavior of the haze distortion on the images. 

Hence, the DCP method must be applied on some regions 

more than once. For this purpose, we use the dark channel 

information to check the need for re-applying the 

method. 

The brighter areas in the dark channel imply that this 

method should be applied more than once on these 

regions. 

Hence regarding the dark channel, regions without 

haze are assigned to zero, and DCP is applied repeatedly 

on the hazy regions until the average of the dark channel 

is lower than a predefined value. 
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Figure 1. Block diagram of the proposed haze removing method 

 

 

Finally Gamma correction method [22] is used to 

enhance the smooth regions of the hazy image. These 

steps are explained in detail in the following subsections. 

 

3. 1. Smooth and Non-Smooth Region 
Segmentation        For separating the smooth and non-

smooth regions, first the pixonal approach, described in 

litersture [17], is utilized to segment the hazy image. This 

approach is used because of the better cohesion of the 

segments is created.  
After formation of the pixons, the final segmentation 

takes place. For this purpose, the Fuzzy C-Mean (FCM) 

algorithm which is one of the most widely used clustering 

algorithms, is employed [23]. In this paper the FCM is 

utilized to divide the pixonal image into five segments, 

and this segmentation was tested on all images of the data 

base [24]. One sample of pixonal segmentation is showed 

in Figure 2(b). 

To separate the smooth and non-smooth regions from 

the previous segmentation, the texture information can be 

used. A texture image, which is of the same size as the 

hazy image (I) can be obtained as follows [25]: 

𝐼(̅𝑖, 𝑗) =
2

(2𝐿+1)2
∑ ∑ 𝐼(𝑖 + 𝑘, 𝑗 + 𝑙)  𝐿

𝑙=−𝐿
𝐿
𝑘=−𝐿   (5) 

𝑀𝑇 = |𝐼(𝑖, 𝑗) − 𝐼(̅𝑖, 𝑗)|  (6) 

where 𝐼 ̅is the local average and 𝑀𝑇 is the local variance 

in the window size of 2𝐿 + 1 ×  2𝐿 + 1.  
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Figure 2(c) shows the texture image of the hazy 

image. As it can be seen, the dense texture regions have 

larger variance. 

According to the texture image, the average pixel 

values for each of the five segments achieved in the 

previous step is calculated. Then the smooth regions can 

be separated by considering a threshold value (the 

threshold value of 2 is considered in this experimentally 

research work). 

 
3. 2. Removing Haze From Image        As mentioned 

earlier, the DCP method causes the blocking effect on the 

smooth regions. To overcome this shortcoming, the 

effect of the smooth regions must be reduced in the DCP 

method. For this purpose, the dark channel of the hazy 

image is initially extracted. Then the effect of the smooth 

regions, identified in the previous section, are decreased 

by dividing their pixels values with a rather great value 

(we chose the value to be 7 in this paper). This reduction 

is illustrated in Figure 2(d). Then the DCP method is 

applied to the whole image once (Figure 2(e)). 
Another problem of the DCP method is that, it is not 

suitable for images with various severity of haze. Hence, 

once the results are not satisfactory, DCP should be 

applied repeatedly. For removing the haze from images 

with various severity of haze, the dark channel of the 

hazy image is segmented into brighter and darker 

segments using pixon-based approach. For formation of 

pixons, the value of a pixel is compared with its 

neighboring pixels. If this value is less than a threshold, 

they are considered as one pixon. We considered the 

threshold value as 20 in this experimental work. 

The bright regions in the dark channel means that the 

haze was not removed from these regions properly. 

Hence, the haze-free regions are assigned to zero and the 

DCP method is applied on the hazy regions. This 

algorithm is repeatedly applied to the hazy regions until 

the average value for the dark channel becomes lower 

than a predefined threshold value. The threshold value of 

zero is set in this experimental work. 

By all the steps taken above, there might still be 

distortion in the image which is due to the Gamma 

distortion. Hence we need to use Gamma correction 

approach to enhance the image [26]. Finally, the Gamma 

correction is used to enhance the smooth regions. The 

Gamma correction approach is described as follows [17]: 

𝐸(𝑥, 𝑦) = 𝑇(𝑥, 𝑦)𝛾 (7) 

when the 𝛾 value is less than one, the enhanced image 

becomes lighter than the input image; and when the 𝛾 

value is greater than one, the enhanced image becomes 

darker than the input image [21, 27]. The Gamma value 

of 1.5 is considered in this  experimental work to enhance 

the smooth regions of the hazy image. An example of the 

above-mentioned process can be seen in Figure 2. 

 

 

4. EXPERIMENTAL RESULTS  
 

In this paper a technique for improving the DCP method 

in enhancing hazy images is introduced. The proposed 

method was evaluated on various images and its 

performance was compared with the performance of a 

number of well-known methods [12, 13, 15, 17, 20]. 

There are additional literature [13, 17, 20] have focussed 

on some of the DCP-based methods. Results of some 

recent methods are compared with the proposed method 

in Figures 3.    

Results presented by Galdran [12] and He et al. [13] 

have some limitations in removing dense haze. The 

results presented by Li and Zheng [15] are not effective 

in removing haze from sharp regions. But, the proposed 

method can restore natural color with no need to further 

color information from the image, and is good for 

removing dense haze as well as sharp regions. 

 

 

      

f) Final result 
e) Overcoming the 
blocking effect of 

smooth regions in 

DCP method 

d) Reduced the 
effect of smooth 

regions in dark 

channel 

c) Texture image b) Pixonal image a) Hazy image 

Figure 2. Outputs of the proposed method at different stages 

 

 

Subjective comparison results of the DCP-based image 

dehazing methods with the proposed method are shown 

in Figures 4-5. As it can be seen the proposed method 

provides more favorable results in removing the haze 

from regions with different severity of haze. 

It is noteworthy that, since most of the existing 

methods do not provide the results on specified 

databases, we compared the proposed method with the 

state-of-the-art on the images reported in their papers.  

The mean square error (MSE), figure of merit (FOM), 

and structural similarity (SSIM) are the full reference 

numerical image quality assessments that were used to 

show the performance of the proposed method. Because 

the haze-free version of the above test images is not 
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available, we used some haze-free images. First, these 

images were damaged by different amount of the haze, 

and then the proposed method was applied to them. 

Figures 6-7 illustrate two instance results of the proposed 

method in comparison of objective quality assessment 

values with the method in [13]. As can be seen, the 

proposed method produces better objective values than 

the method reported in literature [13]. These values are 

also in good agreement with the subjective evaluations of 

the human observers.  

 

     

     

a) Hazy image b) Result of [13] c) Result of [12] d) Result of [15] 
f) Result of the 

proposed method 

Figure 3. Comparison of the proposed method with different methods in haze removing 

 

    

a) Hazy image 
b) Result of the DCP method 

[13] 

c) Result of the DCP 

based method in [20] 

d) Result of the proposed 

method 

Figure 4. Example 1 for comparison of the proposed method with the DCP base methods in haze removing (subjective quality 

assessment) 

 

    

a) Hazy image 
b) Result of the DCP 

method [13] 

c) Result of the DCP 

base method in [17] 
d) Result of the proposed method 

Figure 5. Example 2 for comparison of the proposed method with the DCP base methods in haze removing (subjective quality 

assessment) 

 

   
c) Result of the proposed method 

MSE=190, FOM=0.9, SSIM=0.89 

b) Result of the DCP method [13] 

MSE=361, FOM=0.78, 

SSIM=0.73 

a) Hazy image 

MSE=692, FOM=0.61, SSIM=0.54 

Figure 6. Example 3 for comparison of the proposed method with the DCP method in haze removing (objective quality assessment) 
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a) Hazy image 

MSE=703, FOM=0.61, SSIM=0.58 

b) Result of the DCP method [13] 

MSE=290, FOM=0.75, SSIM=0.71 

c) Result of the proposed method 

MSE=192, FOM=0.87, SSIM=0.89 

Figure 7. Example 4 for comparison of the proposed method with the DCP method in haze removing (objective quality assessment) 
 

 

5. CONCLUSIONS 
 
In this paper, an improved image dehazing algorithm was 

proposed using the dark channel prior. DCP method 

causes the blocking effect on the smooth regions and it is 

not suitable for images with a different severity of haze. 

The proposed method has resolved these two 

shortcomings of the DCP method. To overcome the 

problem of blocking effect, the image is segmented into 

the smooth and non-smooth regions. Then the blocking 

effects on the smooth regions is reduced. For the second 

problem, the method is applied repeatedly to properly 

remove the haze. The quantitative and qualitative 

comparison results provided in this paper showed that the 

proposed technique is superior to the DCP method and 

other existing DCP-based methods in enhancing hazy 

image. 
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 چکیده

 

 

با تصویر روش کانال تاریک یک روش موثر برای بالا بردن کیفیت تصاویر دارای مه است. کانال تاریک، تصویری هم اندازه 

دهد. روش کانال تاریک دارای دو مشکل است: قادر به های مختلف تصویر نشان میمه آلود است که میزان مه را در قسمت

شود. همچنین این روش برای تصاویر دارای حذف مه از نواحی هموار نیست و موجب ایجاد اثر بلوکی در این نواحی می

ه یک روش حذف مه بر اساس روش کانال تاریک پیشنهاد شده است. در این روش مه ناهمگن مناسب نیست. در این مقال

های شود. سپس این تصویر به قسمتبرای غلبه بر مشکل اثر بلوکی در نواحی هموار، ابتدا تصویر کانال تاریک استخراج می

ر در کانال تاریک با تقسیم بر یک عدد های متناظشود. با توجه به نواحی هموار، مقادیر پیکسلهموار و غیر هموار تقسیم می

یابد. برای حل مشکل دوم با توجه به میزان مه، ممکن است این روش بارها تکرار شود تا کل تصویر بهبود بزرگ کاهش می

رود. مقایسه کمی و کیفی، برتری روش پیشنهادی یابد. در نهایت اصلاح گاما برای بالا بردن کیفیت نواحی هموار به کار می

 دهد.بر روش کانال تاریک را نشان می

doi: 10.5829/ije.2019.32.02b.10 
 
 


