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Abstract: Solar flare is one of the most violent explosions occurring in the local area of 

the solar atmosphere. It releases a large amount of energy in a short period of time, 

causing local heating in the local area and emitting various electromagnetic radiation 

outwards, accompanied by sudden increase of particle radiation. In recent years, the 

research on solar flares has also been favored by most researchers, but it is obscured 

by clouds during observation. The photographs of flares need to be processed before 

they can be used for research. In order to prevent the influence of cloud occlusion on 

the solar flare, based on the formation principle and its properties of cloud, the 

homomorphic filtering, wavelet transform and histogram matching model are 

established to de-cloud the solar flare image and improve the homomorphic filtering 

method. Objectively evaluate the advantages and disadvantages of the model and 

promote the application of the model. 
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1. Introduction 

The solar flare is one of the most violent explosions that occur in a local area of the 

sun's atmosphere. It releases a large amount of energy in a short period of time, 

causing local heating to occur instantaneously, emitting various electromagnetic 

radiation outwards, and accompanied by sudden increase in particle radiation. The 

flare mainly occurs in the sky above the sunspot group, which suddenly appears and 

develops rapidly, causing the local small area to suddenly brighten. The brightness is 

brightened several times or even several times in a few minutes, and then slowly 

recovers to the original within tens of minutes to 2 hours. Some brightness. The flare 

lasts for a few minutes to a few tens of minutes. In this short period of time, it can 
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release 1020~1025 joules of energy, which is equivalent to the energy released by the 

explosion of tens of billions of giant hydrogen bombs at the same time, or equivalent. 

The sum of the energy released by 100,000 to a million powerful volcanic eruptions 

shows its power. But for the huge energy of the sun, it is only about one 

ten-thousandth of the total energy of solar radiation. The solar atmosphere is full of 

magnetic fields. The more complex the magnetic field structure, the easier it is to store 

more magnetic energy. When there is too much magnetic energy stored in a magnetic 

field, energy is released through the solar burst, which is a form of solar burst activity. 

The occurrence frequency of flares showed a period of about 11 years with the change 

of solar activity week, and the location of the explosion showed the distribution of 

butterfly patterns with time. In the very years of solar activity, on average, flares of M 

grade and above occur every day; in the very small years of solar activity, there is no 

flare of M grade or above in almost all year round. In a solar activity week, flares of X10 

and above are about 10 times, X-rays are about 200, and M-class flares are about 2,000. 

Long-term observations have revealed that most of the flares occur above the sunspot 

group and are located between the top atmosphere of the sun chromosphere and the 

low corona. The more complex the structure of the sunspot group, the higher the 

chance of a large flare. On average, a normally developing sunspot produces a flare in 

just a few hours. In recent years, the research on solar flares has also been favored by 

most researchers, but the observations are blocked by clouds, and the photographs of 

the flares need to be processed before they can be used for research. 

 

2. Model assumptions 

(1) When the image is processed by homomorphic filtering, the scene is uniformly 

present. 

(2) There is no information loss when processing the solar flare image, and the image 

information does not change. 

(3) The homomorphic filtering method is based on an image model of incident light and 

reflected light. 

(4) While filtering out the cloud, it does not affect the surrounding cloudless area. 

 

3. Model preparation 

(1) Based on the principle of cloud formation and its properties, the cloud information 

in the visible light image has a relatively simple texture structure, a single tone - and a 

smooth transition, so it occupies the low frequency part of the image spectrum; in 

contrast, the texture of the feature information The structure is complex, rich in color 

and has obvious grayscale changes, occupying the high frequency part of the image 

spectrum. It can be seen that after dividing the spectrum of the remote sensing image 
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containing cloud information, the cloud information and the ground object information 

can be separated to some extent. The homomorphic filtering method is based on this 

idea, and the method of using the compressed brightness range and enhancing the 

contrast is removed. Cloud effects affect image quality. 

Homomorphic filtering is an image processing method that combines frequency 

filtering and gradation transformation. It relies on the illuminance/reflectance model of 

the image as the basis of frequency domain processing, and uses compressed 

brightness range and enhanced contrast to improve image quality. Using this method, 

the image processing can be made to conform to the nonlinear characteristics of the 

human eye for the brightness response, and the distortion of the Fourier transform 

process directly on the image is avoided. 

The basic principle of homomorphic filtering is to treat the pixel gray value as the 

product of the two components of illumination and reflectivity. Since the relative 

change in illuminance is small, it can be regarded as the low frequency component of 

the image, and the reflectance is the high frequency component. By separately 

processing the influence of illuminance and reflectivity on the gray value of the pixel, 

the purpose of revealing the detailed features of the shadow region is achieved. 

(2) Wavelet is a video atom based on functional analysis, harmonic analysis, and 

Fourier analysis. The window size of wavelet analysis is fixed, but its shape will change 

with the change of time and frequency. It is an analysis method that can use "large 

time window for low frequency components and hour window for high frequency 

components". When the wavelet is pushed to two dimensions, the wavelet transform 

method shows an incomparable powerful function in remote sensing image processing. 

 

4. Model 1: Homomorphic filtering 

The effects of noise in image degradation models can be attributed to multiplicative 

noise and additive noise, which can be additive noise. For the cloud area in the thin 

cloud image, the gray level distribution is uniform and the value does not change much. 

Because the gray value of the cloud area of the thin cloud image changes little, and the 

change value is much smaller than the multiplicative noise part, Ignore, there is image 

degradation caused only by multiplicative noise, although such processing will cause a 

certain noise loss, but in practice, noise separation is easier. The image model changes 

to: 

     , , ,i rf x y f x y f x y  

Among them,  ,if x y is the illumination component,  ,rf x y  is the reflection 

component, and  0 , 1rf x y   . 

The basis of the homomorphic filtering method is that after the image is divided, the 
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cloud information is mainly concentrated on the low frequency part. The main principle 

is: transform the image into the frequency domain by Fourier transform, select the 

appropriate filter to extract the relatively low frequency part of the thin cloud, then set 

the cutoff frequency of the filter to filter it, and carry out the necessary background 

enhancement on the filtered result. Then, the Fourier inverse transform is used to 

restore the image to the spatial domain, and finally the image of the thin cloud 

information is obtained. 

The method steps are as follows: 

(1) take the logarithm 

For the product of two functions, the Fourier transform is inseparable, so the 

illuminance and the frequency portion of the reflection cannot be directly separated. 

We can take the logarithm of the original image f(x, y). 

By separating the illuminance component and the reflection component, you get: 

       , ln , ln , ln ,i rz x y f x y f x y f x y    

(2) fourier transform 

They are transferred to the frequency domain by the Fourier transform. 

        ln , ln , ln ,i rF f x y F f x y F f x y   

If expressed by the frequency component, the above equation can be converted into 

an additive operation of the low frequency component and the high frequency 

component. The above formula can be simply recorded as: 

     , , ,Z u v I u v R u v   

(3) high-pass filtering 

Select the appropriate homomorphic filter, enhance the high frequency by high-pass 

filtering method, suppress the low frequency, and tell the cloud information in the 

image to be removed from the low frequency part to realize the image to cloud. 

             , , , , , , ,S u v Z u v H u v I u v H u v R u v H u v    

(4) fourier inverse transformation 

The image is restored using the Fourier inverse transform. 

              1 1 1, , , , , ,S x y F S u v F I u v H u v F R u v H u v      

Simplification is available: 

     ' ', ln , ln ,i rS x y f x y f x y   

(5) the result is exponentially transformed to obtain the final result. 

              ' ' ' ', exp , exp ln , exp ln , , ,i r i rg x y S x y f x y f x y f x y f x y    
 

 

5. Model 2: Wavelet Transform 

An image contains two parts, low frequency and high frequency, which can be divided, 
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and wavelet decomposition is performed on the image. After decomposition, four parts 

of LL1, LH1, HL1 and HH1 are obtained. : L represents the low-pass component, H 

represents the high-pass component, and the front-back component of each section 

corresponds to the vertical direction and the horizontal direction. Where LL1 is an 

approximation coefficient, and LH1, HL1, and HH1 correspond to respective wavelet 

coefficients. After another wavelet decomposition, LL1 obtains four parts of LL2, LH2, 

HL2, and HH2, and so on. After each wavelet decomposition, three sets of wavelet 

coefficients can be obtained, as shown in the figure: 

After the three decompositions, the highest layer approximation coefficient LL3 has the 

lowest frequency, and the Butterworth filter characteristic graph concentrates more 

than 90% of the image energy. 

After wavelet transform, the image can be decomposed into high-level detail 

coefficients, low-level detail coefficients and approximation coefficients of different 

levels. The high-level detail coefficients are lower in frequency and the lower-level 

detail coefficients are higher in frequency. From the previous analysis, it is known that 

the cloud information in the cloud image is mainly located in the low frequency part of 

the image, corresponding to the high-level detail coefficient after wavelet 

decomposition; the feature information is concentrated in the high-frequency part of 

the image, corresponding to the high-level detail coefficient after wavelet 

decomposition. It can be seen that wavelet decomposition can effectively separate 

cloud information and ground object information. Decrease the high-level detail 

coefficient, increase the low-level detail coefficient, and then do wavelet reconstruction 

to achieve the cloud. 

The de-clouding algorithm based on wavelet transform can be summarized as: 

(1) Wavelet decomposition of remote sensing images containing cloud information to 

obtain a set of high-level detail coefficients, low-level detail coefficients and an 

approximate detail coefficient; 

(2) reduce the high-level detail coefficient, the purpose is to weaken the cloud 

information; 

(3) increasing the lower layer detail coefficient in order to enhance the image detail 

information; 

(4) Wavelet reconstruction of the detail coefficients of each layer, and obtain the result 

image after the cloud removal. 

Wavelet fusion with the same principle of wavelet transform can completely recover 

the source image information through wavelet reconstruction without losing the 

spectral information of the image and without redundancy. 

Wavelet fusion is suitable for a wavelet decomposition, low-frequency fusion, and 

wavelet reconstruction process of outputting images. The method steps are as follows: 
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(1) Wavelet decomposition, obtaining low frequency components and high frequency 

components. 

(2) Convergence of low and high frequencies respectively. 

Fusion of low frequency components. The low frequency component contains most of 

the cloud information, and the fusion rules are as follows: 
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Among them, 
 ,I i j

is the fusion of low-frequency information, 1 2 1c c 
, ,A B are two 

worthy mask images. 

Fusion of high frequency components. Since the high-frequency component is mainly 

the feature information of the feature, in order to retain the energy of the two fused 

images more, the local energy fusion criterion is selected to fuse the two images. First, 

the energy sum of the two images is calculated. The calculation formula is as follows: 
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Then calculate the matching degree of the two images, and the calculation formula is 

as follows: 
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Calculate the weighted fusion coefficients of the two graphs based on the obtained 

matching degree. The calculation formula is as follows: 
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Finally, the high frequency component fusion result is implemented according to the 

fusion algorithm. 

       1 2, , 1 ,f i j W f i j W f i j      

(3) Wavelet reconstruction output image. 
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6. Model 3: Histogram matching to cloud method 

Set  iP i and  jP j  respectively represent the grayscale distribution probability 

density function of the source image and the desired image. The purpose of the 

histogram matching is to adjust the histogram of the source image to have the 

represented shape. Below we establish the relationship between  iP i and  jP j , first, 

the source image histogram is equalized, that is, the transformation function: 

   0

im T i P x dx    

Then, the desired image histogram gray level is equalized, namely: 

   0

jn T j P x dx    

The inverse transformation of the above formula is that after equalizing both the 

source map and the hope map, the two have the same probability density function, 

which can be replaced by the gray level after the source image equalization processing, 

that is: 

   1 1j G n G m    

This means that the gray level of the desired image can be calculated from the gray 

value of the image after the source image is equalized. 

In summary, the histogram matching cloud can be applied to a single remote sensing 

image, and can also be applied to two different cloud distributions and different phase 

flare images in the same region. In a single image, the use of histogram matching 

requires a premise: the occluded area of the flare image is related to the clear area 

features. The implementation method is: matching the histogram of the cloud area 

with the clear area as a reference to achieve the effect of removing the thin cloud. The 

two axes of the two-dimensional histogram are formed by two flare images of different 

time phases and different cloud distributions in the same region. By adjusting the 

threshold value, the pixel value of the cloudless image is used instead of the pixel value 

of the cloud image to remove the thin cloud. . 

 

7. Model improvement 

By introducing the principle and process of removing the cloud information from the 

homomorphic filtering method, we know that the logarithm operation of the initial 

image can realize the separation of low and high frequency components, and the 

high-pass filter can suppress the low-frequency information containing cloud 

information, thereby Achieve the purpose of removing cloud information. It can be 

seen that the key to the whole algorithm is the choice of filters. 

See related data know that commonly used high-pass filters are: ideal high-pass filter, 

Butterworth high-pass filter and Gaussian high-pass filter. Different cutoff frequencies 
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are selected, and the images obtained by image homomorphic filtering by three 

high-pass filters are different. As the cutoff frequency increases, the filtering result of 

the ideal high-pass filter will appear “ringing phenomenon” and the image will become 

blurred; the Butterworth high-pass filter has better filtering effect, and the filtered 

image is smoother and has no obvious “ Ringing phenomenon; the filtering effect of the 

Gaussian high-pass filter is smoother than that of the Butterworth filter, but the image 

details are lost more. 

Therefore, in order to reduce the effects of the ringing effect and retain as much detail 

as possible of the original image, we use a Butterworth filter with slow, smooth 

variation characteristics, in the form: 

2

0

1
( , )

1 [ / ( , )] n
H u v

k D D u v


  

In the original formula, ( , )D u v  cannot be 0. What is represented at this time is the DC 

component of the image. In image applications we know that the most basic 

information of an image is stored in this DC component. Therefore, filtering the 

cloud-containing image should minimize the weakening of the DC component to ensure 

the integrity of the basic information of the image and avoid image distortion caused by 

energy loss. So the following improvements are made to the Butterworth filter: 

2

0

1
      ( , ) 0

1 [ / ( , )]( , )

               1                     ( , ) 0

n
D u v

k D D u vH u v

D u v




 
   

It is worth noting that the filter has a step at zero, which causes filtering if the step is 

large. 

The appearance of the rear image "ringing effect". In order to avoid this, we take a 

relatively large value and make the following improvements to the filter: 

2

0

1
      ( , ) 0

1 [ / ( , )]( , )

                                    ( , ) 0

n
D u v

k D D u vH u v

k D u v




 
   

among them,  (0,1]k  

 

8. The advantages of this model 

In this paper, using MATLAB software, according to the corresponding processing of 

the solar flare pattern, the captured flare image can be used more advantageously as 

a research. A large number of relevant materials were consulted, and various practical 

model schemes were developed for the specific problems given in the questions. The 

advantages of the model are as follows: 

Advantage 1: The homomorphic filtering algorithm is used to eliminate the influence of 
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unclear solar flares due to cloud occlusion on the image, reduce the influence of strong 

illumination in the original image, and use the compressed brightness range to 

enhance the contrast to remove the cloud effect and improve the image. quality. 

Advantage 2: This article is mainly the processing of pictures, vivid image, simple ideas, 

simple operation, easy to understand, easy to promote and apply. 

Advantage 3: Using wavelet transform to process pictures, with zoom characteristics, 

high frequency resolution and low time resolution in low frequency range, low 

frequency resolution and draft time resolution in high frequency range. 

 

9. The shortcomings of this model 

Disadvantage 1: There are many complicated factors affecting the picture, and it 

cannot be considered comprehensively, and it is not consistent with the actual 

situation. 

Disadvantage 2: When the histogram matching method is used to go to the cloud, 

there is a significant edge transition problem between the processed thin cloud area 

and the clear area. 

 

10. The promotion of the model 

The graphical user interface designed for solar flare photos in this article can be used 

not only for the application of flare photos, but also for other landscapes, people and 

other images. Programs written can convert formats like this into a format that is easy 

to view. The homomorphic filtering, wavelet transform and histogram matching model 

established in the paper can be used for the processing of all image shadows, 

eliminating the problem of uneven photos, enhancing the image details of dark areas 

and enhancing the sharpness of graphics. 

 

11. Conclusion 

Through the model established in this paper, the influence of cloud occlusion on the 

research of solar flares can be effectively solved, which provides a convenient way to 

better study solar flares and explore the universe. On the other hand, it can also be 

used to process pictures of other landscapes and can be used in daily life.  
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