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Abstract
In this paper, noise reduction scheme for images corrupted by 
various types of noise is presented. The efficient schemes are used 
to reduce the various types of noises. Images are often degraded 
by noise. Noise can occur during image capture, transmission, 
etc. Noise removing is an important mission in image processing. 
Generally the quality of the image processing technique has been 
strongly influenced by noise removal results of the images. The 
nature of the noise removal problem depends on the type of the 
noise corrupting the image. In the field of image noise reduction 
several linear and non linear filtering methods have been used.  
This paper presents the results for different filtering techniques 
to reduce the noise in images.
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I. Introduction
When an image is acquired by a camera or other imaging system, 
often the vision system for which it is intended is unable to use 
it directly. The image may be corrupted by random variations in 
intensity, variations in illumination, or poor contrast that must be 
dealt with in the early stages of vision processing [2]. Generally, the 
techniques for noise reduction have been based on mathematical 
analysis of the systems used to generate digital images, e.g., 
scanners and digital cameras. Image restoration filters analyze 
the different sources of noise and reduce their effect, such as the 
mean, or smoothing filter (MF) and the median filter to be effective. 
While these techniques are quite useful, they have significant 
shortcomings in the presence of a high level of noise [1]. Images 
can be contaminated with different types of noise for different 
reasons. For example, noise can occur because of the circumstances 
of recording such as electronic noise in a cameras, dust in front of 
the lens, because of the circumstances of transmission damaged 
data or because of storage, copying, scanning, etc. Impulse noise 
e.g., salt and pepper noise and additive noise e.g. Gaussian noise 
are the most commonly found. Impulse noise is characterized by 
the fact that the pixels in an image either remain unchanged or get 
one of the two specific values 0 and 1.Image noise is the random 
variation of brightness or color information in images produced 
by sensors and circuitry of a scanner or digital camera. Image 
noise can be originated in film grain and in the unavoidable shot 
noise of an ideal photon detector.
The two most common types of noise in image processing 
are Gaussian noise and Impulse noise, also known as salt and 
pepper noise. This type of noise may appear in digital image due 
contaminated impulse noise, which is caused by malfunctioning 
pixels in camera sensors, faulty memory location in hardware, 
or transmission in noisy channel. Salt and pepper noise scattered 
throughout the image in such a way pixels can take only the 
maximum and minimum values (0 and 255 respectively) in the 
dynamic range. Many researchers have been conducted and 
numerous algorithms were proposed to remove salt and pepper 
noise. Among these noise reduction techniques, majority splits the 
noise removal procedures into preliminarily detection of pixels 

corrupted by impulse noise followed by filtering the noise detected 
on the previous phase. Standard Median Filter (SMF) was one 
of famous among others due to its great denoising performance 
and computational efficiency [6]. Noise is the result of errors in 
the image acquisition process that results in pixel values that do 
not reflect the true intensities of the real scene. Noise reduction 
is the process of removing noise from a signal [5].

II. Noise Sources 
The percentage of pixels which are corrupted quantifies the noise. 
Corrupted pixels are either set to the maximum value or have 
single bits. The noise can be introduced by a number of ways 
into an image, depending on how the image has been created. 
For instance:

If the image is scanned from a photograph made on film, the • 
film grain is a source of noise. Noise may also be the result of 
damage to the film, or be introduced by the scanner itself.
If the image is acquired directly in a digital format, the • 
mechanism for gathering the data (such as a CCD detector) 
can introduce noise.
Electronic transmission of image data can make noise [5]• 

III. Noise Classifications
The original meaning of “noise” was and remains “unwanted 
signal”; unwanted electrical fluctuations in signals. Noise usually 
quantified by the percentage of pixels which are corrupted. 
Corrupted pixels are either set to the maximum value or have 
single bits. There are several ways that noise can be introduced into 
an image, depending on how the image has been created. Images 
are corrupted by random variations in intensity values called 
noise due to non-perfect camera acquisition or environmental 
conditions [3].
Assumptions: 

Additive noise: a random value is added at each pixel.• 
White noise: The value at a point is independent on the value • 
at any other point.

A. Salt-and-Pepper 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.

B. Gaussian Noise
In Gaussian noise, each pixel in the image will be changed from 
its original value by a small amount. A histogram, a plot of the 
amount of distortion of a pixel value against the frequency with 
which it occurs, shows a normal distribution of noise. Its intensity 
values are drawn from a Gaussian distribution [5].

C. Uniform Noise
The noise caused by quantizing the pixels of a sensed image to a 
number of discrete levels is known as quantization noise; it has 
an approximately uniform distribution, and can be signal may 
dependent, though it will be signal independent if other noise 
sources are plenty that cause dithering, or if dithering is explicitly 
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applied [5].

D. Speckle Noise (Multiplicative Noise)
While Gaussian noise can be modeled by random values added 
to an image, speckle noise can be modeled by random values 
multiplied by pixel values hence it is also called multiplicative 
noise. Speckle noise is a major problem in some radar applications 
[5].
Examples of Noisy Images

Fig. 1(a): Original Image, (b) Salt & Papper Noise, (c) Gaussian 
Noise, (d) Uniform Noise, (e) Speckle Noise

IV. Filtering to Remove Noise from Images 
It is a technique for modifying or enhancing an image. For 
example, you can filter an image to give emphasis to certain 
features or remove other features. Image processing operations 
implemented with filtering include smoothing, sharpening, and 
edge enhancement. Filtering is a neighborhood operation, in which 
the value of any given pixel in the output image is determined 
by applying some algorithm to the values of the pixels in the 
neighborhood of the corresponding input pixel. 
Basic Idea [4]: replace each pixel intensity value with a new value 
over a neighborhood of fixed size. The size of the filter controls 
degree of smoothing –large filter, large neighborhood, intensive 
smoothing

A. Linear Filters
As mentioned earlier, images are often corrupted by random 
variations in intensity values, called noise. Some common types 
of noise are salt and pepper noise, impulse noise, and Gaussian 
noise. Salt and pepper noise contains random occurrences of both 
black and white intensity values. However, impulse noise contains 

only random occurrences of white intensity values. Unlike these, 
Gaussian noise contains variations in intensity that are drawn 
from a Gaussian or normal distribution and is a very good model 
for many kinds of sensor noise, such as the noise due to camera 
electronics. 
Linear smoothing filters are good filters for removing Gaussian 
noise and, in most cases, the other types of noise as well. A 
linear filter is implemented using the weighted sum of the pixels 
in successive windows [2]. Averaging or Gaussian filters are 
appropriate for this purpose. Linear filters also tend to blur sharp 
edges, destroy lines and other fine image details, and perform 
poorly in the presence of signal-dependent noise [5].

1. Averaging filter
Replace each pixel by the average of pixels in a square window 
surrounding the pixel. Trade-off between noise removal and detail 
preserving:
– Larger window -> can remove noise more effectively, but also 
blur the details/edges.

Fig. 2: 3x 3 Averages Filter [4]
Firstly select a window of size 3x3.• 
Compute the average of window or filter values, if window • 
is of size 3x3 then sun of all the pixels in window is divided 
by 9.
Replace the center value of the filter by calculated average • 
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value.
Repeat this till all the intensity values are filtered.• 

 
Fig. 3: Experimental Results of Averaging Filter
(a). Original image, (b), rgb2grey, (c) salt $ pepper noise and (d) 
Average Filter

2. Adaptive Filter
The wiener function applies a Wiener filter (a type of linear filter) 
to an image adaptively, tailoring itself to the local image variance. 
If the variance is large, wiener performs little smoothing. If it is 
small, wiener performs more smoothing. This approach often 
produces better results than linear filtering. The adaptive filter is 
more selective than a comparable linear filter, preserving edges 
and other high-frequency parts of an image. Wiener works best 
when the noise is constant-power (“white”) additive noise, such 
as Gaussian noise [5].

Fig. 4: Adaptive Filter Experimental Results

B. Non-Linear Filters
In recent years, a variety of nonlinear median type filters such as 
weighted median, rank conditioned rank selection, and relaxed 
median have been developed to overcome various shortcomings 
[5].

1. Median Filter
The median filter is a nonlinear digital filtering technique, often 
used to remove noise, if properly designed, is very good at 
preserving image detail. Such noise reduction is a typical pre-
processing step to improve the results of later processing (for 
example, edge detection on an image). Median filtering is very 
widely used in digital image processing because, under certain 
conditions, it preserves edges while removing noise [3, 5]. Taking 
the median value instead of the average or weighted average of 
pixels in the window. Median: sort all the pixels in an increasing 
order, take the middle one. The window shape does not need to 
be a square. Special shapes can preserve line structures.
To run a median filter:

Consider each pixel in the image.• 
Sort the neighboring pixels into order based upon their • 
intensities. 
Replace the original value of the pixel with the median value • 
from the list.

Fig. 5: Computation of Median Values [3]

 
 (a)            (b)
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 (c )          (d)
Fig. 6: Experimental Results of Median Filter 
(a) Original image, (b) rgb2grey, (c) Salts and Pepper noise and 
(d) Median Filter

V. Conclusion
In this paper, different filtering techniques are discussed for 
removing the noises in color image. Furthermore, we presented 
and compared results for these filtering techniques. The Problem 
with Averaging Filter is that it blurs the edges and details in an 
image and it is not effective for impulse noise (Salt-and-pepper).
On other side the Median Filter is very effective in removing  salt 
and pepper or impulsive noise while preserving image detail but 
it is computationally complex and non linear filter. The future 
research will be focused on the construction of other filtering 
methods for color images to suppress other types of noises.
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