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Abstract: In order to overcome the shortage that the traditional image filtering algorithm can not preserve edges 
and details of digital images when filter out noises, a valid filtering algorithm for preserving edges and details of 
images is proposed in this paper. The algorithm first determines the pixel to be processed belongs to these three 
category that pixel belongs to the image itself, the background or the introducing noise of the process of image 
generation or transmission, and then uses different filtering policies to filter out noises according to the result of 
judgment. Because of different templates are used to filter out the pending pixel according to which template the 
pending pixel belongs to, the filtering algorithm can filter out noises as well as keeps the image’s edges and 
details effectively. The proposed algorithm is tested against different images, and it gives a better peak signal to 
noise ratio and a lower normalized mean square error. These results have also been checked and analyzed 
visually. The experimental results show that the proposed filtering algorithm not only can filter out the noise in 
image effectively but also protect edges and details of digital image well.  
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 

In many data acquisition, transmission and 
storage systems noise is introduced into the data. 
When the data is a two-dimensional image, this noise 
reduces the picture quality of the original signal. How 
to effectively suppress noise in the image and 
preserve edges and details of the image is one of the 
focuses in the research areas of digital image 
processing [1, 2]. Filtering out noises of digital image 
is not only an important task in image processing and 
pattern recognition, but also has a wide application 
prospect in the field of computer vision, especially in 
automatic detection field. In recent years, many 
scholars have studied the filtering algorithm of the 

image [3-5]. There are lots of common methods to 
filter out noises of digital image, which generally can 
be divided into two categories: one kind of filtering 
algorithm is linear filtering technique, and the other is 
non-linear filter. 

Linear filtering technique is a basic method to 
filter out noises of digital image and has gained the 
widespread concern of researchers because it is easy 
to realize parallel computing [6]. One of the common 
filtering techniques is mean filter algorithm, which is 
often used to filter out Gaussian noises of digital 
image. While the common non-linear filtering 
technique is median filter algorithm, which is often 
used to filter out impulsive noise of digital image. 
Median filter and average filter are usually used to 
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process impulse noise and Gaussian noise 
respectively. But when the image is corrupted by 
Gaussian noise and impulse noises simultaneously, 
good filtering effect cannot be obtained if only using 
median filter or average filter. In allusion to this 
question, an improved adaptive weighted average 
filter based on the medium value is proposed in the 
literature [7]. This method applies a new calculation 
method based on adaptive threshold to optimize 
coefficients of filter, and can suppress noise 
efficiently. However, due to the non-linear nature of 
impulsive noise, linear filtering techniques are unable 
to suppress it properly. To address this problem, 
many non-linear and adaptive filters are proposed. 
The literature [8] proposes an adaptive median filter 
based on neighborhood correlation. The proposed 
algorithm improves process of adaptive median 
filtering based on the distribution of gray value of 
neighborhood pixels. When the size of filter window 
is larger than the setting maximum, the recovery of 
the gray value of pixels is divided into large or small 
case. The gray value of contaminated pixel is 
reconstructed by offset median. The offset distance is 
determined by the size of filter window of improved 
adaptive median filtering. The literature [9] carries 
out a median filter algorithm based on noise detection 
by weighted average filtering, which detects and 
filters the waves of the noise by contrasting the noise 
image and weighted average filtered image. It filters 
the noise in the image effectively while keeping the 
original image information intact. Among these 
filtering techniques, standard median filter and its 
variants are considered more robust and effective 
[10]. These techniques replace every pixel with the 
median value computed over a small window without 
considering the pixel corrupted or noise-free. 
Consequently, the important image details such as 
texture information and edges are lost. 

To overcome this problem, many scholars have 
improved and expanded methods to filter out noises 
of digital image over the years. For accurate detection 
of noisy pixel image statistics, more sophisticated 
approaches like genetic programming, neural 
network, fuzzy logic, genetic algorithm, and self-
organizing map have also been proposed. In light of 
the deficiencies of traditional median filter, paper 
[11] adopts an improved PSO-random inertia weight 
method to seek the optimal parameter of fuzzy 
membership function, and then perform fuzzy median 
filtering on the noise image as well as recover the 
gray value of the pixel points stained by noise. The 
literature [12] gives an image de-noising method 
based on K-Means clustering and binary tree 
decision. Firstly, the neighborhood of each given 
pixel is partitioned by K-Means clustering according 
to the local grey level distribution. Secondly, the 
recognition rules for noise-polluted pixel detection 
are constructed, and the noise pixel can be detected 
based on multi-layer binary tree decision. The 
proposed algorithm only filters the recognized noise 
pixels without changing those non-polluted pixel 
values. This kind of method can get ideal result, but it 

requires a lot of storage space and processing time. In 
order to effectively clear away the speckle in SAR 
images while preserving the SAR images edge detail, 
the application of bilateral filtering is extended to 
SAR images de-speckling in literature [13]. The de-
specking evaluation indexes, including the equivalent 
number of books and the edge preserve index, are 
used to estimate the parameters. After BF with 
estimated parameters imposed on a normalized SAR 
image, the filtering result can achieve both de-
speckling and edge preservation simultaneously.  

There are different kinds of filters to remove salt 
and pepper noise, and the results of their performance 
are improved over time. Most of these filters are 
efficient in calculations, but their major problem is 
that they destroy fine lines and edges and cause the 
image to be smoothed. For instance, the median filter 
has a high ability to remove salt and pepper noises, 
but the disadvantage is that it removes the edges of 
the image for one or more pixels [14]. Some of the 
filters like adaptive weighted median filter [15] and 
improved algorithm for adaptive median filter with 
multi-threshold based on directional information [16] 
which focused on the central pixel of the window are 
suitable for slightly corrupted images, but they do not 
work properly for heavily corrupted images. The 
reason is that these filters cannot distinguish between 
noise and noise-free pixels, which causes the blurring 
and loss of important information in the image. In 
order to overcome the shortage that the traditional 
image filtering algorithm can not preserve edges and 
details of digital image when filter out noises, a valid 
filtering algorithm for preserving edges and details of 
image is proposed in this paper. The algorithm first 
determine the pixel to be processed belongs to these 
three category that pixel belongs to the image itself, 
the background or the introducing noise of the 
process of image generation or transmission, and then 
using different filtering policies to filter out noises 
according to the result of judgment. Because of 
different templates are used to filter the pending pixel 
according to which template the pending pixel 
belongs to, the filtering algorithm can filter out noises 
as well as keeps the image’s edges and details 
effectively. The experimental results show that the 
proposed filtering algorithm not only can filter out 
the noise in image effectively but also protect edges 
and details of digital image well. 

 
 

2. Common Improved Filtering 
Algorithms for Image 

 
In the processing of image’s generation and 

transmission, the picture will inevitably be influenced 
by noises so that the image quality has declined. 
There are lots of common methods to filter out noises 
of digital image. In noise detection techniques, noisy 
pixels are determined using some criterion that is 
based on the similarity or difference to the central 
pixel within neighborhood. Absolute difference in the 
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median or mean of the neighboring pixels is the 
simplest noise detection criterion [17]. If this 
difference is greater than a certain threshold value, 
then the central pixel is declared to be corrupted with 
noise. The problem in this paper can be stated as 
follows: The N x N image z has been corrupted with 
an additive-noise process n, and the noisy N  N 
image y, and y is observed: 

 
nzy   (1) 

 
The goal is to find a perceptually high-quality 

estimate of z, from only knowledge of y and limited 
knowledge of the corrupting noise process n. Various 
filtering techniques have been developed to suppress 
the noise in the signal in order to improve the overall 
picture quality [18]. 

 
 

2.1. A Valid Filtering Algorithm for 
Removing Mixed Noises in Image 

 
According to the characteristics of noise and the 

pixel correlation of image, a valid filtering algorithm 
for removing mixed noises in digital image is 
proposed. The algorithm can detect impulse noises 
accurately according to the characteristics that image 
pixels contaminated by impulse noises are 
significantly different from most of the pixels of their 
neighborhood in brightness, and then it takes the 
median filtering algorithm to filter the detected 
impulse noise using those pixels which are not 
contaminated in filtering window. Because the 
processed impulse noises and their neighborhood 
impulse noises are all not attended filtering operation, 
thus a good protection of the detail of the image is 
implemented. Afterwards, for removing Gaussian 
noise in image, it adopts an improved weighted 
average filtering algorithm. The algorithm considers 
not only gray correlation but also position correlation 
of pixels in defining correlation function. The 
experimental results show that the proposed mixed 
filtering algorithm not only can filter out the mixed 
noises in image effectively but also can protect image 
detail well [19]. 
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Fig. 1. Eight neighborhood of the point. 

2.2. Research on Image Hybrid Filter and 
Fusion Algorithm Based on Neural 
Network 

 
If Gaussian noises and salt and pepper noises both 

exist in image, single mean filter or median filter turn 
out to be dissatisfactory. The characteristics of noises 
and dominance of filter algorithms are analyzed at 
first. A hybrid filter and fusion algorithm based on 
neural network is proposed. Firstly, probabilistic 
neural network is built to detect the salt and pepper 
noises and Gaussian noises and remove them 
respectively by median filter and mean filter 
algorithm. Then trained radial basis function neural 
network is built to fuse the two kinds of different 
filtering image. The ideal fusion image is output 
finally. The results show that the proposed algorithm 
can effectively remove mixed noises and preserve 
image edges and details very well. It is an effective 
method of image de-noising [20]. 

 
 

 
 

Fig. 2. Structure diagram of algorithm. 
 
 
2.3. Improved Algorithm for Adaptive 

Median Filter with Multi-threshold 
Based on Directional Information 

 
To preserve the detail while removing Gaussian 

and pepper noise effectively, an algorithm based on 
second correction of filter value is proposed. 
Improved algorithm of adaptive median filter based 
on threshold value is used to detect the noise and 
filter, and then adaptive median filter algorithm with 
multi-threshold based on directional information is 
used to correct the filter value. The algorithm takes 
the advantages of noise detection performance of 
improved adaptive median filter algorithm and detail 
preserving performance of multi-threshold adaptive 
filter algorithm based on directional information. The 
experimental results show that the new algorithm is 
superior to traditional adaptive median filter 
algorithm and improved algorithm in terms of both 
objective evaluation and subjective visual effect [21]. 
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3. The ideas and realization of the 
algorithm in this paper 

 
3.1. The Ideas of the Algorithm in this Paper 
 

For each pixel in the digital image, they are 
divided into three categories:  

1) The pixel belongs to the target;  
2) The pixel belongs to the background; 
3) The pixel belongs to the introduction noise 

when image generation or transmission.  
And for noise pixels, they are divided into 

isolated noises and non-isolated point spot noises. 
We can use the average value of four neighboring 
pixels to take the replace of isolated noise points. 
Then for non-isolated noise points, they are divided 
into two categories based on the location of noise 
pixel on the image: the non-isolated point noise of 
edge region and non-isolated point noise of non-edge 
areas. We use different template windows to filter out 
non-isolated point noises according to their position 
in the image. 

As shown in Fig. 3, we choice a template of non-
directional and eight directional templates to 
determine whether the pixel to be processed is the 
pixel isolated. Cross in the center of each template is 
the symbols pixel to be processed and 1 is used to 
represent neighboring pixels of the pixel to be 
processed. Calculate absolute value of the difference 
of pixel’s gray value of the pending image and other 
pixels’ gray value in each template without the cross 
symbol itself. Judge the pending pixel belonging to 
the isolated noise points or non-isolated noise points 
according to the absolute difference, and then use 
different window templates for filtering by the 
judgment result. According to the following rules to 
deal with the pixel to be processed: 

1) Calculate the pixel’s gray value of the pending 
image and the mean value of all the pixels in each 
template except that the cross symbol of the pixel to 
be processed in Fig. 3, we can see the pixel to be 
processed as the isolated noise if the absolute value 
of the difference is very big. For the isolated noise in 
the image, its gray value can be used the 
neighborhood of all other pixels instead, which can 
remove isolated noise points in image completely. 
Therefore, for isolated noise points in the image of 
image, the algorithm adopts the four neighborhood 
template to process in Fig. 4.  

2) If the pixel is not the isolated noise point, then 
calculate the difference of the gray value of the pixel 
to be processed and the mean value of all the pixels 
gray in templates except that the pixel of the cross 
symbol. If the absolute difference value of the pixel 
to be processed and template X in Fig. 3 is minimum, 
then the pixel to be processed pertain to the template 
X in Fig. 3. For non-isolated noise points, if the X is 
the template a shown in Fig. 3, gray value of the pixel 
to be processed is the mean value of all the pixels’ 
gray template b in Fig. 4 except for the cross symbol 
of pixels. If the X is not the template a shown in  

Fig. 3, then we can judge the pixel to be processed to 
be non-isolated noise points of edge region or non-
edge region according to templates shown in Fig. 3. 

 
 

(a) No direction (b) Top (c) Top right 

(d) Right (e) Bottom right (f) Bottom 

(g) Left bottom (h) Left (i) Left top 

 
Fig. 3. Templates are used to determine whether  

the pixel to be processed is pixel isolated. 
 
 

 
(a) Neighbors-domain  

window 

 
(b) Eight neighborhood 

window 
 

Fig. 4. Templates are used to filter out the noise point. 
 
 

3) Compare the gray value of the processing pixel 
and the mean gray value of all the pixels in Fig. 5 in 
each template except that the cross symbol of the 
pixel to be processed. If the gray value of the pixel to 
be processed is far bigger or smaller than the mean 
gray value of all the pixels in Fig. 5 in each template 
except that the cross symbol of the pixel to be 
processed, and then the pixel to be processed is seen 
as non-isolated point noise in edge region, otherwise 
it is non-isolated point noise in non-edge region. For 
non-isolated point noise in edge region, its gray value 
use the mean gray value of all the pixels in each 
template in Fig. 5 except for the cross symbol of the 
pixel to be processed instead; for non-isolated point 
noise in non-edge region, its gray value use the mean 
gray value of all the pixels in template x except that 
the cross symbol of the pixel in Fig. 5 instead. 
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(b) Top (c) Top right 

 
(d) Right (e) Bottom right 

 
(f) Bottom (g) Left bottom 

 
(h) Left (i) Left top 

Fig. 5. Templates are used to determine whether the pixel 
to be processed is non-isolated noise point of the edge 

region. 

 
3.2. The Realization of the Algorithm  

in this Paper 
 

The concrete implementation steps of the 
algorithm in this paper are as follows: 

1) Read in the image to be processed; 
2) We use f (x, y) to express gray value of the 

image pixel, and set the threshold of T1 and T2 
respectively. The threshold of T1 is used to determine 
whether a pixel to be processed is the isolated noise 
while T2 to determine whether a pixel to be processed 
is non-isolated point noise in edge region. And you 
can deal with filtering algorithm proposed in this 
paper as follows: 

Step 1 Calculate the mean gray of the four pixel 
of each template except that the cross symbol of the 
pending pixel in Fig. 3, and then calculate D-value of 
each gray mean, gray value of pending pixel and the 
absolute value of all D-value; 

Step 2 Compare with the nine absolute D-value 
of calculated in Step 1, and find the minimum to 
mark as d1, then record the number of the 
corresponding template of the minimum value, 
supposing it is X. 

Step 3 If d1>T1, then the pixel can be judged as 
isolated noise point. Use the remaining four pixel 
values except that the cross symbol of the pixel of 
template a in Fig. 4 replace its pixel value to filter out 
isolated noise pixel. If the X is template a shown in 
Fig. 3, then use the mean gray value of all the pixels 
except that the cross symbol of the pixel replace 
pixel’s gray value to be processed of template x in 
Fig. 4. Skip Step 4, Step 5, Step 6 to Step 7. 

Step 4 If the X is template a, then we calculate 
the mean gray level of other pixels except the cross 
symbol of the pending pixel of each template in 
Fig. 3, the D-value of each gray mean value and gray 
value of pending pixels. Then calculate the absolute 
value of all D-value and record as d2. 

Step 5 If d2 > T2, the pixel processed can be 
judged as non-isolated point noise in edge region. 
Use the mean gray value of all the pixels except that 
the cross symbol of the pixel to be processed in each 
template in Fig. 3 replace its gray value so as to 
filtering out non-isolated noise pixel in edge region. 
Skip Step 6 to Step 7.  

Step 6 Use mean gray value of other pixels 
except the cross symbol of the pending pixel of each 
template in Fig. 3 replace gray pixel value to be 
processed, filtering out non-isolated pixel noise in 
non-edge region. 

Step 7 Change the pixel coordinates (x, y) of the 
image to be processed, repeat Step 1, Step 2, Step 3, 
Step 4, Step 5, Step 6, Step 7 until all pixels in image 
are processed. 

3) Save the image after filtering. 
 
 

4. Experimental Results and  
their Analysis 

 

In order to verify the effectiveness of the 
algorithm, we take noise image of 256-level 
grayscale as an example in this section. With a lot of 
images of different pollution levels for processing on 
the 2.5 GHz IntelE7200/microcomputer using the 
algorithm in this paper, we can obtain the correct 
results. Combined with the different solutions of 
filtering of the same image, similar filtering methods 
are compared from noise pollution both on 
performance and effect. Fig. 6 is a diagram of 
original and noise images of lean. Noise densities of 
the image are 25 %, 50 % and 75 %. Fig. 7, Fig. 8, 
Fig. 9 are diagrams of effect comparison of different 
filtering methods. 

As shown in Fig. 7, Fig. 8 and Fig. 9, we can 
obtain effect comparison of filtering methods of the 
literature [19, 20] and this paper above images from 
top to bottom. Fig. 7 is the filtered images by the 
algorithm in literature [19]; Fig. 8 is the filtered 
images by the algorithm in literature [20]; Fig. 9 is 
the filtered images by the algorithm in this paper. The 
visual effect can be seen in Fig. 7, Fig. 8 and Fig. 9, 
filtering effect almost equal of the algorithm in this 
paper and the literature [19], as well as the literature 
[20] algorithm filtering effect almost equal when the 
noise pollution is relatively weak. However, the 
algorithm of the literature [20] has lapsed for severe 
noise pollution. Although the filtering effect of the 
algorithm in literature [19] is significantly better than 
the literature [20], some of the image edge contour 
and useful information is retained. The filtering 
algorithm is better than the former two. It indicates 
that the algorithm has outstanding advantages for 
images of severe noise pollution. 
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(a) Original images of lean (b) Noise density is 25 % (c) Noise density is 50 % (d) Noise density is 75 % 

 
Fig. 6. Original and noise images of lean. 

 
 

 
   

(b) Noise density is 25 % (c) Noise density is 50 % (d) Noise density is 75 % 
 

Fig. 7. The filtered images by the algorithm in literature [19]. 
 
 

 
   

(b) Noise density is 25 % (c) Noise density is 50 % (d) Noise density is 75 % 
 

Fig. 8. The filtered images by the algorithm in literature [20]. 
 
 

 

   
(b) Noise density is 25 % (c) Noise density is 50 % (d) Noise density is 75 % 

 
Fig. 9. The filtered images by the algorithm in this paper. 
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Table 1. PSNR value comparison of the filtered images. 
 

Digital image 25 % 50 % 75 % 

Before filter 13.0834 10.1863 7.8411 

Literature [19] 18.5332 15.4533 12.5618 

Literature [20] 17.6924 17.3195 13.2706 

This paper 18.6226 19.4177 13.8611 

 
 

Aimed to obtain an objective evaluation of the 
quality, we introduce the formula (5) to get the Peak 
Signal to Noise Ratio of the output image. Then we 
test the filtering effect for the noise density of 25 %, 
50 % and 75 % of the images respectively and the 
results are shown in Table 1. PSNR in dB, G stands 
for gray levels of the original image, G is 256 in this 
paper, M and N denote the width and height of the 
image. As can be seen from Table 1, the PSNR value 
of the output images improve in varying degrees. The 
corresponding PSNR values of the algorithm in this 
paper are higher than the filtering algorithm in 
literature [19, 20]. For containing 25 % noise of 
images, the PSNR value of the algorithm in literature 
[19] is slightly higher than the literature [20]. But the 
visual effect is nearly the same basically as shown in 
Fig. 7 and Fig. 8. For containing 50 % and 70 % of 
noise, the algorithm in this paper corresponds to the 
highest PSNR value and this output image from 
Fig. 7, Fig. 8 and Fig. 9 can also get better visual 
effects. This is further validated that the filtering 
algorithm in this paper demonstrates advantages for 
images of severe noise pollution objectively. 
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The traditional image filtering algorithms take the 

same approach to deal with each pixel in image, thus 
filtering process is blind. Despite the filtering 
algorithm in literature [19, 20] introduce the part of 
noise pollution pixel identification, however, the 
determination of noise pollution pixel to the only 
current to the value of the pixel to be processed, 
while ignoring the neighborhood of the pixel where 
the local information. This makes opportunity to the 
number of non-polluting pixels are misidentified to 
the pixel noise pollution increases, filtering process 
will inevitably lead to the destruction of the useful 
information. Algorithm in this paper identify the 
pixels most of the noise pollution correctly and for 
several typical pixel noise pollution situation 
symptomatic treatment at the same time. It can 
distinguish noise pixels and edge pixels effectively, 
and can preserve the image details well in the 
effective noise suppression. 

 

5. Conclusions 
 
This paper presents a valid filtering algorithm for 

preserving edges and details of image. The algorithm 
first determine the pixel to be processed belongs to 
these three category that pixel belongs to the image 
itself, the background or the introducing noise of the 
process of image generation or transmission, and 
then using different filtering policies to filter out 
noises according to the result of judgment. These 
theoretical aspects have been practically confirmed 
on illustration examples of image filtering. More 
particularly, the proposed method is compared to 
other specific algorithms and evaluated under criteria 
with convincing global result. Examples demonstrate 
the flexibility and the quality of results that can be 
obtained with this method and show a high 
performance for image de-noising. The experimental 
results show that the proposed algorithm can 
effectively remove mixed noise and preserve image 
edges and details very well. It is an effective method 
of image de-noising.  
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