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Abstract: Digital images are playing a key role but while transmitting the image more disturbances are 
produced by the noise which corrupts the image. Denoising leads to good quality image and restoration of 
original information. To achieve denoising, various noise models are referred based on additive and 
multiplicative type also. Some are Gaussian noise, salt & pepper noise, speckle noise and Quantization noise. 
The filters are performing well in removing noise that is impulsive in nature. Denoising of images are done 
using the linear and nonlinear filtering techniques. The linear filtering is achieved using the mean filter and the 
LMS adaptive filter while the nonlinear filtering is performed using median filter. In this paper, a robust two 
state filtering technique is presented to remove Salt & Pepper noise in Grayscale image. First step, the algorithm 
identifies the center pixel and checks whether it is corrupted pixel or not. Second step, it will identify the 
surrounding pixel and it checks for corrupted pixels in the selected window, the corrupted pixels are replaced by 
the estimated value using the proposed filtering technique. The proposed filtering technique will produce better 
results compared with standard median filter.  
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1. Introduction 

Image is an optical representation of an object, which is produced by the light rays from the object 
which is being reflected or refracted by a lens or mirror. Image restoration is the process of elimination or 
decrease of degradations that are incurred while the images are being obtained. Poor quality of the image is the 
result of blurring as well as noise due to electronic and photometric sources. Blurring is the disturbance made in 
the image by reduction in bandwidth due to relative motion between the original picture and the camera. Even 
optical system out of focus also blurs the image. Blurring can be caused by atmospheric uncertainty when aerial 
photographs are produced for remote sensing purposes. Optical system aberrations, movements between camera 
and ground are also reasons for blurring. Not only blurring, noise is also another reason for disturbing the image. 
Noise can be defined as errors during the measurement process or during quantization of the data for digital 
storage. Noise can be produced in the transmission medium because of a noisy channel. The filters are good 
technique for removing noise that is impulsive in nature. The digital images are frequently corrupted by impulse 
noise due to errors generated in camera sensors, Analog-to-Digital Conversion and Communication Channels 
(ADCCC). Therefore, it is very important to remove Impulse noise in order to make the subsequent processing 
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such as edge detection, segmentation, analysis and pattern recognition possible. In image processing, images are 
often corrupted by positive and negative impulses stemming from decoding errors or noisy channels. Both are 
easily detected by the eye which degrades the image quality.  The Non-linear Mean Filter [1, 2] cannot remove 
such positive and negative impulses simultaneously. The Median Filter performs quite well, but it falters when 
the probability of Impulse Noise occurrence becomes high. To overcome these circumstances, a new algorithm 
proposed for Adaptive Median Filters with variable window size is called Ranked-Order Based Adaptive 
Median Filter (RAMF) [3,4], whose functions are based on two- level test. RAMF is robust (strong) in removing 
mixed impulses with high probability of occurrence while preserving sharpness.  

Median filter does not provide sufficient smoothing of Non-Impulsive noise. To overcome this, a new 
median filter is proposed, which is called as Impulse Size Based Adaptive Median Filter (SAMF) [4]. It will 
work based on adaptive length on impulse noise detection. A new framework for removing impulse noise from 
images is presented in [5, 6]. With the nature of the filtering operation, there is a state variable defined as the 
output of a classifier that operates on the differences between the input pixel and the remaining rank-ordered 
pixels in a sliding window. It is both robust and simple and leads to significant improvement in image 
restoration over other approaches. To be precise, a two-state method based on thresholding is used to detect the 
presence of impulse noise. When the state variable indicates corruption, the center pixel is replaced with a 
simple estimate based on the Order Statistic (OS) of the remaining pixels in the window. Otherwise it is left 
unchanged. The overall operation can be viewed as a special case of the outlier noise-cleaning method [6, 7] in 
which the original pixel value of a noisy image is estimated only if it is first detected as corrupted. 
Contrastingly, the median filter is used for the estimation portion of the noise-cleaning algorithm; a different 
approach is used as Rank-Ordered Mean (ROM). The ROM filter is more robust than the simple median filter 
because the window on which it operates does not include the corrupted center pixel. When this technique is 
generalized to multiple states, each individual state is less likely to predict with any degree of certainty whether 
the current pixel is corrupted or not and consequently whether it should be left unmodified or be replaced with a 
ROM estimate. 

Median filtering, being a nonlinear filtering technique is generally superior to Linear Filtering on 
effectively suppressing impulse noise. But, it tends to blur fine details or destroy edges while filtering out 
impulses. A new filter is proposed to trade off detail preservation against noise reduction is called Center 
Weighted Median (CWM) filters, which are applied for a weight adjustment to the center or origin pixel within 
the sliding window [12,13]. In order to remove impulse noise while preserving image details, the filtering is 
applied only to the corrupted pixels and the noise-free pixels are retained. This can be achieved by determining 
whether the current pixel is corrupted, being replacing it with a new value. Decision-based filters correspond to 
a well-known class of filters that appear to be particularly efficient to reduced impulse noise [7, 8]. To achieve 
this, a novel and effective median filter, called Tri – State Median (TSM) filter is proposed [8] which is 
successfully combining the SM filter with CWM filter; Noise detection is realized by an impulse detector, which 
takes the outputs from the SM and CWM filters and compares them with the origin or center pixel value in order 
to make a Tri-state decision.It is crucial to eliminate noise in the images before some subsequent processing, 
namely edge detection, image segmentation and object recognition. For this purpose, many approaches are 
suggested in [9]. In the past twenty years, median-based filters have attracted much attention because of their 
simplicity and capability of preserving image edges [10]. Still if the typical median filters are implemented 
uniformly across the image, they are liable to change both noise pixels and undisturbed good pixels. In order to 
prevent the damage of good pixels, the switching scheme is introduced in [11], where impulse detection 
algorithms are employed before filtering and the detection results are used to control whether a pixel should be 
modified. Hence a new algorithm has been proposed in this paper to address the problem, namely poor noise 
removal at high noise density. Which are commonly met in median filter. The proposed algorithm uses a 5x5 
window having windowing techniques and only neighbors of the corrupted pixel that have higher correlation. 
This provides poor edge details while preserving the image. The proposed algorithm filter shows consistent and 
stable performance across a wide range of noise density varying from 10% to 90%. Effective noise removal can 
be observed up to 90% when compared to median filter. In experimentation, it has been observed that the 
proposed filtering technique approach does produce considerable effective edge details. 

2. Propose Two State Filtering Technique to Remove Salt & Pepper Noise 

 Median filter is widely used to remove impulse noise without blurring sharp edges. However, when 
noise level increases or with thin edges, median filter may work poorly. This section proposes a new filtering 
technique which will detect noise and then replace noise corrupted pixel. Simulations show that the proposed 
filter can give excellent performance of suppressing impulse noise in all situations. 

2.1 Algorithme  

Step 1: Read the input image and convert it in to GRAY scale image. 

Step 2: Select 2-D window of size 5x5 and assume the window size as W=3  
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    [2(L+1)X(2L+1)]   where L is lies between -1 to +1. 

Step 3: Read the pixels inside the selected window and store it in S. 

S=[I(i-1,j-1),I(i-1,j),I(i-1,j+1),I(i,j-1),I(i,j),I(i,j+1),I(i+1,j-1),I(i+1,j),I(i+1,j+1)] 

Step 4: Calculate the center pixel as I(i,j). 

Step 5: Assume that the processing pixel as P(i,j). 

 Assume that the center pixel as S(i,j). 

Step 6: Compute minimum, maximum and median values in the selected window. 

Step 7: If the center pixel 0<S(i,j)<255 then considered as S(i,j)is uncorrupted pixel. 

 Its value is left unchanged else trimmed with mean value.  

Step 8: If processing pixel P(i,j)=0 or P(i,j)=255 then P(i,j) is a corrupted pixel then Two cases are possible  

Case (I): if the selected window contains all the elements as 0’s and 255’s, then replace the processing 
pixels with the mean of the elements of window. 

Case (II): if the selected window contains not all elements as 0’s and 255’s then eliminate 255’s and 
0’s and find the values of the remaining elements replace with the median values.  

Step 9: Assume that the selected window iterations N, N<=9 Where N=1, 2, 3…9.  

   Then the no of iterations are incrementing by 1 that is N=N+1, else increment the window size by 2 
that is W=W+2.  

Step 10: If the selected window does not contain sufficient elements to process then add 0’s in the selected 
window. 

Step 11: Repeat step 6 to step 8 until all the pixels in the entire image are processed 

2.3 Psucode 

Step 1. Read the image file 

i.  File full file 

ii.  Display user selected file 

RGB imred (file) 

RGB imresize (RGB,[256,256]) 

iii.  If ndims(RGB)==3 

GRAY rgb2gray(RGB) 

Else 

GRAY RGB 

iv. Imshow(GRAY,[]) 

Step 2. Noise Generation 

i. Display noise density lies between 0 and 1 
ii. ND Input Enter Noise Density 
iii. If isempty(ND) 

ND=0.7 

NoiseImg imnoise(unit8(GRAY) ,'salt & pepper',ND) 

Step 3. Filtering Technique 

I. MedImg   medfilt2(NoiseImg,[3 3]); 

[ROW COL]  size(NoiseImg) 

II. Y  uint8(NoiseImg) 

   I = Y 

W = 5 

Y = zeros(size(I)) 

iii. for i = 3:1:ROW-2 

for j = 3:1:COL-2 

CEN_PIX   I(i,j) 

S = [I(i-1,j-1),I(i-1,j), 

I(i-1,j+1),I(i,j-1),I(i,j),I(i,j+1),I(i+1,j-1),I(i+1,j),I(i+1,j+1)] 

N.Naveen Kumar et al./ International Journal of Computer Science & Engineering Technology (IJCSET)

ISSN : 2229-3345 Vol. 4 No. 07 Jul 2013 937



nNum = numel(find(S==0))+ numel(find(S==255)); 

if (CEN_PIX == 0 || CEN_PIX == 255) 

if (nNum == 9 ) 

Y(i,j) = mean2(S); 

else 

n = 1 ; 

temp = []; 

for m=1:9 

Iv. if (S(1,m) ~= 0 && S(1,m)~=255) 

temp(1,n) = S(1,m) ; 

n  n + 1 ; 

Y(i,j) = median(temp); 

else 

Y(i,j) = I(i,j); 

3. Simulation Results 

 The performance of the proposed algorithm is tested with different grayscale image. The noise density 
(intensity) is varied from 10% to 90%. Denoising performance quantitatively measured by PSNR. Table1 shows 
the comparison of PSNR values between median filter and proposed filtering technique. The figure1 show that 
the different between input image and median filter PSNR and proposed filter performance in terms of PSNR. 
Figure2 shows histogram of noise image and grayscale image. Figure3 shows the noise image and median filter 
image performance. Figure4 shows the performance of median filter image and proposed denoised filtering 
technique.  

 
Figure 1: Median Filter de-noised image with the PSNR value = 36.0274 at noise density= 0.3 
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Figure 2: Proposed Filter de-noised image with the PSNR value = 37.3408 at noise density= 0.3 

Table 1: Simulation results between median filter and proposed filter. 

 
Figure 3: Graph of different noise densities between Median Filter and Proposed Filter. 

Noise Level Input image PSNR Median filter Proposed filter 

10 38.64 38.45 38.64 

20 38.01 37.09 38.01 

30 37.29 35.79 37.29 

40 36.65 34.75 36.65 

50 35.95 33.28 35.95 

60 35.16 31.82 35.16 

70 34.13 30.27 34.12 

80 32.61 29.13 32.61 

90 30.38 28.02 30.38 
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Figure 4: This graph shows the Variation between the GRAY image and Noise image at noise density 0.6 

 
Figure 5: shows the variation between the noise image and median filter image at noise density 0.6 

 
Figure 6: shows the variation between the median filter image and proposed filter image at noise density 0.6, proposed filtering technique is 

better than the median filter to remove the Salt & Pepper noise 
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4. Conclusion 

The mean filter finds application where a small region in the image is concentrated. Median filter is 
widely used to remove impulse noise with blurring sharp edges at high noise density. However, when noise 
level increases, the median filter may work poorly. Hence a new algorithm has been proposed in this chapter to 
address the problem namely poor noise removal at high noise density, which are commonly met in median filter. 
The proposed algorithm uses a 5x5 window having windowing techniques and only neighbors of the corrupted 
pixel that have higher correlation. This provides poor edge details while preserving the image. The proposed 
algorithm filter shows consistent and stable performance across a wide range of noise density varying from 10% 
to 90%. Effective noise removal can be observed up to 90% when compared to median filter.  In 
experimentation it has been observed that the proposed filtering technique approach does produce considerable 
effective edge details.  
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