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Abstract: 

This paper presents a comparison of artificial neural network (ANN) based method and bilateral filtering technique for the removal of  

random-valued impulse noise (RVIN) in images. In the proposed methods the corrupted image is applied to both ANN detection 

method and Bilateral filtering method. Firstly the ANN detection method  employs the ANN to  decide whether a pixel is corrupted or 

not with RVIN. The inputs of the ANN are the rank ordered  absolute differences (ROAD) and the rank-ordered logarithmic difference 

(ROLD) values. After the detection process is completed, the corrupted pixels are restored by the edge -preserving regularization 

(EPR) method which allows edges and noise-free pixels to be preserved. In the Second technique the neighborhood processing is to be 

used. Here, a function is applied to a neighborhood of each pixel. During this a rectangular mask is moved over the given image 

where a new image is created with pixels having grey values calculated  from the grey values under mask.   The performance of the 

proposed methods are evaluated on different test images and by understanding advantages, drawbacks and limitations of these 

techniques, we propose an optimum technique for removing noise from the images. Simulation results indicate that the ANN 

technique provides significant improvement over some filters and less improvements over Bilateral filter especially for high noise 

densities. 

 

Index terms: Art ificial Neural Network, Bilateral filter, ROAD, ROLD, Denoise, Mask, and Edge preserving, Impulse Noise. 

 

I. INTRODUCTION 

 

Image Noise is random Variation of brightness or color 

Information in images, and is usually an aspect of electronic 

noise. It can be produced by the sensor and circuitry  of a scanner 

or Digital camera. Image Noise is an Undesirable by-product of 

image captured, that adds spurious and extraneous informat ion. 

In most cases Noise is perceived as degradation in quality. 

Images get corrupted due to the random signal present in the 

environment which gets added and hence corrupts the image. 

Dig ital images are often corrupted by impulse noise due to 

transmission errors, malfunctioning pixel elements in the camera 

sensors, faulty memory locations and timing errors in analog to 

digital conversion. Noise is usually measured as an RMS 

voltage. There are many sources that introduce noise in digital 

images from the process of acquisition of images in CCD camera 

or scanners to transmission of image via communication 

channel. Various factors like Dark Current, Pixel Non-

Uniformity, Shot Noise, CCD Read Noise, Electronic 

Interference etc. affect the acquisition process of image. On the 

other hand another type of noise introduces due to  transmission 

errors or storage faults. If an image is being sent electronically 

from one place to another, via satellite or wireless transmission, 

or through networked cable, we may expect errors to occur in the 

image signal. These errors will appear on the image output in 

different ways depending on the type of disturbance in the 

signal. 

 

Need of De-Noising:  

The main aim of an image denoising is to achieve both noise 

reduction and feature preservation. De-noising of the noisy 

image is necessary for image processing and image 

interpretation so as to acquire useful informat ion that we want, 

Because the working status of image transmitter is influenced by 

varied of factors, such as the environment of image acquired, 

different noises can be dealt with in different ways. By denoising 

the extraction of meaningful informat ion from images can be 

possible. 

 

II. DE-NOIS ING TECHNIQUES  

 

 The common method of removing the noise from images is by 

using filters, which ensure the details of the image. A traditional 

way to remove noise from image data is to employ spatial filters. 

Spatial filters can be further classified into linear and non-linear 

filters. A Linear Filters like Gaussian, Derivative, Mean, 

Gradient, laplacian, Weiner filters etc. tend to blur sharp edges, 

destroy lines and the Non-linear filters like Median, Min Filter, 

Max Filter, Mean shift Filter, Bilateral Filter, Corner Filter etc., 

 

Mean Filters: 

Mean filtering is a simple, intuitive and easy to  implement 

method of s moothing images, i.e . reducing the amount of 

intensity variation between one pixel and the next. The idea of 

mean filtering is simply to replace each pixel value in an image 

with the mean value of its  neighbors, including itself. Mean 

filtering is usually thought of as a convolution filter. Like other 

convolutions it is based around a kernel, which represents the 

shape and size of the neighborhood to be sampled when 

calculating the mean, the mask has a value of N/1, where N is 

the mask size. 
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Gaussian Filters: 

The Gaussian smoothing operator is a 2D convolution  operator 

that is used to ‘blur’ images, remove detail and  noise. In this 

sense it is similar to the mean filter, but it uses a different kernel 

that represents the shape of a Gaussian. In 2D, the Gaussian 

distribution follows the equation: 

 

I/   
 

    
                   

 

Where σ is the standard deviation. The idea of Gaussian 

Smoothing is to use this 2D distribution as a point-spread 

Function; achieved by convolution. Once a suitable mask has 

been calculated, then the Gaussian smoothing can be performed 

using standard convolution. 

 

Median Filters: 

The median filter is normally used to reduce noise in an image, 

somewhat like the mean filter. However, it often does a better 

job than the mean filter of preserving useful detail in the image. 

Median filter considers each pixel in  the image in turn and looks 

at its nearby neighbors to decide whether or not it is 

representative of its surroundings. Instead of simply replacing 

the Pixel value with the mean of neighboring pixel values; 

replace it with the median. 

 

Adaptive Median Filter:  

The Adaptive Impulse Filter effectively identifies the impulsive 

positions with a valid  impulse noise detector and replaces them 

by a reliable signal determined from an appropriate 

neighborhood. Experimental results in terms of objective metrics 

and visual analysis show that the proposed algorithm performs 

better than many of the prominent median filtering techniques 

reported in terms  of retain ing the fidelity of even h ighly impulse 

corrupted images. 

 

Signal-dependent rank ordered mean filter (SD-ROM): 

It is an efficient nonlinear algorithm to suppress impulse noise 

from h ighly corrupted images while preserving image details and 

features. This method is applicab le to all impulse noise models, 

including fixed valued (equal height or salt and pepper) impulses 

and random valued (unequal height) impulses, covering the 

whole dynamic range. The filter effectively suppresses the noise, 

and preserves the details and edges without unnecessary increase 

in computational complexity.  

 

Rank Conditioned Rank Selection Filter (RCRS): 

The RCRS filters are proposed in the general structure of rank 

selection filters. The information utilized by RCRS filters is the 

ranks of selected input samples; hence the name rank 

conditioned rank selection filter. The number of input sample 

rank used in this decision is referred to as the order of RCRS 

filter. The order ranges from zero to the number of samples in 

the observation window, giving the filters valuable flexibility. 

Low-order filters can give good performance and are relatively 

simple to optimize and implement.  

 

Progressive S witching Median Filter (PS M) : 

It is a median-based progressive switching median (PSM) filter, 

proposed for the Removal of Impulse Noise from Highly 

Corrupted Images. The filtering method is based on the 

following two main schemes:  

(1) Switching scheme: An impulse detection Scheme is used 

before filtering, thus only a fraction of all the pixels will be 

subjected to filtering process  

 

(2) Progressive methods: Both the impulse detection and the 

noise filtering procedures are progressively applied through a 

number of iterat ions. The main advantage of this method is that 

some impulse pixels located in the middle of large noise blotches 

can also be properly  detected and filtered, which results in better 

restoration, especially for the cases where the images are highly 

corrupted. 

 

Laplace Equation Based Adaptive Median Filter (LEAM)  

This filter utilizes the differences between the current pixel and 

its neighbors aligned with four foremost directions. After 

impulse detection, the filter simply do not replace noisy pixels 

identified by outputs of median filter, but continue to make use 

of the information of the four direct ions to weight the pixels in 

the window so as to preserve the details of image.  

 

Adaptive Dual Threshold Median Filter (ADTMF):  

In Image De-noising by Dual Threshold Median Filtering for 

Random Valued Impulse Noise. The proposed method gives 

better PSNR values than other filters. The proposed filter has 

proved that it is very efficient for random valued impulse noise 

because practically no ise is not uniform over the channel. We 

have used the concept of maximum and minimum threshold to 

detect both positive and negative noise. It produces very good 

PSNR and very small MSE for highly corrupted images, 

especially fo r more than 50% noise density. This method has the 

following advantages:  

 

1) The median value is more accurate than other filters.  

2) Two thresholds used and the threshold values can adaptively 

change according to the noise density.  

3) It does require separate calculation for median value and 

threshold values, so it reduces the delay and enhance the 

processing speed of the filter with the help of parallel 

processing.  

 

Fixed Threshold Dual Median Filter (FTDMF)  

In this method dual median filtering is used for improving PSNR 

and reducing MSE values. This method is proposed for the 

removal of random valued noise from the gray scale images. The 

algorithm consists of two stages. In the first stage detection of 

noisy pixel is carried out and in  second stage noisy pixel is 

replaced by median value using dual median filtering. The noisy 

pixels are detected with reference to three d ifferent conditions 

which results in effective detection. The experimental results 

show the proposed scheme performs better than other previous 

schemes. However; further lessening in computational 

complexity  is desired. Here we proposed a method with 

computational simplicity which makes it enable to restore 

images at faster rate. 

 

III. DETECTION METHODS  
 

A.ANN Detection method: 

The proposed detector consists  of a mult i layer perceptron 

(MLP) NN and a decision maker. The input variables of the 

neural model are the ROAD and ROLD values. In order to find 

the most suitable input parameters of the neural model d ifferent  
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statistics such as ROAD, ROLD, PWMAD, and rank-ordered 

relative differences (RORD) are tried with all possible 

combinations. After trials, ROLD and ROAD statistics were 

used as inputs of the neural model because they give the best 

results. The neural detector output, DO(i, j), is applied to the 

decision maker. The output of the decision maker DM(i,  j),  is 

calculated as follows: 

 

 
 

where the Lmin and Lmax represent the minimum and the 

maximum values of the allowable dynamic luminance range, 

respectively. For 8-bit  images, Lmin is 0 and Lmax is 255.  

 
Figure. 1.a Arti ficial neural network 

 

 The good generalization of the proposed neural detector is 

closely related with the selection of the training image. For this 

reason, in this study, the neural detector is trained with the 

artificially generated training image, because it has more 

generalization capability. The 128 _  128 artificial train ing image 

used as the original training image is shown in Fig. 1(a). In this 

image, 64 pixels within each 8 _ 8 square boxes have same 

randomly generated integer luminance value uniformly 

distributed in [0,255]. The Fig. 1(b) illustrates the input training 

image obtained by simply corrupting the base training image by 

RVIN of 70% noise density.  

 

Figure.2.b, Training images. 

 

Definition of ROAD and ROLD statistics 

A. Review on ROAD: 

The ROAD statistic proposed in may  be briefly summarized as 

following: 

The set of coordinates in a (2N + 1)-by-(2N + 1) window 

centered at (0,0) is defined as  

 

The absolute difference between  the gray-level values y(i+s ,j+t) 

and y(i,j) defined as dst is given by: 

 
The dst values are sorted in increasing order and kth smallest 

one amongst them is called rk. Then ROAD value is defined as:  

 
 

B. Review on ROLD: 

The ROLD statistic uses the logarithmic function on the absolute 

difference dst given by in to improve ROAD statistic. Thus, 

logarithmic absolute difference is obtained as: 

 
In order to keep it in the dynamic range [0,1] a simple truncation 

and a linear transformat ion are used: 

 
where a, b are positive parameters to be chosen. The all Dst 

values are arranged in an increasing order and kth s mallest Dst 

for all (s, t) € Ὠ0N N defined as Rk. The ROLD statistic is given 

by: 

 
The main steps of this method are: 

1. Form training inputs ROAD and ROLD by using one-tenth 

pixels of randomly selected artificial training image, corrupted 

with RVIN of 70% noise density. 

 

2. Subtract the luminance values of the input train ing image 

pixels from the luminance values of the corresponding base 

training image pixels. 

 

3. Convert the nonzero values to white pixels and zero values to 

black p ixels to obtain target training image.  

 

4. Train the neural model fo r 150 epochs with RP training 

algorithm using data set formed in step 1–3. 

 

5. Form test inputs ROAD and ROLD for any noisy test image.  

 

B. Bilateral Filter 

The idea of the bilateral filtering  is to combine gray levels based 

on both the geometric closeness and photometric similarity that 

is in favor of near values to distant values in both domain and 

range. More specifically, let be the location of the pixel centered 

at a (2N+1) × (2N+1) neighborhood and 

 
be the pixels in the neighborhood of . The weighting functions 

for the spatial and rad iometric components are defined 

respectively as 
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where I is the intensity value at the given position. The ensemble 

weight in the bilateral filter is the product of WS and WR: 

 

 
 

In practice, each  pixel is filtered using normalized  weights to 

obtain the filtered image using 

 

 
 

 Fig. 1C, shows the flowchart  of denoising an image by Bilateral 

filtering technique 

 

 
Figure.3.1C. 

 

IV. S IMULATION RES ULTS  

 

The lung CT image is taken as a input image and this we add 

Gaussian noise and We apply various de nosing filter for the 

noisy image after that we calculate PSNR and MSE value fo r the 

denoised image and draw the performance evaluation table to 

compare the image quality.  

 
Figure.4..D Original Image  

 

 
Figure.5.E Noisy Image 

 

Figure 1.D shows the original image and figure 1.E shows the 

noisy image in this noisy we use various denoised filter like 

Gaussian, Median Filter, Mean Filter,2D Order Statistics Filter , 

Bilateral filtering, IM Filter, St icks filter. After denoised we get  

the denoised  image for different filter and we calcu late PSNR 

and MSE value for the entire denoised image.  For the various 

filtering techniques PSNR p lot has been constructed. Figure 3 

will shows the PSNR plot  for various filtering techniques. In 

that, X-axis will show the number of images and Y-axis 

indicates the PSNR values. From that, plot clearly indicates IM 

filter having highest PSNR values than the Median and 

Gaussian, Mean, 2D order statistics filter, Bilateral filter and 

sticks Filter. 

 

TABLE 1 .PSNR RATIO AND MS E COMPARISON 

 
 

V.CONCLUS ION 

 

In this paper we compared the two efficient techniques namely 

the ANN based detector and Bilateral filtering technique for the 
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removal of impulse noise in digital images. Among them the 

bilateral filter removes the more noise and restores the image 

more efficiently than the art ificial neural network based 

technique. The performance of the proposed techniques is 

clearly illustrated in table.1 in accordance with the other filtering 

techniques which use same techniques as of ANN detector 

filtering stage. The EPR method in ANN technique results in 

decrease of its performance. The main advantage of the proposed 

method is that it effectively removes RVIN from images and 

gives a higher resolution in the restored images compared to the 

IN suppression filters ment ioned in this paper especially h ighly 

corrupted images. Another advantage of the proposed method is 

its simplicity. It is independent of any parameters and robust for 

low and high clutter densities. The most disadvantage of this 

method is processing time is h igher than most of the comparison 

methods used in this paper. While neural detection is realized in 

a few seconds, the total filtering takes more times because the 

EPR method require more computation time.  
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