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Abstract: This paper studies the basic methods of image defogging technology from the perspective 

of image enhancement, introduces the histogram optimization defogging algorithm, including the 

principle and implementation steps of global histogram optimization algorithm and local histogram 

optimization algorithm, and summarizes the advantages, disadvantages and applicable conditions of 

the two defogging algorithms. 
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__________________________________________________________________________________________ 

 

1. INTRODUCTION 

In foggy weather, the visibility of the scene decreases greatly, and the outdoor images acquired in 

foggy weather will be seriously degraded. The contrast and color of the image target will be attenuated, 

which greatly reduces the application value of the image. Even in sunny weather, the clarity of photos 

is affected by atmospheric scattering. The presence of aerosols in the air can also cause the color of 

the object surface to fade and the contrast of the whole image to decrease, which has a great impact 

on industrial production and people's daily life. For example, image surveillance system of urban 

intersections, degraded images obtained under bad weather conditions will cause great difficulties in 

judging vehicle information and monitoring traffic conditions; in military reconnaissance or 

surveillance, the recognition and processing of degraded images will cause deviation, and the 

consequences of this deviation are very serious; in remote sensing detection, degraded images will 

also cause subsequent information locations. It causes a lot of interference, so defogging algorithm is 

used in many fields.  

Image enhancement is a method of processing degraded images in fog by using digital image 

processing technology. The enhancement of haze image refers to adjusting the gray value according 

to the statistical information of haze image, which has nothing to do with the area where the 

adjustment point is located. In view of the low contrast of the image acquired in foggy weather, image 

enhancement can make the image uniform, expand the dynamic range of the image and expand the 

contrast. The algorithm has the advantage of small time complexity, and has obvious improvement 

effect on mist image. 
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2. DEFOGGING ALGORITHM BASED ON HISTOGRAM OPTIMIZATION  

Histogram is the statistical image of gray-level pixels in an image, which is used to represent the 

probability of different gray-level occurrence in an image. For a gray image, its gray statistical 

histogram can reflect the statistical situation of different gray levels of the image. The visual effect 

of the image corresponds to its histogram. By adjusting or transforming the shape of the histogram, 

the display effect of the image will be greatly affected.  

2.1 Global Histogram Equilibrium  

Global histogram equalization is the operation of the histogram of the original image, which makes 

the gray level distribution approximately uniform, increases the dynamic range of the gray level, and 

improves the contrast of the image. The steps of image global histogram equalization are as follows:  

(1) Statistics the number of gray levels of the original fog image;  

(2) Calculate the histogram of the original fog image, that is, the probability density of each gray 

level.  

  / 0,1,2,..., 1f i ip f n N i L  
                                   

(1)  

N is the total number of pixels in the original fog image.  

(3) Calculating the cumulative distribution of histogram  
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(4) Calculating the gray level of the final output  
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(3)  

Among them, it represents the integer and the maximum gray level of the image. In this way, the 

calculation formula is simplified as follows:  

[( 1) ( ) 0.5] 0,1,2,..., 1i f ig INT L P f i L    
                            

(4)  

(5) Redefining the image histogram. The approximate uniform distribution of the output histogram is 

obtained by using the mapping relation of sum.  

(6) The number of gray levels of the output image is counted according to the new histogram.  

2.2 Local Histogram Equilibrium  

For example, the global histogram equalization of the image mentioned above has remarkable effect 

on image enhancement with too bright or too dark background or foreground, but it does not grasp 

the very good processing accuracy for image detail processing. Thus, the global histogram 

equalization is improved to the local histogram equalization.  

The implementation steps of the algorithm are as follows:  

(1) Initialize the size of the sub-block window. If the size of the image is M N , size of the sub-

block is m n , the image is divided into 
M N

m n

   
   

   
sub-blocks (symbolic     representation is 

downward rounded), and the rest is processed as irregular sub-blocks separately.  

(2) Constructing a new output image ( , )g x y . For each sub-block, histogram equalization is done for 

each sub-block window in the order of m from left to right and N from top to bottom. Processing 

results are stored in the middle of ( , )g x y .  

(3) Output ( , )g x y  , it is the result after traversal.  
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3. EXPERIMENT  

3.1 Experiments on Global Histogram Equalization Algorithms  

The images before and after defogging using global histogram equalization algorithm are as follows: 

Fig.1 and Fig.2.  

 

Fig.1 Original fog image and histogram 

 

Fig.2 Image after global histogram optimization 

 

Fig.3 Histogram comparison of images after global histogram processing 

Fig.1 and Fig.2 equalize images before and after defogging using global histogram, respectively. It 

can be seen that the contrast of the original fog image has been enhanced, and the problem of high 

brightness caused by fog has been improved as a whole. However, part of the defogged image is 

darker, which can be known by histogram changes. This is because the global histogram equalization 

expands the area of the original image with the pixel value of more than 100 to 0-100, and the gray 

scale of the image is stretched to 0-255. In short, global histogram equalization improves the contrast 

and brightness of foggy images, but ignores the local details of the image, and fogging is not targeted, 

resulting in some distortion.  

 

 

http://image.baidu.com/search/detail?ct=503316480&z=undefined&tn=baiduimagedetail&ipn=d&word=%E9%9B%BE%E9%9C%BE&step_word=&ie=utf-8&in=&cl=2&lm=-1&st=undefined&hd=undefined&latest=undefined&copyright=undefined&cs=2728416697,149800150&os=1365491292,1015581718&simid=3389933720,293016322&pn=3&rn=1&di=28820&ln=1803&fr=&fmq=1555041095632_R&fm=&ic=undefined&s=undefined&se=&sme=&tab=0&width=undefined&height=undefined&face=undefined&is=0,0&istype=0&ist=&jit=&bdtype=0&spn=0&pi=0&gsm=0&objurl=http://pic.weather.com.cn/images/cn/photo/2016/12/12/1209324555BE2CA8F9BC091F5B1624B656575D91.jpg&rpstart=0&rpnum=0&adpicid=0&force=undefined
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3.2 Local Histogram Optimization Experiment  

 

 

Fig.4 Original fog image and histogram 

 

Fig.5 Image after Local Histogram Equalization Processing 

 

Fig.6  Histogram comparison of images after global histogram processing 

 

Fig.4 and Fig.5 equalize images before and after defogging using local histogram, respectively. It can 

be seen that local histogram equalization algorithm has the advantages of fast image processing speed, 

effective preservation of the local features of the original image, good local image enhancement effect 

and high local contrast. However, the overall loudness of the processing results is dark, and the 

algorithm needs to be optimized.  

 

4. CONCLUSION  

Global histogram equalization algorithm can effectively enhance the contrast of the whole foggy 

image, but considering the image as a whole, the enhancement effect is not uniform because the depth 

of field is different in different regions of the image and the transmittance of atmospheric medium is 

not uniform.  

Local histogram equalization can partition foggy images and enhance local details. The result of local 

histogram equalization is much better than that of global processing, and it has better defogging effect 

http://image.baidu.com/search/detail?ct=503316480&z=undefined&tn=baiduimagedetail&ipn=d&word=%E9%9B%BE%E9%9C%BE&step_word=&ie=utf-8&in=&cl=2&lm=-1&st=undefined&hd=undefined&latest=undefined&copyright=undefined&cs=2728416697,149800150&os=1365491292,1015581718&simid=3389933720,293016322&pn=3&rn=1&di=28820&ln=1803&fr=&fmq=1555041095632_R&fm=&ic=undefined&s=undefined&se=&sme=&tab=0&width=undefined&height=undefined&face=undefined&is=0,0&istype=0&ist=&jit=&bdtype=0&spn=0&pi=0&gsm=0&objurl=http://pic.weather.com.cn/images/cn/photo/2016/12/12/1209324555BE2CA8F9BC091F5B1624B656575D91.jpg&rpstart=0&rpnum=0&adpicid=0&force=undefined
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for haze images with low contrast and variable depth information. However, the algorithm is too 

computational and time-consuming to be used in real-time processing, so the algorithm needs to be 

further optimized.  
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