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Abstract -- Image filtering algorithms are 

applied on images to remove the different types of noise 
that are either present in the image during capturing or 
injected into the image during transmission. Synthetic 
aperture radar(SAR) images are high resolution images of 
geographical areas ,moving and stationary objects. The 
intensities of pixels in these images are based on the 
spatial orientation, roughness, and dielectric constant of 
the surface and object imaged. So, forming the images 
are challenging and refining them is difficult. Speckle 
noise is a significant disturbing factor for SAR image 
processing. Speckle noise is multiplicative noise, so it’s 
difficult to remove the multiplicative noise as compared 
to additive noise. So image de-noising has become a very 
essential exercise all through the diagnosis Radar is an 
electromagnetic system for the detection and location of 
objects. In radar system a noise typically appears as 
random variations super imposed on the designed echo 
signal received in the radar receiver. The Lower the power 
of desired signal the more difficult it is to discern it from 
the noise. An algorithm is designed to calculate the PSNR 
and MSE. The result is discussed for Mean, Median and 
adaptive Median filter with different noise density. 
 
Index Terms – Adaptive Median Filter, Frost filter, Median 
filter, SAR, Speckle noise. 

 
I.  INTRODUCTION 

 
An imaging radar generates a Synthetic Aperture Radar 
(SAR) image by transmitting a coherent electromagnetic 
wave and subsequently processing the backscattered 
signal from the Ground objects. However, due to 
interference processes between scatters speckle noise is 
introduced into the image. Speckle noise is a disturbing 
factor, because it limits the ability to correctly interpret 
SAR images, restricts edge abstraction, image 
segmentation, target recognition and classification, and it 
introduces uncertainty in ground surface parametric 
inversion (Huang and Liu, 2007). 
At the time of image acquiring or transmitting, digital 
images are often contaminated by different types of noise 
primarily impulse noise. Due to a number of non-idealities 
in the imaging process the noise usually corrupts images 

by replacing some of the pixels of the original image with 
new pixels having luminance values near or equal to the 
minimum or maximum of the allowable dynamic 
luminance range. This is called impulse noise. This occurs 
mostly when there are quick transients and faulty 
switching [1]. So these noisy images are most often 
occurring at transmission. In most applications, it is very 
important to remove these noises from image data, since 
the performances of subsequent image processing tasks 
are strictly dependent on the success of image noise 
removal operation. However, this is a difficult problem in 
any image processing system because the restoration filter 
must not distort the useful information in the image and 
preserve image details and texture while removing the 
noise. A large number of methods have been proposed to 
remove impulse noise from digital images. Section two 
gives steps in digital image processing. Section three gives 
the brief of Mean filter. Section four gives about Median 
filter. Section five gives the detail description of Adaptive 
Median Filter and section six gives the results and 
discussions. 
Image processing operations can be roughly divided into 
three major categories [2] 
1. Image Compression 
2. Image Enhancement and Restoration 
3. Measurement Extraction. 
 

II. SAR IMAGE FORMATION 
 
Basically three operating modes of SAR system [7] Strip 
map, scan and spot. The most accepted is possibly the strip 
mode. In this context, the radar antenna point along set 
location direction with respect to the flight platform path, 
and the antenna footprint covers a strip on the illuminated 
surface as platform moves. 
For bistatic SAR configuration, the transmitter and the 
receiver are positioned at different locations in space. If 
the radar operates as both the transmitter and the 
receiver, this scenario is called monostatic SAR, which is 
the common practice in most real-world applications. 
Present a simplified SAR imaging theory for the mono 
static case. Since the two dimensional (2D) SAR image is 
nothing but the display of range profile in one axis and the 
cross-range profile in the other axis, the scattered field 
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should be collected for various frequencies and aspects 
(i.e., look angles) to be able to generate the 2D SAR image 
as steps described in the figure 1, 𝑘𝑘 �vector is assumed to 
lie on the 2D  𝑁𝑁𝑥𝑥    −  𝑁𝑁𝑦𝑦   plane. Collected data set is 
generated in the spatial-frequency domains, namely, 
𝑁𝑁𝑥𝑥    and  𝑁𝑁𝑦𝑦 . If the backscattered electric field data are 
gathered within the finite bandwidth of frequencies, B, 
and within a finite width of angles, Ω, then the 2D data 
occupy a non- uniform grid   in the  𝑁𝑁𝑥𝑥    −  𝑁𝑁𝑦𝑦  space. 
However, if both B and Ω are sufficiently small, the data 
grid in 𝑁𝑁𝑥𝑥    −  𝑁𝑁𝑦𝑦  y space approaches to equally space 
linear grid. This situation makes it possible to make use of 
fast inverse Fourier transform in forming the SAR image 
[3][4][5]. 

 
Fig.1. Flowchart for the basic of  SAR image formation 

 
III.  TYPES OF RADAR NOISE 

 
Noise is the undesirable effects produced in the image. 
During image acquisition or transmission, several factors 
are responsible for introducing noise in the image. 
Depending on the type of disturbance, the noise can affect 
the image to different extent. Generally our focus is to 
remove certain kind of noise. So we identify certain kind of 
noise and apply different algorithms to remove the noise. 
Image noise can be classified as Impulse noise (Salt-and-
pepper noise), Amplifier noise (Gaussian noise), Shot 
noise, Quantization noise (uniform noise), Film grain, on-
isotropic noise, Multiplicative noise (Speckle noise) and 
Periodic noise.  
 
A. Impulse Noise (Salt and Pepper Noise)  
 
The term impulse noise is also used for this type of noise 
[6]. Other terms are spike noise, random noise or 
independent noise. Black and white dots appear in the 
image [7] as a result of this noise and hence salt and 
pepper noise. This noise arises in the image because of 
sharp and sudden changes of image signal. Dust particles 
in the image acquisition source or over heated faulty 
components can cause this type of noise. Image is 
corrupted to a small extent due to noise. Fig 2. Show the 
effect of this noise on the original image (Fig.1) 
 

Fig.1 Original Image without noise 

 
 

Fig. 2 Image With 30% salt & pepper noise 

 
B. Multiplicative Noise 
 
Speckle Noise  
  
This noise can be modeled by random value multiplications 
with pixel values of the image and can be expressed as J = I 
+ n*I  
Where, J is the speckle noise distribution image, I is the 
input image and n is the uniform noise image by mean o 
and variance v. This noise deteriorates the quality of active 
radar and Synthetic aperture radar (SAR) [8] images. This 
noise is originated because of coherent processing of back 
scattered signals from multiple distributed points. In 
conventional radar system this type of noise is noticed 
when the returned signal from the object having size less 
than or equal to a single image processing unit, shows 
sudden fluctuations. Mean filters are good for Gaussian 
noise and uniform noise. Fig 3, shows the effect of adding 
speckle noise. 
 

 
Fig. 3 Image with speckle noise 

 
Model of Speckle Noise 
The most critical part of developing a method for 
recovering a signal from its noisy environment seems to be 
choosing a reasonable statistical (or analytic) description of 
the physical phenomena underlying the data-formation 
process. 
The availability of an accurate and reliable model of 
speckle noise formation is a prerequisite for development 

http://www.irjeas.com/
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of a valuable de-speckling algorithm [12][13]. In ultrasound 
imaging, however, the unified definition of such a model 
still remains arguable. Yet, there exist a number of possible 
formulae whose probability was verified via their practical 
use. A possible generalized model of the speckle imaging is  
 
      g(n, m) = f (n, m)u(n, m) + ξ (n, m)                   (5) 
  
Where g, f, u and ξ stand for the observed image, original 
image, multiplicative component and additive component 
of the speckle noise basically. Here (n, m) denotes the axial 
and lateral indices of the image samples or, alternatively, 
the angular and range indices for B-scan images. When 
applied to ultrasound images, only the multiplicative 
component of the noise is to be considered; and thus, the 
model can be considerably simplified by disregarding the 
additive term, so that the simplified version of (5) becomes  
 
      g(n, m) = f(n, m)u(n, m)                                     (6) 
 
Homomorphism de-speckling methods take advantage of 
the logarithmic transformation, which, when applied its 
converts        the multiplicative noise to an additive one. 
Denoting the logarithms of g, f and u by gl, fl, and ul, 
respectively, the measurement model becomes 
 
         g 1(n, m) = f1 (n, m)u1 (n, m)                       (7)  
 
 At this stage, the problem of de-speckling is reduced to 
the problem of rejecting an additive noise, and a variety of 
noise-suppression techniques could be evoked in order to 
perform this task [9]-[12]. 
 

IV. TYPES OF FILTER 
 
A.  Adaptive Filter 
 
An adaptive filter is a system with a linear filter that has 
a transfer function controlled by variable parameters and a 
means to adjust those parameters according to 
an optimization algorithm. Because of the complexity of 
the optimization algorithms, most adaptive filters 
are digital filters. Adaptive filters are required for some 
applications because some parameters of the desired 
processing operation (for instance, the locations of 
reflective surfaces in a reverberant space) are not known 
in advance or are changing. The closed loop adaptive filter 
uses feedback in the form of an error signal to refine its 
transfer function. 
 
B. Non Adaptive Filter 
 
1. Mean filter 
The mean filter is a simple sliding-window spatial filter that 
replaces the center value in the window with the average 
(mean) of all the pixel values in the window. The window, 
or kernel, is usually square but can be any shape. An 
example of mean filtering of a single 3x3 window of values 
is shown below. 

unfiltered values 
5 3 6 

2 1 9 
8 4 7 

 
5+3+6+2+1+9+8+4+7=45 
45 / 9 = 5 
 

mean filtered 
* * * 
* 5 * 
* * * 

 
Center value (previously 1) is replaced by the mean of all 
nine values (5). 
 
2. Median Filter 
 
In signal processing, it is often desirable to be able to 
perform some kind of noise reduction on an image or 
signal. The median filter is a nonlinear digital filtering 
technique, often used to remove noise. Such noise 
reduction is a typical pre-processing step to improve the 
results of later processing. Median filtering is very widely 
used in digital image processing because, under certain 
conditions, it preserves edges while removing noise. The 
median filter is a sliding-window spatial filter, but it 
replaces the center value in the window with the median 
of all the pixel values in the window. As for the mean filter, 
the kernel is usually square but can be any shape. An 
example of median filtering of a single 3x3 window of 
values is shown below. 
 

unfiltered values 

  6 2 0 
3 97 4 
19 3 10 

 
 In order:  0, 2, 3, 3, 4, 6, 10, 15, and 97 
 

median filtered 
* * * 
* 4 * 
* * * 

 
Center value (previously 97) is replaced by the median of 
all nine values (4). The best known order-statistics filter is 
the median filter, which replaces the value of a pixel by the 
median of the graylevels in the neighborhood of that pixel- 
f ( x, y )= median{ g(s,t) } 
(s.t)є sxy 

 
The original value of the pixel is included in the 
computation of the median. Median filters are quite 
popular because, for certain types of random noise they 
provide excellent noise reduction capabilities, with 
considerably less blurring than linear smoothing filters of 
similar size [3]. 

http://www.irjeas.com/
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(a ) Original image (flowers) 

 
(b) Impulse noisy image with Input PSNR = 3dB. 

 
(c) Denoised Image using Median filter 
 

 
(d) Denoised Image using Adaptive Median Filter 

Figure: 2 (a) Original Flower Image, (b) Impulse noisy 
image with input PSNR 3dB (c) Median filtered image with 
o/p PSNR 3.6dB (d) Adaptive Median Filter Image with o/p 
PSNR 15.9dB 
 

V.  CONCLUSIONS AND FUTURE SCOPE 
 

A novel method based on efficient noise detection 
algorithmis studied here for effectively de-noising 
extremely corrupted images and better edges 
preservation. The studied filter is based on order-statistic 
filtering and uses an impulse noise detector.The good 
performance of the standard median filter is severely 
impaired in extremelyimpulse noise. Theinnovative aspects 
of the studied method are simple and effective algorithm 
for noise cancellation across a wide range of noise 
densities from 10% to 98%, while preserving high quality 
ofRestored image. Adaptive median filter has some effect 
on the noisy image only when there are some impulse 
noises (either „0‟ or „255‟ values). Since the speckle noisy 
image filtered by the median filter cannot have any value, 
so adaptive median filter is not considered as one of the 
speckle noise removal technique. Median filter is 
performing well among all the filtering techniques and also 
performing well in comparison with transformations. The 
key success of such performance delivery is mainly due to 
highly accurate noise detection accomplished by this filter. 
In addition, the studied method uses simple fixed length 
window, and hence, it requires significantly lower 
processing time compared with other methods. 
In the future, various techniques can be considered to 
incorporate in this scheme to further improve the 
performance and preserve more edges in both highly and 
lowly corrupted images. 
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