
Abstract
This paper presents an outline for the reduction of noise from 
digital images. A digital image is get corrupted from various 
types of noise during transmission and acquisition. A noise is 
any unwanted signal/pixel that may be added or subtracted during 
transmission. These unwanted signals/pixels decrease the image 
quality. To reduce the noise from images, various image de-noising 
filters are used. Image de-noising is a common procedure in digital 
image processing aiming at the suppression of different type of 
noises that might have corrupted an image during its acquisition 
or transmission. This procedure is traditionally performed in the 
spatial-domain or transform-domain by filtering. In this paper we 
proposed a spatial domain filter for image de-noising in digital 
images used for real time applications.
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I. Introduction
Ease of use and cost efficacy has contributed to the growing 
recognition of digital imaging systems [1]. However, inferior 
spatial resolution with respect to traditional film cameras is still 
a shortcoming. As a cost efficient alternate, image processing 
methods have been exploited through the years to improve the 
quality of digital images. Uncompressed pictures or video require 
very high data rates [6]. The transmission or storage of this data 
may be impractical, or even impossible for many applications. 
However, there is considerable redundancy both in video and 
pictures, allowing compression of data. Yet, compression ratios 
above a certain level are achieved at the expense of some loss 
of detail in the image or video. The amount of compression is 
determined by the bandwidth requirements for the particular 
application. De-noising -based coding is used extensively in 
image processing systems. In low bit rate applications, this scheme 
gives rise to blocking artifacts which severely reduce the visual 
quality of the image. Reducing blocking artifacts [14] is essential 
to render the compressed visual data acceptable to the viewer. 
So, to detect and reduce the noise from the image is a major task. 
In the literature the various types of filters [3] are introduced to 
suppress the noise from the digital images. But the noise remaining 
in the image edges, the image blurring, and the detection of type 
of noise are the research areas in image de-noising. To provide 
the better result and overcome these problems various non-linear 
filters [17] are developed. To detect and reduce the noise from 
digital images used for real time applications is a demandable 
area and required a non-linear filter for reducing noise. So in 
this paper we introduced a spatial domain filter which is used to 
detect and reduce the noise from the images which are used for 
real time applications. 

The core spatial-domain filtering activities are:
1. Read the image
2. Introduced noise
3. Apply various filters for reduction of noise

4. Compare the results of proposed filter with the existing filter 
such as mean, kaun filter & 4th order differential equation.

II. Types of noise
Noise in an image is a very common problem. An image gets 
corrupted with different types of noise [2] during the processes of 
acquisition, transmission/ reception, and storage/ retrieval. Noise 
may be classified as substitutive noise  (impulsive noise: e.g., salt 
& pepper noise, random-valued impulse noise, etc.) and additive 
noise (e.g., additive white Gaussian noise) [11].                                          
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Fig. 1: Image suppression due to different noises

A. Salt & Peepers noise
Salt and pepper noise is a form of noise typically seen on images. 
It represents itself as randomly occurring white and black pixels. 
An effective noise reduction method for this type of noise involves 
the usage of a median filter or a contra harmonic mean filter. Salt 
and pepper noise creeps into images in situations where quick 
transients, such as faulty switching, take place [17].

B. Gaussian Noise
Gaussian noise is statistical noise that has its probability density 
function equal to that of the normal distribution, which is also 
known as the Gaussian distribution. In other words, the values 
that the noise can take on are Gaussian-distributed. A special 
case is white Gaussian noise [16,17], in which the values at any 
pairs of times are statistically independent (and uncorrelated). In 
applications, Gaussian noise is most commonly used as additive 
white noise to yield additive white Gaussian noise.

III. Image de-noising filters
As discussed above there are two types of noise typically seen 
on images, Salt & Peepers noise and Gaussian noise. To remove 
these noises various filters are used. Selection of appropriate 
filter for de-noising is depends upon the type of noise. Various 
filtering techniques have been proposed for removing impulse 
noise in the past, and it is well known that linear filters could 
produce serious image blurring [7, 9].  As a result, nonlinear filters 
have been widely exploited due to their much improved filtering 
performance, in terms of impulse noise attenuation and edge/
details preservation. So here in the following section firstly we are 
going to discuss the three non linear filters which are widely used 
for image de-noising, than we present a proposed filter (Spatial-
domain filter) for removing noise from digital images used for 
real time applications.  

A. Fourth Order Statistics Filter
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Usually, sliding window technique [4] is employed to perform 
pixel-by-pixel operation in a filtering algorithm. The local statistics 
obtained from the neighbor-hood of the centre pixel give a lot of 
information about its expected value. If the neighbor-hood data are 
ordered (sorted), then ordered statistical information is obtained. 
If this order statistics vector is applied to a finite impulse response 
(FIR) filter, then the overall scheme becomes an order statistics 
(OS) filter [8,13].

B. Mean and Median Filters
The moving average or mean filter (MF) is a simple linear filter [5]. 
All the input data are summed together and then the sum is divided 
with the number of data. It is very simple to implement in hardware 
and software. The computational complexity is very low. It works 
fine for low power AWGN [12]. As the noise power increases, 
its filtering performance degrades. If the noise power is high, 
then a larger window should be employed for spatial sampling 
to have better local statistical information. As the window size 
increases, MF produces a reasonably high blurring effect and 
thus thin edges and fine details in an image are lost. The median 
(MED) filter [10, 11], on the other hand, is a nonlinear filter. 
Usually, such a computation is not required in most of image 
processing applications as the window length is normally an odd 
number. Thus, the MED operation can be completed in a very 
short time. That is, a MED filter may be used for online and real-
time applications to suppress noise. If an image is corrupted with 
a very low variance AWGN, then this filter can perform a good 
filtering operation [7].

C.  Kuan Filter
The Kuan filter is used primarily to filter speckled radar data. It 
is designed to smooth out noise while retaining edges or shape 
features in the image. Kuan filter [9] also smoothes the image 
without removing edges or sharp features in the images. It is only 
applicable for radar intensity image. Kuan filter first transforms 
the multiplicative noise model into a signal-dependent additive 
noise model. Then the minimum mean square error criterion is 
applied to the model. The resulting filter has the same form as 
the Lee filter but with a different weighting function. Because 
Kuan filter made no approximation to the original model, it can 
be considered to be superior to the Lee filter [13].

D. The Proposed Filter
The detailed algorithm for the (Proposed) Spatial domain filter 
is given as follows.
1. Assume D (i, j) is a moving window centered at pixel d(i, j) 
with a window size of 2k + 1 (where k is an integer). In this case, 
the window size is equal in both dimensions and has to be an odd 
number, such as 3, 5, 7, etc. To calculate the local mean and local 
standard deviation, it is necessary to first obtain the sum S(i, j) of 
all the N(i, j) pixel values in the moving window.

       (1)

    (2)

2. The local mean μ(i, j) of the moving window D is then computed 
as

   (3)

and the local standard deviation σ(i, j) is calculated as

 (4)

3. The range of valid pixel values can thus be determined by the 
above local statistics and a user-defined multiplier M. The lower 
bound LB (i, j) and upper bound UB (i, j) are defined as

   (5)

   (6)

4. If the central pixel l(i, j) at the mask moving window L equals 0 
(i.e., labeled as speckle), then only the original central pixel value 
d(i, j) is replaced by the local adaptive median r(i, j) of the local 
window, which is the median of all the values of the pixels that 
are labeled as valid, excluding speckle pixels. The local adaptive 
median r(i,j) is calculated as
r(i, j) = median (d(m, n))    (7)
Where
l(m, n) = 1 and i – k ≤ m, n ≤ i + k.   (8)
The quality of an image is examined by objective evaluation 
as well as subjective evaluation. For subjective evaluation, the 
image has to be observed by a human expert. The human visual 
system (HVS) is so complicated that it is not yet modeled properly. 
Therefore, in addition to objective evaluation, the image must be 
observed by a human expert to judge its quality.

IV. Performance evaluation   
The proposed algorithm is tested on various standard images. The 
algorithm is applied using various performance indices (namely 
MSE, MAE and PSNR) at different values & types of noises (Salt 
& Peepers Noise & AWGN). The result of proposed filter to detect 
and reduce salt & peppers noise is given below:

    
       (a)    (b)

     
      (c)            (d)
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       (e)             (f)

Fig. 2: (a) The original Pentagon image (b) The standard deviation 
σ=0.5 noisy image (c) Filtered image using fourth order differential 
equation filter (d) Filtered image using Kaun filter (e) Filtered 
image using mean filter (f) Filtered image using proposed filter.

V. Simulation results
The implementation of proposed filter is done in MatLab. The 
results shows that our proposed filter gives better results as compare 
with exiting filters. The proposed filter is used to detect and reduce 
noise from digital images used for real time applications. The 
performance evaluation and the graphical representation of results 
are given below.

A. PSNR Vs Noise Variance (Sigma) of Salt & Peepers 
Noise for Pentagon (512x512) image

The above figure shows the relationship between PSNR and 
Standard deviation(σ) of Pentagon Image using Mean Filter 
(blue), Kuan Method (green), Fourth order diff filter(red) and 
Proposed Method (sky blue).It is very clear from the plot that 
there is increase in PSNR value of image with the use of proposed 
method over other methods. This increase represents improvement 
in the objective quality of the image.

B. RMSE Vs Noise Variance (Sigma) of Salt & Peepers 
Noise for Pentagon (512x512) image

The above figure shows the relationship between RMSE and 
Standard deviation (σ) of Pentagon Image using Mean Filter 
(blue), Kuan Method (green), fourth order diff filter (red) and 
Proposed Method (sky blue).It is very clear from the plot that 
there is decrease in RMSE value of image with the use of proposed 
method over other methods. This decrease represents improvement 
in the objective quality of the image.

C. MAE Vs Noise Variance (Sigma) of Salt & Peepers 
Noise for Pentagon (512x512) image

The above fig. shows the relationship between MAE and Standard 
deviation(σ) of Pentagon Image using Mean Filter (blue), Kuan 
Method (green), Fourth order diff filter(red) and Proposed Method 
(sky blue).It is very clear from the plot that there is decrease in 
MAE value of image with the use of proposed method over other 
methods. This decrease represents improvement in the objective 
quality of the image.
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VI. Conclusion
In this paper, various spatial-domain filters for suppression of salt 
and peppers noise & Zero-Mean Gaussian White Noise (AWGN), 
available in literature, are studied and their performances are 
analyzed. Considering the limitations of the existing filters, efforts 
have been made to develop a spatial-domain filter. The performances 
of the proposed filter are compared with existing spatial-domain 
filters. The objective evaluation metrics: peak-signal-to-noise 
ratio (PSNR), root mean-squared error (RMSE), mean absolute 
error (MAE), and execution time/Time complexity (TE/TC) are 
considered for comparing their filtering performances.

VII. Future work
Some new directions of research in the field of image de-noising 
are not yet fully explored. There is sufficient scope to develop 
very effective filters in the directions mentioned below.

A. A Fuzzy logic and neural network may be employed for 
optimizing the tuning parameters needed in the different filters.

B. The widow size of different filters can be made adaptive for 
efficient de-nosing. The shape of the window can also be varied 
and made adaptive to develop very effective filters.

C. Some other transforms such as DWT, DHT, curve let and slant 
let can be used for image de-noising.
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Table 1: Comparison of proposed Algorithm with other Algorithms on the basis of PSNR, RMSE & MAE indices for Pentagon 
image.
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1 0.1 17.423 34.438 21.5392 1.424071 23.892 16.353 14.523 20.604797 17.426 34.429 21.986 2.510677 26.418 12.226 7.2127 2.791386

2 0.2 14.691 47.172 33.8554 1.262326 22.038 20.245 20.087 20.408205 14.776 46.711 33.822 2.581813 25.956 12.894 7.9292 2.589858

3 0.3 13.036 57.072 45.7274 1.296424 20.655 23.737 24.673 20.987863 13.150 56.327 46.003 2.587337 25.287 13.928 9.1246 2.554171

4 0.4 11.814 65.693 58.39 1.267728 19.679 26.561 28.835 21.901224 11.959 64.607 57.814 2.762378 24.154 15.867 11.337 2.630994

5 0.5 10.877 73.172 70.20 1.263914 18.744 29.580 32.922 22.114513 11.017 72.001 69.914 2.729903 22.953 18.221 14.271 2.590732
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