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Abstract: SAR images are corrupted by speckle inherently due to the echoes from rough surfaces. Adaptive 

shrinkage algorithm based denoising and analysis in transform domain is presented in this paper. The method is 

applied for multiple SAR images under varying constraints and noise densities. The method is evaluated with DWT, 

CT, NSST transom domains with certain quality metrics. Experimental results show that the proposed adaptive 

approach within NSST domain attains more promissory results. It was observed that the proposed approach in 

NNST domain gaining approximately an improvement of about 10 % when compared against the wavelet and 

contourlet transforms. The results are evaluated for standard publicly available database for KU band region. 

Though there are upcoming algorithms with deep learning this approach is sustainable to achieve competitive 

results  
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1. Introduction  

SAR (synthetic Aperture Radar) is an imaging radar system mounted on a moving platform. It is 

mostly an airborne radar system which captures the images either in 2D or 3D. The images are 

captured using the reflected echoes from the rough surfaces which are transmitted electro-

magnetically through free space [1]. During this process some extraneous components are 

integrated with the returned signals which in turn form noise. Restoring the original content that 

were contaminated by some extraneous noises is an important problem in SAR image research 

analysis. One of the famous approaches followed in earlier research was multi look incoherent 

averaging [2] which is employed to minimize the speckle content; however this approach 

reduces the SAR image resolution. 

Frequency domain filtering is often required when more advanced computer vision tasks are of 

demand. The families of wavelet transforms are mainly applied to extract the composite rich 

feature components from the images. Wavelets allow both time and frequency analysis of signals 

simultaneously because of the fact that fact that the energy of wavelets is concentrated in time 

and still possesses the wave-like (periodic) characteristics, Multi resolution analysis (MRA) 

theory is been combined with discrete wavelet transform to play a critical role in image 

processing [2]. 

In this paper a new adaptive thresholding based shrinkage algorithm is proposed, and this 

algorithm is tested for available SAR images with varying noise densities. As mentioned in [2] 

about MRA, in this work three transformations are performed discrete wavelet transform (DWT), 
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Contourlet transform (CT) and non sub sampled shearlet transform (NSST). The algorithm could 

able to attain better results even at 50 % of the noise density, making it more superior than 

traditional shrinkage algorithms. 

This paper is organized as follows, section 1 presents the importance of the work and its 

necessities, section 2 presents about the previous work performed by different researchers and 

their conclusions, section 3 presents the concept of adaptive thresholding, section 4 presents the 

proposed approach and its process and section 5 presents the experimental results that were 

obtained for the proposed approach. 

2. Related Work 

In recent times a lot of research is conducted on denoising of the SAR images, some of them 

which are correlated with the present research were discussed in this section. 

In [4], [5], non-local means is applied to SAR image denoising by improving anisotropic 

diffusion filtering and using stochastic distances. 

In [6], non-local means is applied to transform domain called BM3D, which can get a perfect de-

noising effect. With some improvements in non-local de-noising based on transform domain 

such as improved in computing speed presented in [7]. 

In [8] Gagnon et.al despeckling of SAR images using complex wavelet transforms. In the 

method elliptical soft thresholding approach is implemented for thresholding. The results were 

considerably better when compared with earlier methods it results in heavy computational load. 

In [9] Peng et.al, proposed Bayesian shrinkage method based along with a edge detector to 

preserve the edge content of the images. 

 In [10] Chitroub et.al, analyzed the problem of denoising as function of K-distribution where the 

parameters are derived from boot strap method in coordination with Monte Carlo iterations.  The 

execution of this approach is more efficient but it is very sensible. 

 In [11] Achim et.al, presented an adaptive MAP estimator with a heavy tailed Rayleigh signal 

model where the multiplicative speckle noise is converted into additive by applying a 

logarithmic transformation. In [12] Hou et.al, proposed a very effective non sub sampled based 

shearlet transform to denoise the SAR images. The approach is used to classify the transformed 

coefficients into classes having different degrees of heterogeneity that are used to reduce the 

shrinkage ratio for heterogeneity regions and preserve the details. 

In [17] Fan et.al, proposed algorithm for SAR image registration, which combines SIFT, 

nonlinear diffusion and phase congruency. The phase congruency information at each key point 

is used as a cue for rejecting the false key points. By analyzing the phase congruency 

information of key points, the method has a remarkable improvement in match accuracy. 
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3. Adaptive thresholding  

Speckle noise is a multiplicative noise represented mathematically as  

𝐺 𝑥,𝑦 = 𝐹 𝑥, 𝑦 ∗ 𝑁(𝑥,𝑦)                 (1) 

Where ‘G’ is the degraded image, ‘F’ represents the radar scattering of ground targets and ‘N’ 

represents the speckle noise. The coefficients obtained after the transform domain can be 

represented as  

𝐺𝑖 ,𝑗 = 𝐹𝑖 ,𝑗 + 𝑁𝑖 ,𝑗                    (2) 

Where ‘i’ represents the scale and ‘j’ represents the direction. In order to calculate the adaptive 

threshold first it is necessary to estimate the noise variance and the noise variance of the above 

mathematical expression can be represented as 

𝜎𝐺
2 = 𝜎𝐹

2 + 𝜎𝑁
2                    (3) 

Using median absolute deviation (MAD) noise variance can be estimated as [13] 

𝜎 𝑁 =
𝑚𝑒𝑑𝑖𝑎𝑛 ( 𝐺𝑖 ,𝑗  )

0.6745
                 (4) 

Though the denoising can be performed using the above estimated noise variance but it may not 

give the best results due to non correlation of points at different sub bands, in order to improvise 

the variance of ‘G’ is estimated  approximately using the following equation  

𝜎 𝐺
2 =

1

𝑁2
  |𝐺𝑖 ,𝑗 (𝑘, 𝑙)|2𝑁

𝑙=1
𝑁
𝑘=1                   (5) 

𝜎𝐹
2 = max 𝜎 𝐺

2 − 𝜎 𝑁
2 , 0)                  (6) 

Where the variance is approximately calculated with a sliding window of length ‘N’, the 

threshold for denoising the image can be estimated as 

𝑇 𝑖 ,𝑗 =
𝜎 𝑁

2

𝜎 𝐹
2 =  

𝜎 𝑁
2

 max 𝜎 𝐺
2
−𝜎 𝑁

2
 ,0)

                  

(7) 

4. Proposed Approach  

The block diagram below depicts the proposed approach of the work  

 

 

Figure 1: Block diagram of the proposed approach 
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The algorithm of the proposed approach is as follows 

 Perform MRA to SAR image at „J‟ scales  

 Let {𝑆 𝑗
𝑑 } represents sub band coefficients at „j‟ scale and d=1,2…Dj 

 Estimate the noise variance and adaptive threshold using the equation presented in 

section 3 

 Perform soft thresholding [14] with the obtained threshold using adaptive thresholding 

approach  

 Apply Inverse MRA  for each sub band to retain the spatial SAR image points  

In the above algorithm, we use four decomposition levels in all transformation decompositions, 

that is J=4. It seems that using more levels does not improve the despeckling performance 

 

5. Experimental Results  

To evaluate the performance of the proposed approach the experiments were conducted with 

SAR image available at [15]. There are six different bands in which for the analyses, KU band is 

considered. The images are resized to 512x512 and the proposed approach is applied to its 

normalized values. The quality index proposed in [16] is also calculated for the denoised images.  

                    

                            (a) Original Image      (b) Noisy degraded image with sigma=5 

   

(c) With DWT          (d) With CT         (e) With NSST 
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Figure 2: Outputs obtained for Ku-band SpotDwell image of a building at Jacksonville 

Naval Air Station, (a) Original Image (b) Degraded Noisy image with SD=5 (c) Denoised with 

adaptive thresholding in DWT domain (b) In CT domain (d) In NSST domain 

Image Noisy Image DWT-Domain CT-Domain NSST-Domain 

 
(a1) 

 
(b1) 

 
(c1) 

 
(d1) 

 
(e1) 

 
(a2) 

 
(b2) 

 
(c2) 

 
(d2) 

 
(e2) 

 
(a3) 

 
(b3) 

 
(c3) 

 
(d3) 

 
(e3) 

 
(a4) 

 
(b4) 

 
(c4) 

 
(d4) 

 
(e4) 

Figure 3: (a1)-(a4) : Original images , (b1)-(b4) : Degraded Noisy images with noise density 10 

(c1)-(c4) : Denoised with adaptive thresholding in DWT domain (d1)-(d4) : with Contourlet 

Transform domain (e1)-(e4) : Non-Sub Samples Shearlet transform domain  

Multiple Images of ‘KU’ band were considered for experimental analysis purpose which are 

available at [15]. It was observed from the results that the Gaussian noise which is assumed to be 

inserted during the transmission has been reduced significantly with NSST based thresholding 
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approach. However, it is recommended that the texture content of the mages has to be preserved 

in order to retain finer details in the images. 

Test Image: Ku-band SpotDwell image of a building at Jacksonville Naval Air Station 

Table 1: Performance metric analysis for proposed approach in DWT domain 

Noise Density PSNR MSE SSIM Quality Index 

10 24.12 0.0039 0.997 0.4002 

20 23.40 0.0046 0.996 0.3866 

30 23.44 0.0045 0.996 0.378 

40 20.98 0.0080 0.991 0.356 

50 23.20 0.0048 0.996 0.3601 

 

Table 2: Performance metric analysis for proposed approach in CT domain 

Noise Density PSNR MSE SSIM Quality Index 

10 30.98 0.00079 1.00 0.6775 

20 27.40 0.0018 0.99 0.5745 

30 26.46 0.0023 0.99 0.5168 

40 25.53 0.0028 0.99 0.4703 

50 24.05 0.0039 0.998 0.427 

 

Table 3: Performance metric analysis for proposed approach in NSST domain 

Noise Density PSNR MSE SSIM Quality Index 

10 33.85 0.0004 0.964 0.7149 

20 32.29 0.0006 0.947 0.6241 

30 31.31 0.0007 0.934 0.5591 

40 30.69 0.0009 0.921 0.5028 

50 30.07 0.0010 0.915 0.4630 

 

From the observations under varying noise density it is evident that denoising with NSST 

domain attained higher PSNR values that varied from 34 dB to 30dB with the variation of noise 

density from 10 to 50, it is clear that even though the image is corrupted with more noise content 

it able to attain a considerable quality. On other hand, the quality metric of the image is attained 

between 0.72 to 0.45, it means that, though there is greater degradation in the image the observer 

could able to distinguish the objects in it which is the unique achievement with the proposed 

approach. The performance analysis and its variation are tabulated and shown in the figure 4 and 

5.     
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Figure 4: PSNR comparative analysis for three domains 

 

Figure 5: QI comparison for three domains 

6. Conclusion  

This paper presents an adaptive thresholding approach based speckle noise mitigation of SAR 

images in transformation domain.  It is observed from the experimental results that the proposed 

approach is obtaining satisfactory results when tested with different SAR images which are 

available at [15] for KU band. Different statistical metrics were evaluated and observed that even 

at high density of noise the similarity index is attaining above 90% which is good achievement. 

Further this approach has to be compared with different transformations. When compared in 

between three transformation NSST gain around 10~12 % in terms of quality index and 8~10 % 

in terms of PSNR. From this analysis it can be concluded that this method can be incorporated 
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for real time different band SAR images. These advancements show that this approach of 

processing with multi resolution transform analysis achieves greater results with competitive 

deep learning methods. Yet in this article we have not compared with deep learning methods 

which can be further extended in future works.  
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