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Abstract:  While capturing SAR images, a special type of noise can degrade its quality by blurring the detail part of image and that 

noise is usually multiplicative speckle noise. The process of elimination of that speckle noise is called despeckling SAR images which 

helps to preserve details of image, after removing noise factor, like structures, edges, corners etc. In this paper, the combination of 

frost filter and bilateral filter is used. Initially, the Frost filter is applied on noisy SAR image and edge enhancement is performed on 

the output of frost filter. Furthermore, Haar wavelet is applied on output of frost filter and calculates the median of diagonal detailed 

part of the image. Calculate the standard deviation and sigmar value. Apply the bilateral filter on the output of frost filter. Calculate 

the method noise for restoring that part of noisy image which is unfiltered. At last perform the element-wise multiplication of output 

of the method noise and edge enhancement. The quality of image is compared on the basis of performance measures like PSNR, 

MSE, MSSIM and UIQI. The performance is compared with all other existing filters and results show that the proposed method has 

brilliant performance.    

 

Index Terms - Despeckling, Frost filter, Bilateral filter, Haar wavelet and SAR images. 

 

 

1. INTRODUCTION 

Remote sensing means the activities of recording or observing or sensing electromagnetic energy reflected back by an object or 

event or target which are at faraway places. The remote sensing is divided into two types i.e. passive and active remote sensing. A 

passive sensor system always requires an external energy source which is mostly sun and active sensor has its own energy source or 

illumination. . SAR has been commonly used for Earth remote sensing for more than 30 years. . Synthetic aperture means the total 

distance traversed by the antenna. The total distance traversed by the signal is twice the distance travelled between the radar and the 

object, as the signal first travels from the sensor (radar) to the target object and then receiving back signal from that object to the radar 

after reflecting back to radar. It is a kind of high-resolution radar which is capable of creating or maintaining the data of hundreds of 

megabits of per second which allows high speed of processing as well as fast image acquisition process. SAR uses its own rays for 

capturing the images. It also uses microwave spectrum as well as multi-frequency.SAR is used to create 2-D or 3-D images of objects 

or events, such as building. It also provides 4-D mapping (space and time), it has also the capability of penetrating through deep 

shallow of the earth surface or brushwood. SAR is usually used for moving platform, like aircraft or spacecraft.  

 

2. SPECKLE NOISE MODEL 
In case of SAR imaging speckle noise is occur due to coherent nature. "Speckle noise" is a particular type of noise which has 

specific distribution function. Radar waves can interacts destructively or constructively to generate dark and light pixels called 

speckle noise. It is commonly recognized in radar sensor systems, but it may be present in any kind of coherent radiation utilizing the 

remotely sensed image. Speckle noise is supposed to be multiplicative in nature and it must be checked before the final data has to be 

saved otherwise the noise can degrades the quality image. It is not the similar to additive white Gaussian noise, Poisson noise, salt and 

pepper noise, etc.  

Speckle noise in SAR images is considered as multiplicative noise; therefore the resultant or final signal is the product of original 

noise and speckle signal. Let us consider I (x, y) is the distorted or corrupted pixel of an observed target image and S (x, y) is the 

noise-free pixel of image which is to be recovered. According to this noise model, 

I (x, y) = S (x, y) * ƞ (x, y) 

ƞ (x, y) is the multiplicative noise. 

One common method to check the multiplicative noise is to transform the multiplicative model into an additive model, and after 

that apply each and everything you know very well from the additive noise model reduction field. You can perform this task easily by 

taking the logarithm of that signal, then filtering and at last the inverse log transformation.  

Log (I (x, y)) = log(S (x, y) * ƞ (x, y)) 

= log(S (x, y)) + log (ƞ (x, y)) 

There are mainly two types of speckle noise. Those are 

 Laser speckle 

 Dynamic speckle 

Laser speckle is a problematic effect which is caused by the interference of the light scattered or distributed from adjacent points 

of any given rough object surface and leads to a random distribution of  intensity. A laser speckle pattern is a pattern of intensity 
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which is formed by the mutual interference of a group of wave-fronts. Speckle patterns generally present in diffuse (distributed) 

reflections or rays of monochromatic light like laser light. When you have the illuminated surface that produces the speckle effect 

presents (shows) some kind of activity i.e. with time, the speckle pattern changes. This phenomenon of effect is known as dynamic 

speckle or sometimes called bio-speckle.  

 

3. GENERAL SPECKLE DENOISING TECHNIQUES: 

SAR images are mainly altered by multiplicative noise as compared to the additive noise. The multiplicative noise present in 

SAR image is called speckle noise. This noise creates difficulties in various processes, like analyzing, interpretation, classification and 

detection of the SAR images. Consequently, you need a pre-processing step in speckled SAR image before its usage.  

 Lee filter 

The Lee filters calculates the linear combination of the intensity of the centre pixel in a window of filter by calculating the 

average or mean intensity of the window for eliminating the speckle noise.  

R̂ (t) = I (t) * W (t) + I ̅(t) × [1-W (t)], 

Where R̂ (t) is the de-noised or noiseless image, I (t) is the corrupted image with speckle noise and Ī (t) is the average intensity of 

an image within the given filter window. W (t) is the weighted coefficient which is determined as: 

W(𝑡) = 1− 
Cu

2

CI
2(t)

 

Here cI (t) and cu are the variation in the coefficients of speckle u (t) and the image I(t) respectively:  

cu=  
σu

u̅
, cI (t)=  

 σI(t)

I̅(t)
 

 Median Filter                                                                                                         

The median filter is a spatial non-linear filter. In this filter the median value of neighbours of the window is calculated and that 

value is substituted at the centre of window to reduce the speckle noise. This filter works on the bases of the formula given below: 

𝑓(x y)=
𝑚𝑒𝑑𝑖𝑎𝑛

(𝑠,𝑡)∈𝑆𝑥𝑦
 {𝑔(𝑠, 𝑡)} 

    Where g(s, t) is the original image, Sxy represent the coordinates of rectangular window of an image. This filter normally 

removes short duration or impulse noise, but not well suited in removing speckle noise. 

 Mean Filter 

Mean filter is a kind of simple filter. It is a low pass filter that not only smoothen the image but also blur the edges as well as fine 

details of the image. The working of this filter includes the calculation of the mean value of the neighbour pixels in the filter window. 

Then the calculated mean is substituted on the place of vale of the centre pixel of the window. This filter is implemented by using the 

formula given below: 

𝑓(x,y)=
1

𝑚.𝑛
∑ 𝑔(𝑠, 𝑡)(𝑠,𝑡)∈𝑆𝑥𝑦

 

Where m.n is windows size of kernel, g(s,t) is the given original image, Sxy represents the coordinates of rectangular windows. 

 Frost Filter 

The Frost filter is a type of adaptive filter and is also exponentially weighted averaging filter which is determined by the 

coefficient of variation. The coefficient of variation is the ratio of the local mean to the local standard deviation of the given degraded 

image. This filter is implemented with the formula shown below:   

DN=∑ 𝑘𝛼𝑒−𝛼|𝑡|
𝑛∗𝑛  

Where k is constant of normalization, |𝑡| = |𝑋 − 𝑋0|+|𝑌 − 𝑌0|, 𝑛 is the size of moving window, 𝛼 is calculated as (4/𝑛𝜎′2).(𝜎2/�̅�2), 

𝜎 is local variance, Ī is local mean, 𝜎′ is coefficient of variation of an image. 

 Kuan Filter 

The Kuan filter converts the multiplicative noise model into the additive noise model which is signal dependent and after 

transforming, the MMSE (i.e. minimum mean square error) procedure is applied. Final equation of this filter is similar to the equation 

of Lee filter, but the W(t) (weight factor) is different: 

W(t)= 
1−

𝐶𝑢
2

𝐶𝐼
2(𝑡)

1+𝐶𝑢
2  

 Improved Lee Filter 

The improved Lee filter assumes that the image areas are usually classified into one of three classes’ type. First class includes all 

the homogenous areas in which the speckle noise is overcame by using simple low pass filter. Second class consists of all the 

heterogeneous areas; Lee filter equation is used for de-noising the speckle. Finally, the third class includes all isolated points, edges 

and other necessary features of an image with high variance. For third class, this filter recognizes or preserves original pixels from the 

observed image. These three classes can be written as: 

R̂ (t)={

𝐼(̅𝑡)                                    𝐶𝐼(𝑡) ≤ 𝐶𝑢

𝐼(̅𝑡)                               𝐶𝐼(𝑡) > 𝐶𝑚𝑎𝑥 ,

𝐼(𝑡). 𝑊(𝑡) + 𝐼(̅𝑡). 𝑊′(𝑡)   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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W (t)=exp(
−𝐾.[𝐶𝐼(𝑡)−𝐶𝑢]

𝐶𝑚𝑎𝑥−𝐶𝐼(𝑡)
) 

 Wavelet Based De-Noising 

Speckle noise is a component of high-frequency in the target image and so naturally it affects the certain coefficients of the 

wavelet. So the speckle noise can be eliminated by modifying of appropriate coefficients of the wavelet. In general, the process starts 

with calculating the DWT and after calculation, the coefficients of wavelet are modified or thresholded and at the end, the image is 

regenerated or reconstructed with the help of IDWT. The best thresholding methods are soft and hard thresholding are.  

Hard thresholding sets the value of all coefficients equal to zero when the coefficient lies in between -xthr and xthr and remains 

unchanged when greater than xthr according to the equation: 

      x’={
𝑥                              𝑓𝑜𝑟|𝑥| > |𝑥𝑡ℎ𝑟|

0                  𝑓𝑜𝑟−𝑥𝑡ℎ𝑟 ≤ 𝑥 ≤ 𝑥𝑡ℎ𝑟
 

In Soft thresholding method, if the value of coefficient is greater than threshold then subtract that threshold value from the value 

of any coefficient which is greater than the threshold. If the value of any coefficient is less than threshold then add that threshold 

value to value of any coefficient that is smaller than the threshold and remains zero if the value of coefficient is in between -xthr and 

xthr. 

x’ ={

𝑥 − 𝑥𝑡ℎ𝑟                   𝑓𝑜𝑟  𝑥 > 𝑥𝑡ℎ𝑟

0                         −𝑥𝑡ℎ𝑟 ≤ 𝑥 ≤ 𝑥𝑡ℎ𝑟

𝑥 + 𝑥𝑡ℎ𝑟                  𝑓𝑜𝑟 𝑥 < −𝑥𝑡ℎ𝑟

 

 Wiener Filter 

Wiener filter is developed mainly for removal or elimination of the additional Gaussian noise, so due to this reason it is not 

possible to use this filter directly for the speckle de-noising. It decreases the MSE between the desired process and the estimated or 

assumed random process. The method considers the noise and images as random variables, and the main objective of this filter is to 

discover the estimated value of 𝑓 of the uncorrupted or faultless image f so that the MSE (mean square error) in between them is 

lower or minimized. This measure of error is given by 

e2 =E {( f -𝑓)} 

Where E{.} is the expected or assumed value of argument 

�̂�(𝑢, 𝑣)=[
𝐻∗(𝑢,𝑣)𝑆𝑓(𝑢,𝑣)

𝑆𝑓(𝑢,𝑣)|𝐻(𝑢,𝑣)|2+𝑆ƞ(𝑢,𝑣)
] 𝐺(𝑢, 𝑣) 

H(u,v) is degradation function 

H*(u,v) is the complex conjugate of H(u,v) 

|H(u,v)|2= H*(u,v) H(u,v) 

Sƞ(u, v)=|N(u,v)|2 is the power spectrum of noise 

Sf(u, v)=|F(u,v)2| is the power spectrum of faultless or un-degraded image 

 

 Speckle Reduction Anisotropic Diffusion (SRAD) 

SRAD method was custom-made directly for radar imaging and the ultrasound applications. It uses instantaneous which is the 

function of magnitude, local gradient and Laplacian operators. Yongjian et al. makes allegation that SRAD method is better than the 

classical anisotropic reduction method at that time when the image is distorted by speckle noise. This method is based on PDE (partial 

different equation) that includes the image gradient, image intensity and Laplacian. 

 

4. PROPOSED METHODOLOGY 

The proposed method works on the basis of frost and bilateral filter. The whole algorithm is given as under: 

Input: Speckled SAR image 

Output: Despeckled SAR image 

1 Apply Frost filter on Input Image and its output is denoted as Foutput.  

2 Apply the Edge enhancement on Foutput, and get Eoutput. 

3 Apply Haar wavelet on Foutput. 

3.1 Calculate the median of the diagonal detailed part of the image using the formula: 

y[m,n] = median { x [i,j], (i,j) ɛ W} 

   where W is neighbourhood mask decided by user and it is centred around [m,n].  

3.2 Calculate the standard deviation using formula: 

SD = [median(|x(m,n)|) / 0.6745] 

3.3 Calculate the value of sigmar using the formula given below: 

Sigmar = multi_factor_sigmar * SD 

3.4 Apply the Bilateral filter on Foutput by using the sigmar, sigmas and ksize value. Output image is Boutput 

4 Apply method noise 

(a) Calculate S by Subtracting Boutput from Foutput get S, as  S= Foutput - Boutput. 

(b) Apply Step-3 on S and resultant is E. 

(c) Add S and E to get G, as G=S+E. 
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5 Apply Element-wise multiplication on Eoutput and G to get Final= Eoutput .* G 

 

5. EXPERIMENTAL RESULTS 
To conduct the experiment, I have proposed a method which uses Frost filter at initial stage. The size of mask for Frost filter is 

3*3. On the other side, edge enhancement has been conducted on the output of Frost filter. The Haar Wavelet is also applied on the 

Frost filter’s output and it segmented the image into four parts i.e. approximation, horizontal, vertical and diagonal part. In my 

experiment I have considered the diagonal part. The values of sigmas, ksize and multi_factor_sigmar are set as 0.5, 3 and 3 

respectively. The visual quality of all filters goes on decreasing when the noise variance is increased but the visual quality of output 

image of proposed method is still good to identify the object in the image. 

The experimental results are shown under in figures. The fig 5.1 and 5.2 shows the results of one SAR image at different noise 

variance i.e. 0.004 and 0.01. The fig 5.3 and 5.4 shows the results at same noise variance. In fig 5.5 and 5.6, the behavior of different 

filters is shown. Furthermore fig 5.7 and 5.8 displays the output of different filters at different NV. 

Similarly, the values of different performance measures are shown in the form of tables. In table 5.1, the value of PSNR is shown 

and the MSE value of different filters is shown in table 5.2 and the value of MSSIM is shown in table 5.3 and table 5.4 displays the 

value of UIQI. The highest values of PSNR are bolded whereas the lost values in MSE table are also bolded. In most of the cases, the 

proposed method works well. 

 

 
Fig. 5.1 SAR-1 results of different filters at noise variance 0.004 

 
Fig. 5.2 SAR-1 results of different filters at NV 0.01 
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Fig. 5.3 SAR-2 results of different filters at noise variance 0.004 

 
Fig. 5.4 SAR-2 results of different filters at noise variance 0.01 

 
Fig. 5.5 SAR-3 results of different filters at noise variance 0.004 
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Fig. 5.6 SAR-3 results of different filters at noise variance 0.01 

 

 
Fig. 5.7 SAR-4 results of different filters at noise variance 0.004 

 
Fig. 5.8 SAR-4 results of different filters at noise variance 0.01 
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Table 5.1 PSNR table of despeckled different SAR images 

PSNR Table 

Image  Noise Variance 0.004 0.01 0.02 0.03 0.04 0.05 

SAR-1 

HMF 31.0255 29.2890 27.5286 26.3348 25.4497 24.7325 

Frost 27.0342 26.8891 26.7104 26.5324 26.3699 26.1608 

Log Com. 23.9408 23.8021 23.5954 23.3997 23.1813 22.9752 

Kuan 28.7740 28.3289 27.7329 27.0809 26.8734 26.3250 

Kuwahara 31.6601 27.7047 24.7321 23.0092 21.7852 20.8581 

SRAD 32.5502 29.0241 26.1981 24.5014 23.2891 22.3522 

Ani. Diff. 27.8642 25.9549 22.6163 19.3955 17.3149 16.0048 

Proposed 33.2608 30.7433 29.7683 29.0065 28.4035 27.8461 

SAR-2 

HMF 29.1800 27.5341 25.7883 24.6347 23.7406 23.0089 

Frost 25.7505 25.6682 25.7939 25.3491 25.2046 25.0292 

Log Com. 22.7780 22.7244 22.6060 22.4905 22.3377 22.1916 

Kuan 28.4579 27.82221 27.0775 26.3670 25.9310 25.3670 

Kuwahara 29.6181 25.6735 22.6667 20.9386 19.6994 18.7661 

SRAD 30.6817 27.1165 24.2184 22.5108 21.2691 20.3245 

Anisotropic 

Diffusion 
22.9097 21.6214 19.2028 16.6573 14.9185 13.9608 

Proposed 31.7737 27.8874 27.0853 26.4150 26.0244 25.4797 

SAR-3 

HMF 22.9936 22.6963 22.2534 21.8239 21.4745 21.1430 

Frost 20.5206 20.5073 20.4885 20.4570 20.4281 20.3978 

Log Com. 19.2868 19.2424 19.1493 19.0816 18.9966 18.9272 

Kuan 22.2015 22.0953 21.9277 21.7648 21.6094 21.4558 

Kuwahara 31.0445 27.1241 24.1987 22.4782 21.3136 20.3837 

SRAD 30.2241 27.5440 25.1124 23.5448 22.4628 21.5718 

Ani. Diff. 16.3277 15.8908 15.6165 14.8385 14.5268 14.3657 

Proposed 31.4368 27.5553 25.5578 24.1561 23.2184 22.4475 

SAR-4 

HMF 29.4703 27.9124 26.3629 25.2661 24.4448 23.7862 

Frost 24.7341 24.7046 24.6634 24.6171 24.5507 24.5002 

Log Com. 22.7136 22.6823 22.6265 22.5488 22.4767 22.3536 

Kuan 27.6943 27.3332 26.9310 26.4906 26.0528 25.6301 

Kuwahara 31.0156 27.0553 24.0570 22.2909 21.0516 20.0812 

SRAD 31.8420 28.3830 25.5530 23.8285 22.5922 21.6162 

Ani. Diff. 19.7011 18.8632 17.4568 16.0649 15.0139 14.3667 

Proposed 32.5180 29.7654 26.9131 26.4957 26.0952 25.6827 

Table 5.2 MSE table of despeckled different SAR images 

MSE Table 

Image  Noise 

Variance 
0.004 0.01 0.02 0.03 0.04 0.05 

SAR-1 

HMF 51.3490 76.5919 114.8749 151.2182 185.4001 218.6920 

Frost 128.7251 133.0964 138.6881 144.4898 149.9996 157.3995 

Log Com. 262.4202 270.9392 284.1456 297.2412 312.5732 327.7637 

Kuan 86.2348 95.5409 109.5955 127.3468 133.5796 151.5569 

Kuwahara 44.3676 110.3098 218.7133 325.2099 431.0866 533.6658 

SRAD 36.1461 81.4092 156.0511 230.6441 304.9106 378.3170 

Ani. Diff. 106.3318 165.0400 355.9966 747.3582 1.2067e+03 1.6315e+03 

Proposed 30.6902 54.7965 68.5890 81.7399 93.9130 106.7744 

SAR-2 

HMF 78.5385 114.7274 171.4945 223.6704 274.8038 325.2266 

Frost 172.9925 176.3033 183.5235 189.7470 196.1632 204.2498 

Log Com. 342.9925 347.2517 356.8426 366.4616 379.5879 392.5705 

Kuan 92.7454 104.7226 127.4476 150.0991 165.9529 188.9637 

Kuwahara 71.0027 176.0869 351.8888 523.8683 696.8559 863.9196 

SRAD 55.5792 126.3079 246.1744 364.7583 485.4766 603.4299 
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Ani. Diff. 332.7437 447.6529 781.2749 1.4039e+03 2.0952e+03 2.6122e+03 

Proposed 43.2227 104.7655 127.2174 148.4512 162.4208 184.1254 

SAR-3 

HMF 326.3756 349.5024 387.0249 427.2581 463.0540 499.7792 

Frost 576.7925 578.5581 581.0738 585.3092 589.2070 593.3345 

Log Com. 766.2969 774.1781 790.9503 803.3787 819.2648 832.4591 

Kuan 391.6767 401.3785 417.1683 433.1075 448.8870 465.0502 

Kuwahara 51.1246 126.0871 247.2942 367.4983 480.5337 595.2645 

SRAD 61.7546 114.4666 200.3720 287.4745 368.8102 452.7887 

Ani. Diff. 1.5146e+03 1.6749e+03 1.9118e+03 2.1342e+03 2.2930e+03 2.3796e+03 

Proposed 46.7090 114.1704 180.8437 249.7303 309.9118 370.1059 

SAR-4 

HMF 73.4592 105.1576 150.2408 193.4049 233.6686 271.9309 

Frost 218.6099 220.0984 222.1987 224.5804 228.0375 230.7079 

Log Com. 348.1167 350.6273 355.1636 361.5788 367.6333 378.2002 

Kuan 110.5739 120.1613 131.8188 145.8898 160.9922 177.8564 

Kuwahara 51.4659 128.0999 255.4948 383.6992 510.4107 638.2031 

SRAD 42.5480 94.3585 181.0412 269.2982 357.9806 448.1845 

Ani. Diff. 696.5832 844.8033 1.1679e+03 1.6091e+03 2.0497e+03 2.3791e+03 

Proposed 36.4148 68.6339 132.3650 145.7177 159.7922 175.7163 

Table 5.3 MSSIM table of despeckled different SAR images 

MSSIM Table 

Image  Noise 

Variance 
0.004 0.01 0.02 0.03 0.04 0.05 

SAR-1 

HMF 0.9052 0.8533 0.7832 0.7286 0.6845 0.6486 

Frost 0.8235 0.8193 0.8127 0.8069 0.8015 0.7935 

Log Com. 0.7777 0.7351 0.6771 0.6317 0.5917 0.5600 

Kuan 0.9271 0.9076 0.8775 0.8508 0.8277 0.8051 

Kuwahara 0.8794 0.7604 0.6330 0.5486 0.4887 0.4427 

SRAD 0.9050 0.8099 0.6978 0.6173 0.5574 0.5099 

Ani. Diff. 0.8785 0.8194 0.6322 0.3865 0.2466 0.1815 

Proposed 0.9343 0.9133 0.8870 0.8582 0.8394 0.8183 

SAR-2 

HMF 0.8662 0.8064 0.7299 0.6758 0.6327 0.5945 

Frost 0.7173 0.7153 0.7093 0.7052 0.7001 0.6939 

Log Com. 0.6008 0.5983 0.5952 0.5935 0.5923 0.5889 

Kuan 0.8970 0.8750 0.8425 0.8151 0.7902 0.7661 

Kuwahara 0.8769 0.7571 0.6295 0.5464 0.4864 0.4395 

SRAD 0.8963 0.7971 0.6827 0.6035 0.5441 0.4963 

Ani. Diff. 0.7409 0.6352 0.4135 0.2436 0.1765 0.1541 

Proposed 0.9221 0.8766 0.8428 0.8178 0.7953 0.7726 

SAR-3 

HMF 0.7888 0.7763 0.7578 0.7402 0.7274 0.7149 

Frost 0.5838 0.5846 0.5862 0.5862 0.5862 0.5876 

Log Com. 0.5283 0.5270 0.5234 0.5213 0.5173 0.5154 

Kuan 0.7467 0.7422 0.7355 0.7282 0.7214 0.7152 

Kuwahara 0.9746 0.9315 0.8954 0.8565 0.8251 0.7963 

SRAD 0.9665 0.9325 0.9008 0.8668 0.8390 0.8130 

Ani. Diff. 0.4454 0.4173 0.4018 0.4024 0.4132 0.4251 

Proposed 0.9750 0.9357 0.9044 0.8758 0.8528 0.8315 

SAR-4 

HMF 0.8688 0.8152 0.7525 0.7030 0.6638 0.6320 

Frost 0.6046 0.6047 0.6060 0.6076 0.6067 0.6072 

Log Com. 0.5080 0.5079 0.5095 0.5104 0.5106 0.5114 

Kuan 0.8502 0.8355 0.8149 0.7924 0.7763 0.7602 

Kuwahara 0.9142 0.8219 0.7156 0.6389 0.5808 0.5345 

SRAD 0.9240 0.8489 0.7569 0.6871 0.6319 0.5871 

Ani. Diff. 0.4804 0.3800 0.2408 0.1727 0.1540 0.1558 

Proposed 0.9360 0.8847 0.8127 0.7939 0.7765 0.7614 

Table 5.4 UIQI table of despeckled different SAR images 
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UIQI Table 

Image  Noise 

Variance 
0.004 0.01 0.02 0.03 0.04 0.05 

SAR-1 

HMF 0.9988 0.9982 0.9971 0.9960 0.9950 0.9940 

Frost 0.9961 0.9960 0.9957 0.9954 0.9951 0.9948 

Log Com. 0.9882 0.9879 0.9872 0.9866 0.9859 0.9852 

Kuan 0.9986 0.9983 0.9977 0.9970 0.9965 0.9959 

Kuwahara 0.9994 0.9988 0.9977 0.9965 0.9953 0.9942 

SRAD 0.9995 0.9989 0.9980 0.9970 0.9962 0.9952 

Ani. Diff. 0.9975 0.9958 0.9920 0.9860 0.9792 0.9724 

Proposed 0.9993 0.9982 0.9980 0.9974 0.9966 0.9960 

SAR-2 

HMF 0.9980 0.9974 0.9964 0.9957 0.9944 0.9935 

Frost 0.9941 0.9939 0.9937 0.9932 0.9936 0.9928 

Log Com. 0.9853 0.9848 0.9842 0.9836 0.9806 0.9821 

Kuan 0.9978 0.9976 0.9967 0.9962 0.9969 0.9951 

Kuwahara 0.9995 0.9989 0.9977 0.9965 0.9955 0.9942 

SRAD 0.9993 0.9988 0.9978 0.9970 0.9961 0.9952 

Ani. Diff. 0.9936 0.9920 0.9881 0.9821 0.9756 0.9703 

Proposed 0.9992 0.9974 0.9967 0.9970 0.9954 0.9953 

SAR-3 

HMF 0.9770 0.9762 0.9735 0.9739 0.9741 0.9716 

Frost 0.9573 0.9664 0.9618 0.9670 0.9645 0.9675 

Log Com. 0.9601 0.9627 0.9614 0.9587 0.9529 0.9601 

Kuan 0.9644 0.9617 0.9610 0.9614 0.9643 0.9600 

Kuwahara 0.9989 0.9978 0.9953 0.9925 0.9907 0.9904 

SRAD 0.9974 0.9963 0.9939 0.9899 0.9894 0.9883 

Ani. Diff. 0.9087 0.9130 0.9046 0.9046 0.9082 0.9040 

Proposed 0.9943 0.9914 0.9044 0.9871 0.9864 0.9905 

SAR-4 

HMF 0.9971 0.9968 0.9950 0.9945 0.9920 0.9905 

Frost 0.9904 0.9910 0.9902 0.9900 0.9893 0.9892 

Log Com. 0.9809 0.9802 0.9813 0.9810 0.9775 0.9801 

Kuan 0.9961 0.9960 0.9952 0.9944 0.9927 0.9927 

Kuwahara 0.9992 0.9964 0.9948 0.9940 0.9951 0.9934 

SRAD 0.9990 0.9993 0.9971 0.9945 0.9948 0.9949 

Ani. Diff. 0.9830 0.9812 0.9792 0.9749 0.9723 0.9733 

Proposed 0.9989 0.9981 0.9972 0.9946 0.9937 0.9934 

6. OVERALL PERFORMANCE OF DIFFERENT FILTERS 

The performance of different despeckling methods is shown below. Different performance measures are shown in different 

figure. Numbers of images are considered to compare filters. The database of 35 images are considered to conduct the experiment and 

the value of parameter measures all filters is displayed and it is proved that the proposed method has best among all. In fig. 6.1, the 

PSNR value of different filters is displayed. The fig. 6.2 displays the MSE value and the fig 6.3 represents the MSSIM value whereas 

in fig 6.4, the UIQI value of different filters is displayed.  
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Fig 6.1 PSNR value of different filters at NV 0.02 

 
Fig. 6.2 MSE values of different filters at NV 0.02 

 
Fig. 6.3 MSSIM values of filters at NV 0.02 
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Fig. 6.4 Graphical representation of UIQI value 

 

7. CONCLUSION 
Various filters are available for denoising the SAR image. Those filters are Lee filter, Mean filter, Median filter, Frost filter, 

Kuan filter, Improved Lee filter, Wavelet based de-noising, Wiener filter, Speckle Reduction Anisotropic Diffusion, Gamma-MAP 

Filter, etc. The comparison of different filters can be made on the basis of different performance measures i.e. PSNR, MSE, SSIM and 

UIQI. I have proposed a method for despeckling the noisy SAR image. The procedure of proposed approach is: initially the noisy 

SAR image is taken as input. Apply the Frost filter on input noisy SAR image. Haar wavelet as well as edge enhancement is applied 

on the image produced by the Frost filter. The diagonal part is selected for further processing. After applying Haar, the median of the 

diagonal part of the image is calculated and by using that median, the standard deviation is calculated and at last the value of sigmer is 

calculated by using standard deviation. Then bilateral filter is applied on the output image generated with the help of Frost filter along 

with sigmar, sigmas and ksize value. Method noise is applied and at last the element-wise multiplication of output of method noise 

and edge enhancement has taken place. In most of the cases, the output image of proposed method has highest PSNR value and best 

visual quality as compared to all other denoising filters. In future we will try to enhance the features near the edges where the 

proposed method not works well sometimes and also enhance the quality in homomorphic regions. 
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