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Abstract: Reducing noise from the various images like Real images, medical images and satellite images etc. is
a challenging task in digital image processing. Noises are removed as pre processing which are needed for
image enhancement, restoration, compression, registration, analysis as well as feature extraction and texture
analysis. Several approaches are there for noise reduction. The proposed filtering technique in this paper
removes speckle noise from the real images effectively. Quantitative analysis is done by various measures like
Noise Variance, Mean Square Error, Noise Mean Value, Noise Standard Deviation, Equivalent Number of
Looks (ENL) and PSNR and the results exhibit the performance of the proposed filter.
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I. Introduction

Digital Image Processing includes analysis, manipulation and storage of a two dimensional (2D) digital
images represented as discrete values, either in spatial or frequency domain. The low—level image processing
deals noise reduction, contrast enhancement and image sharpening using which the low quality image is made
more suitable for further processing and the mid—level image processing deals with image segmentation, using
which the regions of interest are subjectively secluded. In high—level image processing, the features, textures
and other details of the image are identified subsequent analysis [1].

Normally an image may corrupted by noise by its acquisition and transmission. It is necessary to
remove such noises as much as possible and retain the important signal features. Generally, the intensity or
brightness of an image is to be uniform except where it changes to form an image. This changes produce
variation in the intensity of the image even when no image detail is present. This variation is typically random
and has no particular pattern. This random variation in image brightness is noise and it reduces image quality.
This noise can be either dependent or independent to the original image. All the digital images contain some
kind of visual noise [2]. The noisy images may speckled, gritty, snowy or patterned for visual. Salt & pepper
noise, Gaussian noise, Poison noise, and Speckle noise are some of the popular examples of noise.

Salt and Pepper Noise is also called as impulse noise, spike noise, random noise or independent noise.
Black and white dots appear in the image and looks like salt and pepper in an image. Sharp and sudden changes
of image signal produce this noise. That is dust particles in the image acquisition source or over heated faulty
components can cause this type of noise. An image containing salt-and-pepper noise will have dark pixels in
bright regions and bright pixels in dark regions [3]. This type of noise can be caused by dead pixels, analog-to-
digital converter errors, bit errors in transmission, etc. This can be eliminated in large part by using dark frame
subtraction and by interpolating around dark/bright pixels.

Poisson noise is known as shot noise. It is an electronic noise that occurs when number of photons
sensed by the sensor is not sufficient to provide detectable statistical information. This noise has root mean
square value proportional to square root intensity of the image. Independent noise values affect different pixels
in the image. In general the photon noise and other sensor based noise corrupt the signal at different proportions
[4].

Gaussian Noise model is an additive noise and also follow Gaussian distribution. Every pixel in the
noisy image is the sum of the true pixel value and a random, Gaussian distributed noise value [5]. The noise
pixel intensity at each point is independent.

Speckle noise is common to all imaging systems which utilize a coherent mechanism to acquire images
and is defined as multiplicative noise that alters the real intensity values of features in an image. In coherent
systems, backscatter signals add to each other coherently and random interference of electromagnetic signals
causes the speckle noise to occur in the image. Speckle degrades the quality of images and thereby reducing the
ability of a human observer to discriminate the fine details [6]. The presence of the speckle noise affects image
interpretation by human and the accuracy of computer-assisted techniques. Low image quality is an obstacle for
effective feature extraction, analysis, recognition and quantitative measurements. Image variances or speckle is
a granular noise that inherently exists in and degrades the quality of the images. Speckle noise filters are
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explained in section II. The proposed technique is given in section III. The results and discussions are detailed
in section I'V and the conclusion in section V.

II.  Speckle Noise Filters

Filtering is one of the common methods which are used to reduce the noises and used as preface action
before segmentation and classification. Though there are many speckle reduction techniques, there is no
comprehensive method that takes all the constraints into consideration [7].

Speckle noise affects all coherent imaging systems including real, medical and SAR images. Within
each resolution cell a number of elementary scatterers reflect the incident wave towards the sensor. The
backscattered coherent waves with different phases undergo a constructive or a destructive interference in a
random manner. The acquired image is thus corrupted by a random granular pattern, called speckle that delays
the interpretation of the image content. A speckled image is commonly modeled G(i,j)=f(i,j).n(i,j), Where the
speckle G(i,j) is the product of the original image f(i,j) and the non-Gaussian noise 1(i,j).

Speckle filtering consists of moving a kernel over each pixel in the image and applying a mathematical
calculation using the pixel values under the kernel and replacing the central pixel with the calculated value. The
kernel is moved along the image one pixel at a time until the entire image has been covered. By applying the
filter a smoothing effect is achieved and the visual appearance of the speckle is reduced [8].

Mean filter is an averaging linear filter [9]. The Mean Filter averages it into the data and does not
remove the speckles. It is used for applications where resolution and details are not concerned. The median filter
is a sliding-window spatial filter and removes pulse or spike noises. It replaces the center value in the window
with the median of all the pixel values in the window. The computational cost of the median filter is its very
high. Here the filter computes the average value of the corrupted image in a pre-decided area. Then the center
pixel intensity value is replaced by that average value. This process is repeated for all pixel values in the image.

Median filter is a best order static, non- linear filter, whose response is based on the ranking of pixel
values contained in the filter region. Median filter is quite popular for reducing certain types of noise. Here the
center value of the pixel is replaced by the median of the pixel values under the filter region Median filter is
good for salt and pepper noise. These filters are widely used as smoothers for image processing, as well as in
signal processing [9]. While comparing the median filter is better than the mean filter by preserving the edges
between two different features, but it does not preserve single pixel-wide features, which will be altered if
speckle noise is present. The mean and median filters meet with only limited success when applied to SAR data.
One reason for this is the multiplicative nature of speckle noise, which relates the amount of noise to the signal
intensity. The other reason is that they are not adaptive filters in the sense that they do not account for the
particular speckle properties of the image. The mean filter is one of the most widely used low-pass filters. It
does an excellent job of smoothing areas, but creates problems in that it smears the edges and fine features
together with the speckle noise, thus failing to preserve image structure[10].

The Frost filter is an adaptive and exponentially-weighted averaging filter based on the coefficient of
variation which is the ratio of the local standard deviation to the local mean of the degraded image. The Frost
filter replaces the pixel of interest with a weighted sum of the values within the next moving kernel. The
weighting factors decrease with distance from the pixel of interest. The weighting factors increase for the central
pixels as variance within the kernel increases. This filter assumes multiplicative noise and stationary noise
statistics. The un-speckled pixel value is estimated using a sub-window of the processing window. The size of
the sub-window varies as a function of target local heterogeneity measured with coefficient of variation. The
larger the coefficient of variation narrows the processing sub window[11].

Lee filter is based on the assumption that the mean and variance of the pixel of interest are equal to the
local mean and variance of all pixels within the user-selected moving window. The Lee filter removes the noise
by minimizing either the mean square error or the weighted least square estimation whereas the Frost filter
replaces the pixels of interest with a weighted sum of the values within the moving window. The weighting
factors decrease with distance from the pixel of interest and increase for the central pixels as variance within the
window increases. This filter assumes multiplicative noise and stationary noise statistics [12].

The Lee-sigma filter is an alternative to the Lee and is conceptually simple but effective. It first
computes the sigma or standard deviation of the image and then replaces each central pixel in a moving window
with the average of only those neighboring pixels that have an intensity value within a fixed sigma range of the
central pixel. The fixed sigma computed for the image blurs some of the low-contrast edges and linear features.
So, the local standard deviation for each moving window is used as the sigma parameter[13].

III.  Proposed Work
The proposed technique is intended to denoise speckle image using variance and dissimilarity. The
algorithmic description of the proposed technique is given herein under:
Algorithm:
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Read the input image in_image
Find the texture features feat vari and feat diss
Find sq_var and sq_dissi square root of feat vari and feat_dissi respectively
. For all pixels in image
* Remove the dissimilarity from the noisy image
Calculate mod_img by subtracting sq_diss
Repeat step 4
For all pixels in image
If mod img value!=0
Find the sum of neighboring pixels
. Divide the sum with sq_var
. Repeat step 7
. Display the resultant out_image
. Stop.
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IV.  Results Analysis And Discussion

There are several methods to assess the filtered image quantitatively according to different aspects such
as noise reduction, edge preservation, and feature preservation. The results of these different measurements can
be contradictory. Hence, different assessment methods should be used to find the optimum tradeoff among the
different aspects of image quality assessment. In this work, the assessment parameters that are used to evaluate
the performance of speckle reduction are Noise Variance, Mean Square Error, Noise Mean Value, Noise
Standard Deviation, Equivalent Number of Looks (ENL), PSNR and SSI.

Equivalent Numbers of Looks (ENL)

Another good approach of estimating the speckle noise level in an image is to measure the ENL over a
uniform image region. A larger value of ENL usually corresponds to a better quantitative performance. The
value of ENL also depends on the size of the tested region, theoretically a larger region will produces a higher
ENL value than over a smaller region but it also tradeoff the accuracy of the readings. The formula for the ENL
calculation is

T AT 2
ENL = (—)
std
Noise Mean Value (NMV), Noise Variance (NV), and Noise Standard Deviation (NSD)

NV determines the contents of the speckle in the image. NV is used to determine the amount of
smoothing needed for each case for all filters. A lower variance gives a cleaner image as more speckle is
reduced, although, it not necessarily depends on the intensity. The formulas for the NMV, NV and NSD
calculation are
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where R-by-C pixels is the size of the filtered image If .

Mean Square Error (MSE)

MSE is the measure of the extent to which the output image differs from the input image. This helps indirectly
to assess the feature preservation.

1 (. )
MSE = =+ (Z'ﬁf — S

where Si is the noisy input image, So is the filtered output image and K is the size of the image. Accurate
filtering of images with high noise content could also lead to large values of MSE.
Peak Signal to Noise ratio (PSNR)

PSNR gives the strength of the pure signal or image, as compared to the noise present which is
removed by the filter. Higher PSNR emulates better performance.
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The proposed technique is implemented using MATLAB 6.5 and it is tested with various images. The
output of the proposed algorithm is shown in Figl and the evaluation methods with corresponding values are
shown in TABLE. Although all these speckle filters perform well on images it has some constraints regarding
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resolution degradation and are also less familiar due to their algorithmic complexity. These filters operate by
smoothing over a fixed window, whose size is determined by two factors. In Homogeneous area large window
size is needed to improve speckle reduction. But large window size reduces the resolution of the algorithm. The
following Figl shows the noisy input image and output of proposed filter followed by Frost filter, Lee filter and
Wiener filter. Among all the proposed method performs well in terms of ENL, NV, NMV, NSD, MSE, PSNR,
and visual quality. TABLE exhibits the performance of the proposed filter compared with other filters.

Figl Noizy Image Proposed Filter Frost Filter Lee Filter Lee sigma

b
C
Performance Comparision Table
cameraman image Lena image Coin image
Evaluatio | Nois L. Noiz Lee Nois
n v Propos ) v Propos sigm | v Propos Lee
Methods imag ed Frozt | Lee ;Lgm Ima | ed Frost | Lee a imag ed Frost | Lee agm
e filter filter | filter e filter filter | filter e filter filter | filter | a
10.0 16.2 131 161
ENL 188 246 | 404 | 386 | 3856| 2.62 917 336 | 3.16| 3.16 03 | 47647 18 61 1
1877 1712 [ 1774 | 1774 | 1190 1700 | 1140 | 1140 | 3990 1.| 38350 | 3866 | 3986
MBSE 0 0.331 6 0 0 0 0.287 0 0 0 1 1.342 5 7 7
3625 | 0.0273 | 223 2302 | 2432
N 4730 D037 | 3466 | 3637 | 3637 | 3300 0.028 | 2330 | 2750 | 2730 R 41 4 Ni i
68.7 388 603 | 603 374 303 323 313 136. | 01633 | 472 489 | 490
NED 9 0.238 4 1 1 7 0.168 7 3 3 3 5 g 13 2
117 118 118. 931 931 ] 931 190. 180, | 190.| 191,
NMV 118 0.695 34 71 71 3 0308 | 924 3 3 46| 1.1414 44 46 0
162. 163. | 162.| 162.| 162, 163.| 163 163. | 137. 156. | 136.
PSR 1 182.46 04 3 3 31 18321 22 03 03 371 17841 6 62 157

Equivalent No of Looks (ENL), Mean Square Error(MSE), Noise Variance(NV), Noise Standard
Deviation(NSD), Noise Mean Value(NMV), Peak to Signal Noise Ratio(PSNR)

V.  Conclusion
This proposed work outperforms the standard speckle filters frost and lee methods. However, by visual
inspection it is evident that the denoised image, while removing a substantial amount of noise. Experimental
results show that the proposed method yields significantly improved visual quality as well as better Equivalent
No of Looks (ENL), Mean Square Error(MSE), Noise Variance(NV), Noise Standard Deviation(NSD), Noise

Mean Value(NMV), Peak to Signal Noise Ratio(PSNR) compared to the other techniques in the denoising
literature.
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