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Abstract—In synthetic aperture radar (SAR) imaging, the 

transmitted microwave pulses from space born antenna 

interacts with ground objects and returned energy or back 

scattered energy will be collected to get backscattered 

image. In SAR image processing, a not anticipated noise 

(speckle noise) is added due to the coherent imaging 

system, which makes the image analysis troublesome. For 

better SAR image processing, the noise is to be removed 

or minimized in the begging stages of pre-processing and 

texture features are to be effectively maintained. The 

wavelet based Block Matching 3D (BM3D) method is 

normally considered as the state of art technique in the 

area of denoising of images. This method generally 

depends on up and down sampling conversion. In this 

paper, it is proposed a denoising technique which is 

independent on sampling conversion, so that texture 

features can be maintained, in which the speckle noise is 

reduced to the maximum extent. 

 
Index Terms—BM3D, Image, SAR, Speckle, Wavelet. 

 

I.  INTRODUCTION 

The interest on Synthetic Aperture Radar images has 

been growing for the last few years due to its significance 

in a variety of applications such as mapping, search-and-

rescue and target recognition. It is an active imaging 

process that uses the motion of a radar with physical 

aperture antenna mounted on a platform, such as an 

aircraft or a satellite, to synthesize the effect of a long 

aperture in order to attain the high resolution of a virtual 

focused array system with a much larger aperture. 

The observation of the earth from some safe ground 

has always been an important task from the earliest times 

in human history. The high ground has been extended 

from trees to early observation balloons, reconnaissance 

aircraft, and finally to cameras in space. This desire to 

view the earth has been extended to the observation of 

things in ways that could never be achieved with our own 

eyesight. Observation using radiation invisible to the 

human eye is also becoming very important. It is the 

ability of radar imagery to penetrate most atmospheric 

barriers to observation that makes it very desirable. 

 Since its origin in the 1950's, SAR has been developed 

into a mature technology and is now recognized as a 

highly successful imaging tool for weather monitoring, 

crop growing, forest deformation, mine detection, 

mapping and military systems that need imaging at high 

resolutions. It is an active microwave sensor that 

transmits signals in microwave region. SAR operation is 

entirely different from regular sensors like optical sensors. 

Radar Indian Satellite-1 (RISAT-1) is the first Indian 

microwave sensor that operates in C-band and is used 

mainly to monitor crop growth. Different resolutions and 

different swaths are possible with RISAT-1 sensor. 

Speckle is a common and special type of noise in all 

coherent imaging systems that is possible in SAR 

imaging system [11]. The frequency domain filters 

mainly started with revolution from the invention of 

wavelets. The speckle has to be minimized to analyze the 

SAR image correctly. The removable of speckle plays 

critical and important role in preprocessing of any SAR 

system. A variety of spatial domain filters and transform 

domain procedures are available in SAR domain. But still 

there is possibility to despeckle further and further to 

achieve maximum reduction of speckle. Spatial domain 

filters like lee and map filters [1-5,12-13] gave better 

despeckling results and are failed in preserving the edge 

details. Wavelet domain filters [6-9] have produced better 

response than spatial filters. That is the reason, the 

researchers have concentrated on transform domain filters 

[14-16,18,20].  

A combination of transform domain and spatial domain 

image denoising algorithms is presented in BM-3D 

algorithm. It consists of hard thresholding and wiener 

filter in wavelet domain. However, the smoothing of 

homogeneous areas and the preserving of edges are still 

not well balanced in these methods. The BM3D method 

is generally considered as state of art method in denoising 

of images and despeckling of SAR images[10]. The 

compressive sensing 3D (CS-3D) despeckling framework 

is comprised of three major steps; selection of subsets of 

pixels from SAR images, reconstruction of SAR image 

from each subset of pixels using CS theory, and statistical 

combining of multiple reconstructed images by 

employing selective 3D filtering. In this paper, we 

proposed a technique to despeckle the SAR images to the 
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maximum extent while maintaining the edge 

characteristics. We compared our proposed method with 

state-of-art methods in terms of quality parameters like 

Equivalent Number of Looks (ENL), Speckle 

Suppression Index (SSI), Peak Signal to Noise Ratio 

(PSNR) and Edge Saving or Preservation Index (ESI or 

EPI). 

 

II.  MODIFIED BM-3D METHOD 

The radar image will be cropped according to user's 

specification. If the image is in (high level product) 

GEOTIFF format, generally it is a noise-free one, 

otherwise it is contaminated with noise. This SAR image 

is given as input to undecimated wavelet transform for 

extracting the possible coefficients. On separating the 

coefficients, the needy low frequency coefficients are 

processed by inverse undecimated wavelet transform. 

 

 

Fig.1. Proposed Method 

The output image of previous step is split into various 

blocks of standard size, which are compared with each 

other to calculate euclidean distances. The block with 

euclidean distance lesser than the threshold value is fed to 

discrete wavelet transform and coefficients are extracted. 

The low frequency coefficients extracted are then 

processed for hard threshold and image is reconstructed 

by using inverse discrete wavelet transform. This is 

process is illustrated in the flowchart shown in figure 1. 

The reconstructed image obtained in the last step is 

forwarded to discrete wavelet transform for once again 

calculating the possible coefficients. On low frequency 

coefficients a Wiener filter is applied for processing and 

the inverse discrete wavelet transform is applied on the 

coefficients for reconstructing the image. 

Generally, the microwave satellite image can be tested 

in terms of the quality parameters like EQNL, SSI, CC, 

ESI or EPI, MSE and PSNR values. The said quality 

parameters are tested and noted on Indian RISAT-1, 

German Terrasar-X and Japanese ALOS sensors. The 

proposed and existing algoritms are tested on above said 

sensors to evaluate the quality parameters like EQNL, SSI, 

CC, ESI or EPI, MSE and PSNR values. 

 

III. RESULTS AND DISCUSSIONS 

The modified BM-3D method along with existing 

methods like compressive sensing theory based 3D, block 

matching based 3D, principal component analysis, etc are 

considered and tested for MRS-VH (Medium resolution 

stripmap mode and vertical transmit and horizontal 

receive polarized data set) image data of RISAT-1 

satellite. The SAR image is having the standard size of 

512*512 pixels. The noise variance of 0.25 is added to 

the original image and obtained image is processed for 

despeckling. 

The quality parameters like EQNL, SSI, CC, ESI or 

EPI, MSE and PSNR values are measured for the taken 

MRS-VH image. The value 11.8, equivalent number of 

looks obtained in this present method is the best among 

other existing techniques, which describes the SAR 

image quality. Comparison of quality factors obtained for 

various methods is provided in table-1 with 

corresponding images shown in figure 2. The LEE 

method has given better EQNL value next to the 

proposed method. Generally LEE method is very 

common despeckling method in RADAR image 

processing softwares. 

The value 0.055, speckle suppression index obtained in 

this present method is the best among other existing 

techniques, which describes speckle content remaining in 

the image. This value should be minimum and ideally 

zero. The correlation coefficient value measures the 

similarity between the original and despeckled images. Its 

value generally lies between 0 and 1. Its value should be 

maximum as much as possible and ideally 1. The value 

0.977, correlation coefficient obtained in this present 

method is the best among other existing techniques, 

which depicts similarity between original SAR and 

despeckled images. 

The value 0.683, edge saving or preserving index 

obtained in this present method is the best among other 

existing techniques, which illustrates the preservation of 

edges of the image. The despeckled images should 

contain the edge features that exist the original image. 

The measuring parameter of the edge preserving is edge 

saving index. The value 27.51, peak signal to noise ratio 

obtained in this present method is the best among other 

existing techniques, which describes quality of the image. 

Similarly the quality factors have been evaluated for 

MRS-HH image, which is having the standard size of 

256*256 pixels. The noise variance of 0.1 is added to the 

original image and obtained image is processed for 

despeckling. The obtained quality factors are given table-

2 and clearly shown in figure 3. 
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Table 1. Quantitative Comparison of Despeckling Techniques for MRS-HV Image (size=512*512 and variance=0.25) 

 
EQNL SSI EPI CC PSNR 

LEE FILTER 1.79443 0.25991 0.24561 0.62142 11.85488 

WAVELET 0.17824 0.68324 0.16868 0.68436 12.48479 

CURVELET 0.14160 0.86171 0.39323 0.87608 18.44182 

PCA 0.14406 0.80361 0.50108 0.96371 21.62268 

BM-3D 8.55110 0.40614 0.61196 0.91883 17.81902 

CS-3D 9.75436 0.06951 0.61720 0.91902 17.81960 

PROPOSED 11.8540 0.05586 0.68354 0.97700 27.51640 

 

 
(i)                                         (ii)                                   (iii) 

 

 
(iv)                                         (v)                                    (vi) 

 

 
(vii)                                 (viii)                                   (ix) 

Fig.2. (i) Initial RISAT-1 image (MRS-HV), (ii) Speckle Noisy image, (iii) LEE Despeckled image, (iv) Wavelet despeckled image, (v) Curvelet 

Despeckled image,(vi) PCA Despeckled image, (vii) BM-3D Despeckled image, (viii) CS-3D Despeckled image and (ix) Proposed despeckled image. 
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(i)                                       (ii)                                       (iii) 

 

 
(iv)                                      (v)                                         (vi) 

 

 
(vii)                                    (viii)                                  (ix) 

Fig.3. (i) Initial RISAT-1 image (MRS-HH), (ii) Speckle Noisy image, (iii) LEE Despeckled image, (iv) Wavelet despeckled image, (v) Curvelet 
Despeckled Image, (vi) PCA Despeckled image, (vii) BM-3D Despeckled image, (viii) CS-3D Despeckled image and (ix) Proposed despeckled image. 

Table 2. Quantitative Comparison of Despeckling Techniques for MRS-HH Image (size=256*256 and variance=0.1) 

 
EQNL SSI EPI CC PSNR 

LEE FILTER 1.077529 0.234594 0.271679 0.71899 13.64129 

WAVELET 0.137571 0.749178 0.175743 0.749454 14.14445 

CURVELET 0.135499 0.975577 0.592498 0.971982 24.09441 

PCA 0.426229 0.687924 0.175429 0.688187 14.26394 

BM-3D 3.114688 0.330706 0.602597 0.929226 19.20398 

CS-3D 3.497576 0.065502 0.61333 0.924604 18.91376 

PROPOSED 5.152332 0.055748 0.690656 0.979853 27.94648 
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IV.  CONCLUSION 

The proposed and existing methods also are tested on 

CFRS-RH- 1, CFRS-RV-1, CRS-HH-1, CRS-HV-1, 

FRS-VH-1, FRS-VV-1, MRS-HH of Anantapur, 

AndhraPradesh area (MRS-HH-1(1)), MRS-HV of 

Anantapur (MRS-HV-1(1)), AndhraPradesh area, MRS-

HH of Fatehpur (MRS-HH-1(2)), UttarPradesh area and 

MRS-HV of Fatehpur (MRS-HV-1(2)), UttarPradesh area 

images of RISAT-1. 

The EQNL values of different RISAT-1 imagery have 

been compared in the figure 4. CRS-HH image and MRS-

HH of Fatehpur, Uttar Pradesh are having high EQNL 

values among all the images, because of less variation of 

the grey levels in the images. CRS-HV image is having 

low EQNL values among all the images, because of high 

variation of the grey levels in the image. The LEE filter 

has given better results in obtaining of EQNL values 

except for FRS images.  

The SSI values of RISAT-1 imagery have been 

compared in the figure 6. The SSI plays an important role 

in the RADAR processing area. The proposed method 

gave low values among all. The CC values of RISAT-1 

imagery have been compared in the figure 6. The 

correlation values should be near to 1. The proposed 

method has given good results. 

The ESI values of RISAT-1 imagery have been 

compared in the figure 7. It plays crucial role in judging 

an algorithm that suits for denoising. If this value is more 

it gives more clarity in the scene. The proposed method 

has given good results among all. The existing methods 

like BM-3D and CS-3D methods have given better results 

after the proposed method. The PSNR values of RISAT-1 

imagery have been compared in the figure 8. 

The PSNR value plays a major role in selecting a 

denoising algorithm in the image processing area. Mean 

square root values of proposed method are very low, in 

return the PSNR values are high. The PSNR values of 

proposed method are very good compared to all other 

existing techniques. The undecimation plays major role in 

this method. The sampling conversions are avoided in 

this method at transmitting and receiving end. This leads 

to preservation of edge features effectively. The threshold 

values that are used in hard thresholding process and the 

blocks that are used block matching 3D technique plays a 

critical role in this total process. 

The proposed method and existing methods have been 

applied and tested with noise variance values of 0.1, 0.25 

and 0.5 for the Terra-SAR image. The quality parameters 

like ENL, CC, SSI, ESI and PSNR have been calculated 

with different variances for the same image.  Figure 9 

shows the comparison of different transform techniques 

to evaluate ENL value for different variance values like 

0.1, 0.25 and 0.5.Our proposed method gave better ENL 

compared to other methods. But lee method is also giving 

good ENL. Because of this reason all the softwares are 

using lee filter for denoising of SAR images.  

Figure 10 shows the comparison of different transform 

techniques to evaluate SSI for different variance values 

like 0.1, 0.25 and 0.5. Figure 11 shows the comparison of 

different transform techniques to evaluate CC for 

different variance values like 0.1, 0.25 and 0.5. Figure 12 

shows the comparison of different transform techniques 

to evaluate ESI for different variance values like 0.1, 0.25 

and 0.5. But lee is failed to preserve the edges. Our 

method gave appreciable value of ESI. This happened 

because of non sampling of the data. Figure 13 shows the 

comparison of different transform techniques to evaluate 

PSNR for different variance values like 0.1, 0.25 and 0.5. 
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Fig.4. Comparison of EQNL Values for Different RISAT-1 DATA
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Fig.5. Comparison of CC Values for Different RISAT-1 DATA 

 

Fig.6. Comparison of SSI Values for Different RISAT-1 DATA  

 

Fig.7. Comparison of ESI Values for Different RISAT-1 DATA
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Fig.8. Comparison of PSNR Values for Different RISAT-1 DATA 

 

Fig.9. Comparison of ENL Values for TerraSAR-X -VV image with Different Variance Values 

 

Fig.10. Comparison of SSI Values for TerraSAR-X -VV image with Different Variance Values 

 

Fig.11. Comparison of CC Values for TerraSAR-X -VV image with Different Variance Values
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Fig.12. Comparison of ESI Values for TerraSAR-X -VV image with Different Variance Values 

 

Fig.13. Comparison of PSNR Values for TerraSAR-X -VV image with Different Variance Values 
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