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ABSTRACT

In synthetic aperture radar (SAR) imaging, pulses of microwave energy are transmitted towards the ground surface
(target). The backscattered signal energy is measured at the receiving end. In this process, a speckle noise is added
because of the coherent imaging system and makes the study of images very difficult. For better SAR image
processing, the speckle has to be removed in the initial stages of processing and maintain all texture features
efficiently. The (Block Matching 3D algorithm) BM3D method is generally considered as state of art method in
denoising of SAR images. Still some amount of speckle left with images. This is due to sampling conversion at
transmitter and receiver. In this paper, it is proposed a technique to despeckle the speckle noise to the maximum
extent while maintaining the edge characteristics. This technique uses un-sampling at both the ends.
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1. INTRODUCTION

Generally, optical remote sensing is being utilized in various applications associated to studies of earth
resources, mapping, glacier monitoring and monitoring of the environment. Signal that is used in optical
remote sensing cannot penetrate through clouds and fog. It is because of its low in wavelength. In that
particular situations, SAR imaging plays a very important role to get data for a specified period of time as
SAR sensors are capable of gathering information in all types of weather conditions. The utility of SAR
images may be greatly improved by the removal of this speckle noise. Speckle noise[11] is created in an
image by both the properties of the illuminating radar beam and the objects being imaged. Because of the
complexity of the image formation process in SAR systems and the complexity of the scenes that are
imaged, the process of removing the noise can be extremely difficult. Some people have taken simple
assumptions about the properties of the image and developed simple methods for noise reduction.

2. BLOCK MATCHING 3D ALGORITHM (BM3D)

Some amount of speckle is removed in the process of multilooking in preprocessing stage at the cost of
spatial resolution. To eliminate the remaining speckle, a filter technique or a transform technique has to be
applied. The BM3D [9,10] procedure contains two steps. First one is threshold based filtering and second
one is wiener filter based filtering. In first step, a reference block has to be compared with other blocks of
the total image. The euclidean distance has to be calculated and if the distance is less than a threshold, it has
to be given to hard thresholding of the discrete wavelets. Euclidean threshold and hard threshold plays an
important role in this process. The decision of choosing of these two thresholds is based on noise present in
the image, size of the image, size of the block and the application that is going to be used. The output of
hard thresholding has to be given to inverse discrete wavelets. Then the reference block has to be shifted to
next block and same procedure has to be repeated. In the second step, the total process is same except the
hard thresholding. In the place of hard thresholding, wiener filtering has to be applied.
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3. A MODIFIED BM3D METHOD

The radar image has to be cropped according to user’s applications size. The necessary sized image will be
given to non-decimated wavelet transform and extract the all possible coefficients from it. After separating
the coefficients with some threshold, the required coefficients will be collected and they will be given to
inverse non decimated wavelet transform.

The output image of previous step will be divided into different blocks with a fixed size. Each block
will be compared with other blocks and euclidean distance will be calculated. If the distance is below a
threshold value, then the block will be given to discrete wavelet transform and the coefficients will be
extracted. Manipulation of coefficients will be done based on some hard thresholding and an inverse discrete
wavelet transform will be applied to reconstruct the image as shown in figure 1.

The last obtained image will be given to discrete wavelet transform once again and calculate all possible
coefficients. A Wiener filter will be applied on specific set of coefficient values and an inverse discrete
wavelet transform will be applied to get final despeckled image. After completion of one set of block
comparison, it has to be shifted to next block and same procedure has to be repeated until to cover total
image.

The quality parameters like Equivalent Number Looks (ENL), Speckle Suppression Index (SSI),
Correlation Coefficient (CC), Edge Saving or Preserving Index (ESI) and Peak Signal to Noise Ratio
(PSNR) will be measured for all the output images of different despeckling methods along with proposed
algorithm.

Figure 1: Proposed despeckling method.



A Hybrid Approach for Microwave Imagery Denoising 8351

4. RESULTS AND DISCUSSIONS

The proposed algorithm and some existing algorithms have been applied and tested for SPOT-VV image
data of TerraSAR-X satellite of 512*512 standard size. The noised image is obtained when the noise
variance added to the original image is 0.1. The state-of-art algorithms like Compressive Sensing (CS3D)[2],
BM3D, Principal Component Analysis (PCA) [7, 15], curvets, lee filter[1, 3-4, 13] and wavelet [5, 6, 8, 12,
14] have been considered for comparison.

The value of equivalent number of looks obtained with proposed method is 11.269 which is best among
all the values obtained through other techniques. It shows the quality of the despeckled image. If the ENL
value is high it means that the quality of the denoised image is high and vice versa. The ENL value plays a
decisive role in the microwave imagery. Table 1 contains the quality factors of different methods and
corresponding images have been shown in figure 3.

The value of speckle suppression index obtained with proposed method is 0.057 which is best and least
among all the values obtained with other techniques. The SSI value of proposed method is less than the
BM3D method. It is because of un-sampling of the data at the both the ends. Where as in BM3D, down
sampling at transmitting end and up sampling at receiving end has to be done. Because of this sampling
changes, the quality of the images are not obtained up to the expectations.

The value of correlation coefficient obtained with proposed method is 0.982 which is best among all
the values obtained with other techniques. The ideal value of CC is 1, which means that the denoised
image is almost similar to original image. Among all despeckling methods, the proposed method has
given reasonable edge saving index and when its value is 0.69. This value plays critical role in image
processing. To have good clarity and quality in the image, this value should be maximum. The peak
signal to noise ratio is a very important parameter in denoising of images. Maximum value says that the
image is good quality. It shows the quality of denoised imagery and its value should be high. It’s value
has been measured as 28.34.

The proposed method and existing methods have been applied and tested with noise variance values of
0.25 and 0.5 for the same image. The quality parameters like ENL, CC, SSI, ESI and PSNR have been
calculated with different variances for the same image. Figure 3 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 3 shows the comparison of different transform techniques to evaluate SSI for different variance
values like 0.1, 0.25 and 0.5. Figure 4 shows the comparison of different transform techniques to evaluate
CC for different variance values like 0.1, 0.25 and 0.5. Figure 5 shows the comparison of different transform

Table 1
Quantitative comparison of despeckling techniques for TerraSAR-X - VV image

(Noise variance = 0.1 and size = 512*512)

ENL SSI CC ESI PSNR

LEE 9.194218 0.22932 0.641122 0.272616 13.64858

WAVELET 0.342954 0.691547 0.691826 0.168438 14.2135

CURVELET 0.209464 0.976973 0.97147 0.603367 24.27094

PCA-LPG 0.215416 0.956006 0.929328 0.588278 26.86115

BM3D 10.66267 0.360989 0.916488 0.60817 19.3468

CS3D 10.33364 0.071999 0.915962 0.616385 19.30375

PROPOSED 11.26968 0.057581 0.982056 0.690779 28.34394
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Figure 2: Comparison of ENL values for TerraSAR-X -VV image with different variance values

Figure 3: Comparison of SSI values for TerraSAR-X -VV image with different variance values

Figure 4: Comparison of CC values for TerraSAR-X -VV image with different variance values

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 6 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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Figure 5: Comparison of ESI values for TerraSAR-X -VV image with different variance values

Figure 6: Comparison of PSNR values for TerraSAR-X -VV image with different variance values
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