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Abstract. The snow in video images affects image quality and blurs key objects in the video image. 
It affects the ability of computer automatic detection, recognition and target tracking. First of all, we 
can use the improved symmetrical frame differencing method to detect and remove snow. If the 
snow is intensive, we will remove snow fog to improve the result of restoration. The simulation 
results show that this method can effectively remove the snow in the video image, it can provide a 
feasible method for clearness of bad weather. 

Introduction 
Snow is unstable, its visual effect is very complex. Because of the characteristics of randomness 

and fast motion of spatial distribution of snow, it makes removing snow in the video image difficult. 
Garg and Nayar [1, 2] of the Columbia University proposed the method to remove rain by optical 
model, assuming that the speed and direction is the same, it is not ideal to remove rain. Barnum[3, 4] 
et al introduced snow and global characteristics, and put forward the method of removal using 
frequency domain characteristics and this method needs higher falling speed of rain and snow. Xu[5] 
used the method of defogging method to remove snow in the video, but the method will leave much 
snow track, but the image of the object boundary is fuzzy. In this paper, using improved 
symmetrical frame differencing to detect the snow in the image, according to the pixel brightness 
relations to remove snow in the image, and then by the defogging method to remove snow. It can 
increase the clarity of the image, and the experimental results show the effectiveness of the 
algorithm. 

The physical properties of snow  
Falling snow will produce a blurred effect, the snow is like the snowline. Assuming that the 

exposure time is T, in order to determine the pixel intensity by the snowflake effect, we need to 
calculate the optical density of the whole time T. Assuming that τ stands for the time which pixel 
passed the snow. Because it is much shorter than T, so the intensity of light dI  is jointly composed 
of optical density optical density bgE and background of the snow dE : 
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If the background is slowly moving or stationary, during the exposure time of T, the above 
formula can be simplified to: 
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dE  refers to the average optical density of snow. If the pixel is not effected by snow, 
TEI bggb =                                                      (3) 

Therefore, a pixel intensity changes caused by the snow I∆ : 
0)( >−=−=∆ bgdbgd EEIII τ                                          (4) 
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The detection and removal of snow 
The snow is a researching object, which blocks the key objects. The detection and removal of 

snow is the emphasis of this paper, aiming at the deficiency of previous methods, puts forward the 
improved symmetrical frame differencing method to detect and remove snow, flow chart of basic 
method in figure 2. 

  Fig.2 Flow chart of snow removal 

 

                                            

 

Improved snow detection algorithm 
Symmetrical frame differencing method firstly smoothes three continuous frame images by 

denoising, then we can use the frame difference method processing and use the k frame minuses the 
k-1 frame, we can get the two value image ),(1 yxD , and then the k+1 frame minuses the k frame 
image , get the two value image ),(2 yxD , and then use ),(1 yxD  and ),(2 yxD to make “and” operation, 
and then use 2( , )D x y  and 3( , )D x y  to make “xor” operation , and then use 3( , )D x y  and 4( , )D x y  to 
make “and” operation we can get a symmetrical frame difference image. Formula is  
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3 2( , )D D x y∩1（x,y)=D (x,y)                                                   (7) 
24 ( , )D D x y⊗3（x,y)=D (x,y)                                                   (8) 

4( , )D D x y∩3（x,y)=D (x,y)                                                    (9) 
In the formula, T is the threshold value set in advance, according to the experience. If the 

selected T is too large, then the detection targets may appear larger holes even missing. If the 
selected T is too small, there will be a lot of noise. The method is fast, which can better detect the 
exact outline of the target and reduce the ghost phenomenon. 

Based on physical and optical model of the snow, we can use the appropriate constraint and the 
frame difference method to detect the pixel covered by the snow in each frame. According to the 
optical model, the snow will produce a positive change in the unit frame time on light intensity. If 
the background in the three frame is static, and  1−nI  and 1+nI must be equal, and the N frame in 
the snow caused by light intensity must satisfy the following constraint: 

cIIIII nnnn ≥−=−=∆ +− 11                                                 (10) 
   In order to make the removal of snow in video images much better, we improve the above 

method, we can use continuous five frames to process middle frame, the pixel point satisfies the 
constraint, or by continuous seven frames for processing middle frame, the pixel point satisfies the 
constraint: 

 cIIIII nnnn ≥−=−=∆ +− 22                                                  (11) 
 cIIIII nnnn ≥−=−=∆ +− 33                                             (12)                               
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The algorithm of snow removal 
Because the gray of pixels covered by snow is greater than the snow which is not covered by 

snow, so we can use the average corresponding pixel point brightness of available n-1 and n+1 
frame to replace the point, the formula can be expressed as follows: 

2/)( 11 +− += nnn III                                                          (13) 
In order to make the video images after snow removal look better, we improved the above 

method. We can use consecutive five or seven frames video image to handle intermediate frames, 
and then analyze the connection of pixel after improvement, the formula can be expressed as 
follows: 
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Also we can go to the sort of size corresponding pixel brightness section n-2, n-1, n+1 and n+2 
frame image ,and background pixels is relatively dark, and then use the brightness minimum point 
to replace the prime point, formula is as follows:  

],,,min[ 2112 ++−−= nnnnn IIIII                                      (16)             
For the video image after removing the snow, because of darkened snow weather, the image will 

have snow fog, so we can use the method to remove fog. We can use the defogging methods 
commonly to enhance the brightness of the image after removing snow. 

Analysis of experimental results 
Figure 4 shows the detection of snow, the improved detection method is better than the previous 

method ,the method can preserve the moving snow, interference the elimination from automobile 
and building in the picture, the shape and position of detection is more accurate. Figure 5 shows the 
removal of snow, the previous method is difficult to adapt to moderate snow and heavy snow, the 
proposed algorithm can remove most of the snow, and there is no obvious distortion situation, 
before and after removal of snow, the PSNR reaches 34.0343. 

 

                        
（a）original video frame  （b）frame differencing method    (c)  presented method  

Fig.4 Detection of snow in video images  
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(a) original video frame     (b)snow removal frame      (c)defogged frame 

Fig.5 The results of snow removal 

Summary 
This paper studies the snow in the video image, because of the physical characteristics and fast 

moving randomness, the snow video image restoration will be more difficult. Proved by 
experiments, the method presented in this paper can effectively detect and remove the snow in the 
video image, enhance the overall visual effect of video image under snow, retaining the important 
information, and restoration result is clear and natural, avoiding the distortion of video image. Also 
it can be widely used in other fast moving small objects in the natural environment, has a certain 
application value. 
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