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Abstract: Image processing is a way to convert an
image into digital form and perform some operation
on it to obtain some useful information from it. The
main aim of image processing is to visualization,
Image sharpening and restoration, image retrieval,
measurement of pattern, image recognition. In
Digital Image Processing, the images are more prone
to noise due to image capture and transmission. The
image obtained after transmission is often corrupted
with different types of noise.Digital images are
contaminated by various types of noises such as
Gaussian, Speckle and Impulse noise. In this survey
different types ofnoises, degradation and restoration
modelsare discussed. We also give a brief
introduction about different types of filtering
algorithms such as Mean filter, Median filter and
Adaptive filters to reduce noise present in the digital
image.

Additive Noise Model:
Most images are affected to some extent by noise.
Noise means unexplained variation in data. Additive
noise[1] get added to the original image to form a
corrupted noisy image. The following figure shows
the additive noise mode. Addictive noise[7] model
follows the following rule.

W(x , y)=S(x , y)+N(x , y)
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I.INTRODUCTION
Removing or reducing noise in digital image is a key
challenge in Digital Image Processing. In Image
Processing, high quality images are essential to
obtain high accuracy on feature extraction,
classification etc.This paper deals with various
filtering techniques for different types of noise such
as Gaussian, Speckle and Impulse noise. The
documentation of this paper is as follows. Section 2
is discussed about various types of noise model,
Section 3 is discussed about degradation and
restoration model. Section 4 is dealing with the
different types of filtering algorithms and finally
section 5 gives conclusion based on survey result.
II. NOISE MODEL
Noise means unwanted modification in the signal
during capture, storage, transmission, processing or
conversion. Image is corrupted by blurring effect or
by noise too. The image captured after transmission
is often corrupted with noise. Noise may be in
Additive or Multiplicative form in an image.
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Figure 1:Additive noise Model
Multiplicative Noise Model:
Multiplicative noise[1] is nothing but
unnecessary random signal that gets multiplied into
some useful image during image capture,
transmission or other processing.
(Eg) Speckle noise captured in radar
imagery.
Multiplicative noise model follows the following
rule

W(x , y)=S(x , y)*N(x , y)
Figure 2:Multiplicative Model
NOISES IN IMAGES:
To reduce these noises, prior learning of
noise model[9] is important for further processing.
There are different types of noise present in image
that can corrupt the original image. Some of the
noise are (i) Gaussian noise (ii)Speckle noise
(iii)Impulse noise.
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(i)Gaussian noise:
Gaussian noise[3] is also called Normal noise is
randomly occurs as white intensity values, having
probability distribution function equal to that of
normal distribution. It is also called as Gaussian
distribution.
Gaussian distribution noise can be expressed by,
1
2
𝑃 𝑥 =
∗ 𝑒 𝑥−𝜇 𝑧/2𝜎
𝜎 2𝜋
Where P(x) is the Gaussian distribution[5]
noise in an Image, z represents the grey
level(Gaussian random variable), µ and 𝜎 is the
mean and standard deviation respectively.
(ii)Speckle noise:
Speckle noise[4] is also called data drop out noise. It
is caused due to data transmission error. The
following formula shows the speckle noise pattern.
Speckle noise pattern:
g(x , y))=f(x , y)*n(x , y)+n1( x, y)
Where g(x , y) is observed image, n( x, y) and n1(x ,
y) is the multiplicative and additivecomponent of
speckle noise x, y denotes the axial and lateral
indices of the image sample. Considered only the
multiplicative noise component and ignore additive
noise component then the above equation becomes
like the following
g(x , y))=f(x , y)*n(x , y)
(iii)Impulse noise:
Impulse noise[2] is also called “Salt and Pepper” [6]
noise or “Spike” noise. Salt and pepper noise means
image contains dark pixels in bright region and
bright pixels in dark regions. This type of noise can
be introduced in an image due to analog to digital
converter error , by dead pixels ,bit error during
transmission etc.
Impulse noise pattern:
P(x) =

P1,

x=A

P2,

x=B

0,

otherwise

Where P1, P2 are the Probabilities Density Function
(PDF) p(x) is distribution of salt and pepper noise in
image and A, B are the array size image.

III. DEGRADATION AND RESTORATION
MODEL:

enhance or improve the quality of an image,
identifies the type of noise and tries to reverse it.
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Figure 3:Degradation and Restoration
Model
Image Restoration[10] techniques are used to recover
original image from corrupted with prior knowledge
of degradation process. Restoration process follows
the following steps,
(1)Modeling of Degradation
(2)Apply the inverse process to recover the original
image.
Restore image is not the original image. It is an
approximation of the original image.
IV. FILTERS USED FOR RESTORATION
PROCESS:
The main goal of image restoration is to
remove the noise from the image in such a way that
the original image quality will be retained. In an
image, Filters[2 ] are used to re-evaluate the value of
every pixel. Filters improve images by applying
transformation function based on group of pixels.
Depending on the application, one can select the
denoising algorithm.
Spatial domain:
Spatial domain directly deals with the
image matrix. It works on images as it is(no
transformation required). In spatial domain the value
of the pixels of the image changes with respect to
scene. The following diagram illustrate the spatial
domain model.
Input
Image
Matrix

The degradation may cause due to sensor
noise, camera misfocus etc . The degradation[3] may
cause due to some other reasons like relative object,
camera motion, to random atmospheric turbulence
etc. The main focus on image restoration is to
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Figure 4:Spatial Domain
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Spatial domain filters:
Image noise is the random variation of
brightness or color information in image. Spatial
domain filtering techniques are mostly used to
remove random noise present in an image.
Frequency domain:
Frequency domain analyze image with
respect to frequency. It deals with the rate at which
the values of pixels changing in spatial domain. The
following figure 5 shows the frequency domain
model.
Input
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Figure 5:Frequency Domain
Steps followed in Frequency domain is as follows:
(i)Transform the image to its frequency
domain.
(ii)Process the given image I.
(iii)Retransform the output of the
processing unit(Inverse Transformation).
Transformation functions such as Fourier transform,
Laplace transform and Z transform are used to
convert images from the spatial into frequency
domain. Mostly, Fourier transform are used to
convert images from the spatial into frequency
domain
Frequency domain filters:
Frequency domain filtering techniques are
mostly used to remove periodic noise. Periodic noise
arises due to electrical or electromagnetic
interference.
Filters used for restoration process as follows,
(i)Mean filters
(ii)Order statistic filters (Median filters)
(iii)Adaptive filters
Mean Filters:
Mean filter[3] is also called as smoothing
,average and Box filter.Mean filters are defined by
taking average of intensity value in a M*N region of
each pixel. It is a sliding-window filter.
ℎ 𝑖, 𝑗 = 1/𝑀𝑁

𝑘€𝑀

𝑖€𝑁 𝑓(𝑘, 𝑖)
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Figure 6:Mean filter
The following formula is used to calculate
the mean value of the kernel.
Meanvalue
[Xnew]=[X1+X2+X3+X4+X5+X6+X7+X8+X9]/9
Meanvalue[Xnew]=[X1+X2+X3………Xn]/n
In this 3*3 kernal , center value X5 is
replaced by the mean of all nine values. (ie Xnew)
Median filters:
Median filters[6][8] are also called Order
statistic filters. This is very simple and non-linear
filters. If multiplicative function based noise is
present in the original image, this filter is widely
adopted to remove such kind of noise . It is used to
reduce the amount of intensity variation between one
pixel and the other pixel.
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Figure 7:Median filter
The following formula is used to calculate
the median value of the kernel.
Median value [Xnew] = [Sort the element in
an ascending order and find the mid value]
Median
value
[Xnew]
=
[X1,X2,X3,X4,X5,X6,X7,X8,X9]
Xnew=X5
In this 3*3 kernal , center value X2 is
replaced by the mean of all nine values. (ie Xnew)
Adaptive filters:
An adaptive filter is a filter containing
coefficients that are updated by some type of
adaptive algorithm to improve the filter response to a
desired performance. Each and every adaptive filters
have two parts. One is a linear filter and another one
is adaptive algorithm.
The linear filters fall into the following
filters type, such as (i) Finite Impulse Filters
(FIP)[11] (ii) Infinite Impulse Filter (IIP)[11].Apply
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different algorithm to the adaptive filters to adjust
the filter coefficients to minimize the cost function.
Cost function: J(n)=E[ 𝑒 2 (𝑛)]
Where E is the expectation of 𝑒 2 (𝑛) and
𝑒 2 𝑛 is the square of the error signal at time n.
Calculation of the cost function J(n):
The adaptive filter algorithms are used to
calculate the cost function, falls into two broad
categories .
(i) Least Mean Square (LMS)
algorithms[12]
Cost function: J(n)=E[ 𝑒 2 (𝑛)]
This
algorithm
uses
the
instantaneous value of 𝑒 2 (𝑛) at time n as the
estimation of
E[ 𝑒 2 (𝑛)].
(ii)Recursive Least Mean Square
(RLS) algorithms[12]
Cost
function:
J(n)=
1/
𝑁−1 𝑖 2
N 𝑖=0 𝜆 𝑒 (𝑛 − 𝑖)
Where N is the filter length and 𝜆 is the
forgetting factor(factor is(0,1)).This algorithm
calculates not only the instantaneous value 𝑒 2 (𝑛)
but also past value such as 𝑒 2 (𝑛 − 1) ,𝑒 2 (𝑛 − 2)
….𝑒 2 (𝑛 − 𝑁 + 1).
V.CONCLUSION:
Removing noise from a digital image
(Image de-noising)is an essential pre-processing
task before processing images like segmentation,
feature extraction, texture analysis etc.
The
motivation of this paper is to present a survey of
digital image de-noising filters. We also give brief
introduction about types of noise, various filtering
techniques and degradation and restoration model.
Each techniques, has its own advantages and
disadvantages. This paper will be helpful for the
researchers in understanding the concept of types of
noise, filtering techniques, degradation and
restoration model.
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