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ABSTRACT

In this project impulse noise reduction method for color images is presented. Color images that
are corrupted with impulse noise are generally filtered by applying a gray scale algorithm on
each color component separately or using a vector-based approach where each pixel is
considered as a single vector. The first approach causes artifacts especially on edge and texture
pixels. Vector-based method were successfully introduced to overcome this performance while
much less artifacts are introduced. The main difference between the proposed method and other
classical noise reduction methods is that the correlated color information id taken into account
to develop

a) A better impulse noise detection method.

b) A noise reduction method that filters only the corrupted pixels while preserving the color

and the edge sharpness.

Experimental results show that the proposed problem. Nevertheless, they tend to cluster the
noise and to receive a lower noise reduction performance. In this project, we discuss an
alternative technique which gives a good noise reduction method provides a significant

improvement on other existing filters.
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ABSTRACT

In this work, a two step fuzzy filters is presented to remove the impulse in the color image. For
removal of the noise the R,G,B color space is chosen. In the proposed method first impulse noise
is detected by the method based on the following two assumptions

This nonlinear filtering technique contains two separate steps:

1) impulse noise detection &

2) noise removal using fuzzy technique while preserving the fine details. Based on the concept of
Laplacian operator method & median method, impulse noise is detected. The detected noise
partially removed by switching action than further improved by application of fuzzy membership
function. Experimental results show that the two step fuzzy filter provides a significant

improvement on other existing filters available in the literature.



Chapter 1

Introduction

1.1 Introduction to Image Processing

Image Processing is a technique in which the data from an image are digitized and computed.
The Image processing includes digital image processing, scanning, indexing images, digital
edition image processing, image assessment service using the latest technology.
Our Image processing team provides you with high quality, accurate, and reliable service.
Utilizing our most modern digital image processing software and experienced professionals, we
provide you with proven technology solutions. Our scanning and imaging experts provides
services to both large scale as well as small scale image processing projects that require quick
data processing turnaround and high quality deliverables.

Digital Image processing is a rapidly growing area of computer science & engineering.
Processing of Digital image by means of a digital computer is known as digital image
processing. An image may be defined as a two dimensional function, f(x, y), where x and y are
spatial coordinates. These elements are called pixels and the amplitude of a pixel is the intensity
or gray level of the image at that pixel in the gray image. Each pixel is a scalar proportional to
the brightness. The minimum brightness is called black, and the maximum brightness is called
white. A typical example is given in Figure 1.1. A color image measures the intensity and

chrominance of light.




Figure 1.1: A typical grayscale image of Lena of resolution 256 x256

For storage purposes, pixel values need to be quantized. The brightness in grayscale images is

usually quantized to L levels so; T (¢ ¥Y)€ 01 L1} g quantization level L has the

form of 2" the image is referred to as having L bits per pixel. Many common grayscale images
use 8 bits per pixel, giving 256 distinct grey levels. In medical applications often use 12-16 bits

per pixel, as their accuracy could be critically important.

1.2 Fuzzy Logic in Image Processing

1.2.1 Introduction to fuzzy logic

Fuzzy logic was initiated in 1965 by Lotfi A. Zadeh, professor for computer science at the
University of California in Berkelay.

Basically, fuzzy logic is a multivalued logic that in a narrow sense, fuzzy logic refers to a logical
system that generalizes classical two valued logical for reasoning under uncertainty. In a broad
sense, fuzzy logic refers to all of the theories and technologies that employ fuzzy sets, which are
classes with unsharp boundaries. Notions like rather tall or very fast can be formulated
mathematically and processed by computer, in order to apply a more human-like way of thinking

in the programming of computers.[2]

Fuzzy system is an alternative to traditional notion of set membership and logic that has its origin
in ancient Greek philosophy. Fuzzy logic has emerged as a profitable tool for the controlling and
steering of the systems and complex industrial processes as well as for household and

entertainment electronics, as well as other expert systems and applications.

Fuzzy Fundamentals

Fuzzy logic technique is based on four basic concepts:

(1) Fuzzy Sets : Sets which smooth boundaries.

(2) Linguistic variables : Variables whose values are both qualitatively and

quantitatively described by a fuzzy set.
(3) Possibility distributions Constraints on the value of a linguistic variable imposed



by assigning it a fuzzy set.

(4) Fuzzy-if-then rules : A knowledge representation scheme for describing
functional mapping or logical formula.

Example

Fuzzy set theory is the extension of conventional (crisp) set theory .It handles the concept of
partial truth (truth values between 1 (completely true) and O (completely false)). It was
introduced by Prof. Lotfi A. Zadeh of UC/Berkeley in 1965 as a means to model the vagueness

and ambiguity in complex systems.

The idea of fuzzy sets is simple and natural. For instance, we want to define a set of gray levels
that share the property dark. In classical set theory, we have to determine a threshold, say the
gray level 100. All gray levels between 0 and 100 are elements of this set; the others do not
belong to the set. But the darkness is a matter of degree. So, a fuzzy set can model this property
much better. To define this set, we also need two thresholds, say gray levels 50 and 150. All gray
levels that are less than 50 are the full members of the set, all gray levels that are greater than
150 are not the member of the set. The gray levels between 50 and 150, however, have a partial

membership in the set (right image in Figure 1.2)

1 crisp set 1] fuzzy set
"dark gray-levels"” "dark gray-levels"

0 - D
| . . |
0 S0 100 150 255 g sp 100 150 255

Fig. 1.2 Representative of “dark gray-levels” with a crisp and a fuzzy set



1.2.3 Fuzzy Image Processing

Fuzzy image processing is not a unique theory. It is a collection of different fuzzy approaches to
image processing. Nevertheless, the following definition can be regarded as an attempt to

determine the boundaries.

“Fuzzy image processing is the collection of all approaches that understand, represent and
process the images, their segments and features as fuzzy sets. The representation and processing

depend on the selected fuzzy technique and on the problem to be solved.”

Fuzzy image processing has three main stages: image fuzzification, modification of membership

values, and, if necessary, image defuzzification.

expert knowledge J
o :
nage image membership image result
fuzzification modification defuzzification

Fig 1.3 The general structure of fuzzy image processing.

The fuzzification and defuzzification steps are due to the fact that we do not possess fuzzy
hardware. Therefore, the coding of image data (fuzzification) and decoding of the results

(fuzzification) are steps that make possible to process images with fuzzy techniques. The main



power of fuzzy image processing is in the middle step (modification of membership values).
After the image data are transformed from gray-level plane to the membership plane
(fuzzification), appropriate fuzzy techniques modify the membership values. This can be a fuzzy
clustering; a fuzzy rule-based approach, a fuzzy integration approach and so on. These steps are

shown in Figure 1.3.

Fuzzification

The fuzzification comprises the process of transforming crisp values into grades of membership
for linguistic terms of fuzzy sets. The membership function is used to associate a grade to each
linguistic term.

2
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Figure 1.4: Fuzzification of a car speed

- g . Ig = 0 J.i]:l:l..."']l .
Example  For the fuzzification of the car speed value the two membership

functions Ha and HE from Figure 1.4 can be used, which characterise a low and a medium speed

. . g = TOkm/h .
fuzzy set, respectively. The given speed value of belongs with a grade of

a(1g) =078 - _ (ra) =025
#alzo) to the fuzzy set “low" and with a grade of #s(z0) to the fuzzy set

““medium".

Defuzzification



Once the rules have been composed the solution, as has been seen, is a fuzzy set. However,
for most applications (in particular in control) there is a need for a single action or “crisp'
solution to emanate from the inferencing process. This will involve the “defuzzification' of the
solution set. There are various techniques available. Lee [16]describes the three main
approaches as the max criterion, mean of maximum and the centre of area. The max criterion
method finds the point at which the membership function is a maximum.

The mean of maximum takes the mean of those points where the membership function is at a
maximum. The most common method is the centre of area method which finds the centre of
gravity of the solution fuzzy sets. For a discrete fuzzy set this is

““Unfortunately, there is no systematic procedure for choosing a defuzzification strategy.".
Although the process of reducing the final fuzzy set to a crisp value does seem appropriate
for control problems much information is lost by doing this and further work needs to be done
on how to use the information available in the solution fuzzy set.
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Fig.1.4 Steps of fuzzy image processing

1.2.4 Advantages of Fuzzy Image Processing

We use Fuzzy techniques in image processing. There are many reasons to do this. The most
important of them are as follows:

Fuzzy techniques are powerful tools for knowledge representation and processing.

Fuzzy technigues can manage the vagueness and ambiguity efficiently.
In many image processing applications, we have to use expert knowledge to overcome the
difficulties(e.g. object recognition, scene analysis). Fuzzy set theory and fuzzy logic offer us
powerful tools to represent and process human knowledge in form of fuzzy if-then rules. On the
other side, many difficulties in image processing arise because the data/tasks/results are
uncertain. This uncertainty, however, is not always due to the randomness but to the ambiguity
and vagueness.
Beside randomness which can be managed by probability theory we can distinguish between

three other kinds of imperfection in the image processing represented in fig(1.5)

e Grayness ambiguity
e Geometrical fuzziness

e Vague (complex/ill-defined) knowledge

These problems are fuzzy in the nature The question whether a pixel should become darker or
brighter than it already is, the question where is the boundary between two images segments, and

the question what is a tree in a scene analysis problem, all of these and other similar questions



are examples for situations that a fuzzy approach can be the more suitable way to manage the
imperfection.

low-level intermediate - level high-level
image Segmentation Analysis result
> | Preprocessing iy Representation Interpretation @
Description Recognition
1 I L
Grayness Geometrical Vague
Ambiguity Fuzziness Knowledge

Fig.1.5 Uncertainty / imperfect knowledge in image processing.

1.2.5 Classification of Fuzzy Filters

The fuzzy logic in image processing is discussed as above . For a meaningful classification of
fuzzy filter we will consider on the following criteria:
Noise Type : for which noise type is the filter designed.
Degree of fuzziness : whether the filter a pure fizzy filter or is it rather a
modification of one or more classical filters.
Fuzzy rules : which criteria are used by the fuzzy rules to determine whether
a pixel is a noise pixel or not .
Algorithm . whether the algorithm iterative or recursive?

Complexity : how complex is the construction.



1.3 Noise reduction

Noise, discussed in the next chapter, reduction is an important step in many image processing
applications. The image may easily corrupt during storage, scanning, transmission etc.
Corruption of image by impulse noise is a frequent problem in image processing. It is necessary
to remove noise from the image before some subsequent processing such as edge detection,
image segmentation and pattern reorganization. Non linear techniques for noise reduction are
very effective due to their specific ability to perform an effective nose cancellation without

degrading the image structure.

A large number of filters have been proposed to remove impulse noise while preserving image
details. In the literature median based filter and its modification is used widely because of their
effective noise suppressive capability and their simplicity. However most of the median filters
are implemented uniformly across the image, they tend to modify both noise pixel and

undisturbed good pixels.

The basic principle of noise reduction is replacing the gray level of every pixel with a new value
depending on the local window. The filtering action should distinguish between unwanted noise
and image information. Hence ideal algorithm for noise cancellation should vary from pixel to
pixel depending upon local context. For example if window region is free from noise, then
average of window values must be taken for the new pixel value. On the other hand if window
region contains edge or non impulse noise pixel, different type of algorithm should be used to

preserve image information but it is very difficult.

Fuzzy filters have been suggested as on means of solving above problem It succeeded in
removing impulse noise while preserving image detail such as edge. For example consider the
following fuzzy rule for impulse noise detection.

If pixel value in the region is large.

Then pixel is impulse noise pixel.
The antecedents of fuzzy rules are constructed by using two important local characteristics.

Improvement in the central pixel by applying fuzzy rule / other equation.



Apply fuzzy membership function.
Since the fuzzy filter is able to change its property according to local characteristics in given

window, it can remove Impulse noise while preserving image details.

Two important features as presented above estimates a Improvement in the central pixel which is
sensitive to local variation due to image structure such as edges; and then apply the membership
function accordingly to the noise level to perform as “fuzzy filter” for noise reduction. These

rules examine each pixel that is processed and determine a correlated term.

The evaluation of the performance of classical and fuzzy filters for impulse noise will be
supported by numerical and visual experiments. Among other things, we will compare whether
fuzzy filters perform better than classical filter. We will also compare other available fuzzy

filters and whether good numerical results are also confirmed by good visual results.

Since most effective approaches of Impulse noise reduction are non linear and adaptive nature.

We are trying to develop fuzzy filter for impulse noise reduction in images.

The fuzzy filter removes ‘salt and pepper’ and ‘random’, noise from the image. This filter
suppresses impulse noise effectively while preserving details of the image information. Here
depending on the fuzzy rule, we use S-function to remove noise by taking the parameter

o”,”B,”and “y”. The parameters are evaluated from the trial and error procedure from image

depending upon image information.

Chapter 2
NOISE

2.1. Introduction



Generally, noise in signal processing is interpreted as ‘unwanted signals’. However, in the
context of image processing, noise is termed as the displacement of the signal intensities from
their original values. A fundamental problem of image analysis is to effectively remove noise
from an image while keeping its fundamental structure constituting of edges, corners, etc., intact.
The nature of the noise removal problem depends on the type of the noise corrupting the image.
The two most commonly occurring types of noise are: Additive noise (e.g. Gaussian and Impulse
noise) and Multiplicative noise (e.g. Speckle noise).

In this chapter, the degradation process modeled, which included noises such as uniform noise,
salt and pepper noise and Gaussian noise etc. Figure 2.1 shows how these types of noise affect a

typical grayscale image.

Figure 2.1: Different types of noise: (a) original image; (b) additive noise; (c) multiplicative

noise; (d) impulse noise.

2.2 Noise Model



2.2.1 Additive noise

Let 95 Y)he the noisy image of the ideal image, T %), and "% ¥) be a “noise function”
which gives random values coming from an arbitrary distribution. Then additive noise can be

described by Equation 2.1.

g(X, y) = f (X, y) + n(X, y) (2.1)

f(x,y) — - (X, Y)
n(x,y)

Figure 2.2 shows the degradation of image by additive noise

Additive noise is independent of the pixel values in the original image. Typically, additive noise

n(xy) is symmetric about zero. This has the effect of not altering the average brightness of the
image, or large parts thereof. A good example of additive noise is the thermal noise within

photo-electronic sensors.

Here level of additive noise generally express by its variance. Given g(x,y) and some

knowledge about the additive noise term, the objective of restoration is to obtain an estimate
f(xy) of the original image; which to be as close as possible to the original input image and it

require more we know about n(xy) . In order to compare the performance with respect to

original input image, the signal to noise ratio is often used for the characterization of signal.

2

: o
SNRin dB=10log,, ——

2

On (2.2)

o . . .
Where ~f =variance in the signal



%n = variance in the noise

The mean square error (MSE) between the original image f (X, Y)and the processed image

f(x,y) is given by:

22 )= F(xYF

= 2= 2.3
M xN 23)

MSE[f (x, ), p(X, y)]

Where N,M = image dimensions

In practice, images easily get corrupted with noise, e.g. due to the circumstances of recording for
example digital image acquired with digital electronic camera corrupted due to dust on a lens,
electronic noise in the cameras and sensors etc., transmission (e.g. electromagnetic interaction,
transmission over channel etc.) for example video images transmitted via satellite are susceptible
to the electromagnetic interference. Also the digital image also easily corrupted during storage

on secondary memory, during copying and scanning etc.

The noise component may be considered random variables characterized by a probability density
function (PDF). The mean and variance are useful parameters to represent noise. Mean value M
gives the average brightness of the noise and square root of variance c gives the average peak-to-

peak gray level deviation of noise. 1 (mean) and o (variance) are given by:-

Im:

u= Y kp, (2.4)

5

T
o

Im:

o'= Y [kp, (k) - p]° (2.5)

53

=
Il
o

Where P, (k) = frequency of occurrence of noise amplitude k

rmax = maximum gray level



Where k, ideally varies from — oo to o. Since pixel level are limited to range (0, N-1) the noise

amplitude level k also varies to range (0, N-1).
2.2.2 Multiplicative noise
A signal dependent form of noise, whose magnitude is related to the value of the original pixel is

know as Multiplicative noise, or speckle noise, and Equation 2.6 describes one simple form it

can take, but a more complex function of the original pixel value is also possible.
g(x,y) = F(x, y)+n(x, y) F(x,y) = £ (x, y)[L+n(x, y)] (2.6)

2.2.3 Impulsive noise

The PDF of impulsive noise is given by:

P, forz=a
p(k) =1 p, forz=b (2.7)
0 otherwise

Where pa, is the probability of salt is noise and Py is the probability of pepper noise
Impulse noise has the property of either leaving a pixel unmodified with probability 1-p or
replacing it altogether with probability p.

If b > a, gray level b will appear as a light dot in the image. While level a will appear like dark

dot. If either Pa or Py is zero, the impulse noise is called unipolar. If neither probability is zero,
especially if a and b are approximate equal, impulse noise will resemble salt and pepper granules
randomly distributed over the image. For this reason, bipolar noise is also called salt and pepper
noise. Other name of impulse noise is shot and spike noise. Noise impulse can be positive or

negative.

2.2.4 Gaussian noise



Gaussian noise models are used frequently in practice due its mathematical tractability in both

the spatial and frequency domains.
The PDF of a Gaussian random variable K is given by:

—(k—)?
1 —\kR=H)

P ) = o

e 2c2

(2.8)
Where k = represent gray value.

M = mean average value of k

2
O = standard deviation and its square O is called the variance of k

When k is described by above equation approximate 70% of its values will be in the range [u— O

], [u+9 )], and approximate 95% will be in the range [u—29 ), u+20)]
2.2.5 Uniform noise
The PDF of uniform noise with equal probability in the range from gmax t0 Qmin IS given by:-

1 If gmin Skggmax

pn (k) — gmax - gmin

0 otherwise
(2.9)
The mean and standard deviation can be computed as:
_ min T Jmex
2

2 _ (gmin B gmax )2
12

o

2.2.6 Rayleigh noise



The PDF of Rayleigh noise is given by:

i(k _ gmin ) e*(k*gmin)zlgmax for k > gmin

max

pk) =
0 fork (g, -

(2.10)
The mean and variance of this density are given by:

[ 79
lLl gmln 4

O_Z — gmax(4_lu)
4

Rayleigh density can be quite useful for approximation of skewed histograms.

2.2.7 Enlong (Gamma) noise

The PDF of England Noise is given by :

ng?lrr:ax X kgmax_l

© Y fork >0

p(k) =
0 fork <0

(2.11)

Where parameters are such that gmin > 0, gmax IS @ positive integer and mean and variance of this
density are given by :

P I
gmin

and

0_2 gmax




Although above equation is referred to as the gamma density. Strictly this is correct only when

the denomination is gamma function.

2.2.8 Exponential noise

The PDF of exponential noise is given by :

g, e°‘™m fork >0
p(k)=10 fork <0
(2.12)

The mean and variance of the Exponential noise function are :

1
H=——
gmin
and
.1
(o2 =g2 _

2.2.9 Periodic noise

Electrical or electromechanical interference during image acquisition in an image is known as

periodic noise. This type of noise can be reduced significantly via frequency domain filtering.
2.2.10 Quantization noise

Noise due to quantization of pixel values during the analog to digital conversion is known as
quantization noise. For example, consider an analog image with brightness values ranging from 0

to 10. If it is quantized to accuracy 0.1, the digitized image will have 101 distinct grey levels. A

given intensity could have originally been anywhere in the range +0-05. Quantization noise is

this uncertainty in the true value of intensity.



Chapter 3

Impulse Noise Removal Using Fuzzy Logics

3.1 Introduction

The focus of this work is on Impulse noise removal. Image filters exist in three domains: spatial,
frequency and fuzzy domain. This study deals with fuzzy filters which offer several advantages
over classical filters even as they preserve the image structure. Moreover, fuzzy filters are easy
to realize by means of simple fuzzy rules that characterize a particular noise. A brief review of
well known fuzzy filters is presented in the following paragraphs. In the field of image noise
reduction, several linear and nonlinear filtering methods have been proposed. Linear filters are
not able to effectively eliminate impulse noise as they have a tendency to blur the edges of an
image. On the other hand, nonlinear filters like median filters are better suited for dealing with
impulse noise. Several non-linear filters based on classical and fuzzy techniques have emerged in
the past few years. Recent progress in fuzzy logic allows different possibilities for developing

new image noise reduction methods. The fuzzy median filter is a modification to the classical



median filter. We have used fuzzy operator that attempts to cancel the noise while preserving the

image structure.

Noise reduction from images is an important step in many image-processing applications. In the
presence of noise, filtering of noisy pixel and its correction is an important pre- processing step if
they are to be followed by other tasks such as edge detection, feature extraction and object /
pattern recognition. The most effective approaches of noise reduction are non-linear and adaptive
in nature. The ability of the filter unwanted impulse noise and the random noise while preserving
edges and details of an image is a non trivial task. Various nonlinear filters based on classical
techniques and fuzzy techniques have emerged in the few years for this challenging task.

Since filtering a region might destroy an edge and sharpening edges might lead to unnecessary
noise. The type of algorithm to be used depends upon the objective to be achieved by the
filtering process as well as the particular application. The objective of this paper is development
of fuzzy filter, which is adaptive in nature and able to remove salt and pepper noise.

Most of the classical filters that remove noise simultaneously also blur the edges, but fuzzy
filters have the ability to combine preservation of image detail while filtering. Compared to other
non-linear techniques, fuzzy filter are able to represent knowledge in a comprehensible way.

The two step fuzzy filters have been shown to be faster and yet more effective than uniformly
applied methods. This nonlinear filtering technique contains two separated steps: an impulse
noise detection step and a reduction step that preserve edge sharpness. Based on the concept of
Laplacian operator method[6,7], impulse noise detected. The detected noise partially removed by
switching action[7] than further improvement can be achieved by application of fuzzy
membership function[6]. Experimental results show that the two step fuzzy filter provides a
significant improvement on other existing filters available in the literature. This filter is not only

very fast, but also very effective for reducing little as well as very high impulse noise.

3.1 Prosposed Fuzzy Two Step Filter

Images corrupted with impulse noise contain pixels affected by some probability. This implies
that some of the pixels may not have a trace of any noise at all. Moreover, a pixel can have either
all or one or two of its R,G,B components corrupted with impulse noise. Mathematical modeling

of impulse noise in color images is as follows



f(x,y,2z) asoriginal image where z = 1,2,3 .31

f(x,v,2) as noisy image where z = 1,2,3 ..3.2

where 1,2 & 3 represents red, green & blue components .

In the proposed method first impulse noise has been detected by the method based on the
following two assumptions: A noise-free image consists of locally smoothly varying areas
separated by edges and a noise pixel takes a gray value substantially larger or smaller than those

of its neighbors.

3.1.1 The two step fuzzy filters

The two step fuzzy filters have been shown to be faster and yet more effective than uniformly
applied methods. This nonlinear filtering technique contains two separated steps: an impulse
noise detection step and a reduction step that preserve edge sharpness. Based on the concept of
Laplacian operator method, impulse noise has been detected. The detected noise partially
removed by switching action than further improvement can be achieved by application of fuzzy
membership function. Experimental results show that the two step fuzzy filter provides a
significant improvement on other existing filters available in the literature. This filter is not only

very fast, but also very effective for reducing little as well as very high impulse noise.

First step: Impulse noise Detection

Let f(x,y) is the pixel value at center position (x,y) in the window of size 5 x 5.

The input image is first convolved with a set four one-dimensional Laplacian operators as shown

in fig.3.1 to detect the impulse noisy pixels




0 -1 0 0 0 0 0 -1 |0 0
-1 0 0 0 0 0 0 -1 |0 0
0 0 4 0 0
0 0 -1 |0 0
0 0 -1 |0 0
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0 0 4 0 0 -1 -1 |4 -1 |1
0 0 0 -1 0 0 0 0 0 0
0 0 0 0 -1 0 0 0 0 0

Fig..3.1 Four 5 x 5 convolutions Laplacian kernels

each of which is sensitive to edges in a different orientation. Then, the minimum absolute value

of these four convolutions (denoted as w(x,y)) is used for impulse detection, which can be
represented as:

w(x,y,) =min{{f(x,y) ®K]|:t=1to 4 ...(3.3)

Where K, is the pth kernel, and ® denotes a convolution operation.
The value of w(x,y) detects the impulse noise due to the following reasons:
(1) w(x,y)is large when the current pixel is an isolated impulse because the four

convolutions are large and almost the same.

(2)  w(x,y)is small when the current pixel is a noise-free, flat region pixel because the

four convolutions are close to zero.



(3)  w(x,y) is small also when the current pixel is an edge (including thin line) pixel

because one of the convolutions is very small (close to zero) along with the other three
might be large.

Median calculation

An algorithm to determine the median of noise-free pixels in the neighborhood of a pixel under
interest is now presented. The median of the noise free pixels is utilized to modify the pixel
corrupted with impulse noise. This median is computed separately for each color component in
the following steps:

Stepl: Take a window of size wxw centered on the pixel of interest in the corrupted image.
The window of 5X5 has been taken from the noisy image.

Ulx,y,1)=f(x+p,y+q) wherep=—-2to2&q=-2to?2 ..(3.4)

Step2: Arrange all the pixels of the window as a vector. Sort the vector in an increasing order
and compute the median of the sorted vector.
Step3: Calculate the difference between each window pixel and the median of the vector.

D(x,y,1) =f (x,y,1) — Med(x,y,1) .(3.5)

Step4: Arrange all the window pixels having the differences less than or equal to a parameter
T in a vector.

if D(x,y,1) > T then the pixel is noisy and if D(x,y,1) <T then the pixel is noise free, the
threshold value has been calculated after simulation[1].

Step5: Sort the new vector and obtain the median med of the sorted vector then this median
value have been used to get improved image, the equation (3.7).

The improvement of the current pixel without fuzzy logic

From the above analysis w(x,y) is large when f(x,y) is corrupted by noise, and w(x,Yy) is
small when f (X, y) is noise-free whether or not it is a flat-region, edge, or thin-line pixel. So, we

can compare w(X, y) with a threshold, T, to determine whether a pixel is corrupted[1], i.e.

1 w(x,y) > T

o(x,y)= {o, wicy) < T (3.6)



Obviously, the threshold T affects the performance of impulse detection. It is not easy to derive
an optimal threshold through analytical formulation. But we can determine a reasonable
threshold using computer simulations.

If 5(x,y) =1, then the current pixel is noisy pixel otherwise its noise free
Then impulse pixel has been isolated to get the noisy pixel and the determined value of 5(x,y)

has been use in the improved current pixel equation given below.
E(x,y) = 8(x,y) * Med(x,y) + [1 = 8(x, )] * f(x,y) . 3.7)

Second Step: Impulse Noise removing through Fuzzy Logic
The impulse noise is reduced through Fuzzy logic. The membership function has been defined

uCx,y,1) € (1,0)
is the membership function of w(x,y) that indicates how much a pixel corrupted with an

impulse noise, we can give the following fuzzy rules.

Fuzzyfication:

The membership function introduced

0 ifwx,y,1)<a

Hiwey, D = (FE225) i Wy, D > &Y, D<E) (38

1 if wix,y,1) >

The following values have been taken according to the simulation result a=30/255 & B= 60/255 .
The improved pixels are selected one by one and making the complete image with the noise free
pixels. If the membership function is 0, it means that the current pixel is a noise-free pixel and
hence it is no need to filter. The filter will output the original pixel and preserve the image
information. If the membership function is 1, it describe that the current pixel has been corrupted
by impulse noise and it needs to filter. Here used in the filter output is the improvement of
current pixel. If the membership function is in between 0 and 1, it means that the current pixel

has been corrupted somewhat by impulse noise and will select the function



(%) . After the selection through fuzzy logic the pixels have been implemented into the

equation
I(x,y,1) = f(x,y, 1) + u(x,y, D) * (E(x,y, 1) = f(x,,1)) .(3.9)

for the red image. Similarly the impulse noise has been removed for the green and blue images.

Then all results of R,G,B images have been combined to get the colored improved image.

3.1.2 . Simulation of Results
Computer simulations are carried out to assess the performance of the proposed method Lena

image. The proposed method was tested

Chapter 4
RESULTS
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fig. (1) Original image
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fig. (1.a) With 5% Impulse noise
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fig. (1.c) Fuzzy filtered Image
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fig. (2.a) With 5% Impulse noise
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fig. (2.c) Fuzzy filtered Image
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fig. (3) Original image
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fig. (3.a) With 5% Impulse noise
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fig. (2.b) Improved filtered Image
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fig. (2.c) Fuzzy filtered Image
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fig. (3.a) With 10% Impulse noise
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fig. (2.c) Fuzzy filtered Image
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fig. (3) Original image
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fig. (3.a) With 5% Impulse noise
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fig. (2.b) Improved filtered Image

filtered fuzzy image

fig. (2.c) Fuzzy filtered Image



noisy colrd image

fig. (3.a) With 10% Impulse noise

filtered image

fig. (2.b) Improved filtered Image



filtered fuzzy image

fig. (2.c) Fuzzy filtered Image

MSE Results with 5% & 10 % of Impulse noise

S.N. Noise 5% 10 %
m R G B R G B
1 Noisy image | 0.0160 | 0.0149 | 0.0134 | 0.0328 | 0.0328 | 0.0272
2 Improved 0.0096 | 0.0037 | 0.0035 | 0.0098 | 0.0098 | 0.0036
pixel image
3 Proposed 0.0090 | 0.0030 | 0.0028 | 0.0091 | 0.0091 | 0.0029




filter

Conclusion

In this thesis we have introduced the two step fuzzy filter that can remove impulse noise
effectively while preserving details of the image. As shown by illustrative examples both
numerical and visual the performance, the proposed filter is better than many of the existing
filters such as the median filter and its variant and other fuzzy filters such as Gaussian fuzzy
filter with median center (GMED),the symmetrical triangular fuzzy filter with median center
(TMED), the asymmetrical triangular fuzzy filter with median center (ATMED), the Gaussian
fuzzy filter with moving average center (GMAYV), the symmetrical triangular fuzzy filter with
moving average center (TMAV), the asymmetrical triangular fuzzy filter with moving average

center (ATMAYV), and the moving average center filter (MAV) .

The advantages of the proposed method are:-
1) It reduces Impulse noise in a colored image (low level impulse noise).

2) It preserves edge sharpness



3) It does not introduce blurring artifacts or new colors artifacts in comparison to other state

of the art metods.

Chapter 6
Codes

close all;clear all; clc;
Y=imread('c:\lena.jpg’);
figure;imshow(Y);title(‘original image’);
y=imnoise(Y,'salt & pepper',0.1);
figure;imshow(y);title('noisy colrd image");
r=y(::1);

I=y(:,:.2);

b=y(:,:,3);

r=im2double(r);

I=im2double(l);

b=im2double(b);



%figure;imshow(r);title('red image");
%figure;imshow(l);title('green image");
%figure;imshow(b);title('blue image");
alpha=30/255;

beta=60/255;

%FOR RED IMAGE---------

R=imnoise(r,'salt & pepper',0.1); %insert imge noise
%R=im2double(R);
%figure;imshow(R);title('noisy red image’);
wl=[0 0 0 O O;

0 0O0O0O;

-1-1
00
00

w2=[ 0
00
00
00
00

w3=[ 0
00
00
0-1

-1 0

wé=[-1
0-1
00

4 -1
00
00
0-1
-1 0
4 0
-10
-1 0

_1’
0;

0 0 0-1;

0-1
4 0
00
00
00
00
4 0

0 0O0-10;
0 00 0-1];
crl=abs(conv2(R,wl,'same");

cr2=abs(conv2(R,w2,'same"));



cr3=abs(conv2(R,w3,'same"));
cr4=abs(conv2(R,w4,'same"));
[c d]=size(a);
for i=3:c-2
for j=3:d-2
k=1;
for p=-2:2
for q=-2:2
U(k)=a(i+p,j+q)
k=k+1;
end
end
s=sort(U,'ascend’)
M=median(s)
0=1;
for p=-2:2
for q=-2:2

D(p+3,q+3)=abs(a(i+p,j+q)-M)

if D(p+3,9+3)<3
Di(g)=D(p+3,q+3)
9=9+1;

end
end
end
Ds=sort(Di,'ascend’)
Med(i,j)=median(Di)

end



end

[c d]=size(R);

for i=3:c-2
for j=3:d-2
k=1;
for p=-2:2
for g=-2:2
UR(K)=R(i+p,j+q);
k=k+1;
end
end
S=sort(UR,'ascend);
M=median(S);
9=1;
for p=-2:2
for g=-2:2
DR(p+3,g+3)=abs(R(i+p,j+q)-M);
if DR(p+3,q+3)<=0.3
RR(9)=R(i+p,j+q);
9=g+1;
end
end

end

Cr(i,j)=min(min(crd(i,j),cr2(i,j)),min(cr3(i,j),cra(ij)));

%without fuzzy------------------- }



if(Cr(i,j)<0.3)
delta(i,j)=0;

else
delta(i,j)=1;

end
difR=sort(RR,'ascend");
medR(i,j)=median(difR);

ER(i.j)=delta(i,j)*medR(i,j)+(1-delta(i.,j))*R(i.j);

%with fuzzy------------------------m-----
if Cr(i,j)<=alpha
mr(i,j)=0;
elseif (Cr(i,j)>alpha) &&(Cr(i,})<=Dbeta)
mr(i,j)=((Cr(i,j)-alpha)/(beta-alpha));
elseif (Cr(i,j)>beta)
mr(i,j)=1;
end
IR(i.j)=R(.,j)+mr(i.j)*(ER(i.j)-R(i.)));

end

end

%figure;imshow(ER);title('noise free red image ');

%figure;imshow(IR);title('noise free red image ER fuzzy ');

gl=imfilter(g,wl,'conv');
g2=imfilter(g,w2,'conv’);

g3=imfilter(g,w3,'conv’);



g4=imfilter(g,w4,'conv’);
cl=min(gl,92);
c2=min(g3,94);
c4=min(cl,c2);
c3=abs(c4);%implse noise detection
k_size=3;
d=medfilt2(g,[k_size,k_size]);
figure;imshow(d);title('median image’);
c5=im2uint8(c3);
alpha=c5>40;
rowl=size(g,1);
coll=size(g,2);
for i=1:rowl
for j=1:coll
y2(i.j)=alpha(i,j)*d(i,j)+(1-alpha(i,j))*g(i.j);
end
end
figure;imshow(y2);title('improvement in current pixel’);
y3=im2uint8(y2);
k=im2uint8(g);
c=im2uint8(c4);
d=im2uint8(d);
y3=double(y3);
I=double(k);
c=double(c);
d=double(d);
%application of median rule
rowl=size(g,1);
coll=size(g,2);
for m=2:250
for n=2:250



%u=g(m-1:m+1,n-1:n+1);

%ul=reshape(u,9,1);

u=[g(m,n-1); g(m,n+1) ;g(m-1,n); g(m+1,n); g(m+1,n+1); g(m+1,n-1); g(m-1,n+1); g(m-
1,n-1); 9(m,n)J;

u2=sort(u,'ascend’);

mm= median(u2);

end
end
%application of fuzzy rule
pl=u(4)
p2=u(5)
p3=mm
rowl=size(g,1);
coll=size(g,2);
for i=1:rowl
for j=1:coll
if c(i,j)<=pl
s(i,j)=0;
elseif (c(i,j)>p1)& (c(i,j)<p3)
s(i,))=2*((c(i,j)-p1)/(p2-p1))"2;
elseif (c(i,j)>p3)& (c(i,j)<p2)
s(i.J)=1-(2*((c(i.)-p2)/(p2-p1))"2);
else (c(i,j)>=p2)
s(i.j)=1;
end
yA(1,))=s(1.1)*y3(1,j)+(1-s(i.1))*k(i.));
end



end
d=uint8(d);
y5=uint8(y4);
%error detection with median filter
rowl=size(y,1);
coll=size(y,2);
for i=1:rowl
for j=1:coll
r1(i,j)=((y(i.j)-d(i.1))"2);
end

end

k1=sum(sum(rl));
msel=k1/(size(y,1)*size(y,2))
%error detection with switching median filter
y2=im2uint8(y2);
rowl=size(y,1);
coll=size(y,2);
for i=1:rowl

for j=1:coll

r2(1.1)=((y(i.)-y2(i,j))-"2);
end

end

k2=sum(sum(r2));
mse2=k2/(size(y,1)*size(y,2))
%error detection with fuzzy filter
rowl=size(y,1);

coll=size(y,2);

for i=1:rowl

for j=1:coll



r3(i.J)=((y(i.))-y5(i.j))-"2);
end

end

k3=sum(sum(r3));
mse3=k3/(size(y,1)*size(y,2))
%error detection with noisy image
for i=1:rowl

for j=1:coll

ra(i.j)=((y(.)-k(i.))."2);

end
end
k4=sum(sum(r4));
msed=k4/(size(y,1)*size(y,2))
display(pl)
display(p2)
display(u2)
display(mm)
figure;imshow(h);title('noisy image with 5% noise");
figure;imshow(y5);title(‘filtered image");

%FOR GREEN IMAGE------xnmmrrnmmmemme -

G=imnoise(l,'salt & pepper',0.1); %insert imge noise
%G=im2double(G);

%figure;imshow(G);title('noisy green image’);
cgl=abs(conv2(G,wl,'same"));
cg2=abs(conv2(G,w2,'same’));
cg3=abs(conv2(G,w3,'same’));

cg4=abs(conv2(G,w4,'same"));



[c d]=size(G);

for i=3:c-2
for j=3:d-2
k=1;
for p=-2:2
for q=-2:2
UG(K)=G(i+p,j+a);
k=k+1;
end
end
S=sort(UG,"ascend");
M=median(S);
9=1;
for p=-2:2
for q=-2:2
DG(p+3,g+3)=abs(G(i+p,j+q)-M);
if DG(p+3,9+3)<=0.3
GG(9)=G(i+p.j+a);
g=g+1;
end
end
end

Cg(i.j)=min(min(cg1(i.j),cg2(i.j)).min(cg3(i.j),cg4(i.j)));

%without fuzzy-------------------------
if(Cg(i,j)<0.3)
delta(i,j)=0;

else



delta(i,j)=1;

end
difG=sort(GG,'ascend’);
medG(i,j)=median(difG);

EG(i,j)=delta(i,j)*medG(i,j)+(1-delta(i j))*G(i,j);

%with fuzzy---------------=-=-=-m-mmoo--
if Cg(i,j)<=alpha
mg(i.j)=0;
elseif (Cg(i,j)>alpha)&&(Cqg(i,j)<=beta)
mg(i,j)=((Cg(i,j)-alpha)/(beta-alpha));
elseif (Cg(i,j)>beta)
mg(i.j)=1;
end
1G(i,j)=G(i,j)+mg(i.))*(EG(i.j)-G(i.)));

end

end

%figure;imshow(EG);title('noise free green image ");
%figure;imshow(IG);title('noise free green image EG fuzzy ");

%FOR BLUE IMAGE-----=m oo
B=imnoise(b,'salt & pepper',0.1); %insert imge noise
%B=im2double(B);

% figure;imshow(B);title('noisy blue image');
cbl=abs(conv2(B,wl,'same));

ch2=abs(conv2(B,w2,'same"));



ch3=abs(conv2(B,w3,'same"));

cb4=abs(conv2(B,w4,'same"));

[c d]=size(B);

for i=3:c-2
for j=3:d-2
k=1,
for p=-2:2
for q=-2:2
UB(K)=B(i+p,j+0);
k=k+1;
end
end
S=sort(UB,'ascend);
M=median(S);
g=1;
for p=-2:2
for g=-2:2
DB(p+3,g+3)=abs(B(i+p,j+q)-M);
if DB(p+3,0+3)<=0.3
BB(9)=B(i+p,j+q);
9=9+1;
end
end

end

Cb(i,j)=min(min(cb(i,j),cb2(i,j)),min(ch3(i.j),ch4(i.j))):;

%without fuzzy-------------------------
if(Chb(i,j)<0.3)



delta(i,j)=0;
else
delta(i,j)=1;

end
difB=sort(BB,'ascend’);
medB(i,j)=median(difB);

EB(i,j)=delta(i,j)*medB(i,j)+(1-delta(i,j)) *B(i.j);

%with fuzzy---------------=-=-=---m-m-m--

if Cb(i,j)<=alpha
mb(i,j)=0;

elseif (Cb(i,j)>alpha)&&(Cb(i,j)<=beta)
mb(i,j)=((Cb(i,j)-alpha)/(beta-alpha));

elseif (Cb(i,j)>beta)

mb(i.j)=1;
end
IB(i,j)=B(i,j)+mb(i.j)*(EB(i.j)-B(i.));

end

end

%figure;imshow(EB);title('noise free BLUE image ");
%figure;imshow(1B);title('noise free BLUE image EB fuzzy );

fil(:,:,1)=ER;
fil(:,:,2)=EG,;
fil(:,:,3)=EB,;
figure;imshow(fil);title(’ filtered image’);



fil(;,;,1)=IR;
fil(:,:,2)=IG;
fil(:,:,3)=IB;

figure;imshow(fil);title(’ filtered fuzzy image’);

%error detection with noisy RED image
fori=1:c-2

for j=1:d-2

red(i,j)=((r(i.j)-R(i.)))."2);

end
end
redS=sum(sum(red));
mseR=redS/(c*d)

%error detection with noisefree RED image
fori=1:c-2
for j=1:d-2
redE(i,j)=((r(i.))-ER(i.j))."2);
end
end
redSE=sum(sum(redE));
mseER=redSE/(c*d)
%error detection with fuzzy noisefree RED image
fori=1:c-2
for j=1:d-2
red!(i,j)=((r(i.j)-IR(i.j))."2);
end
end

redSl=sum(sum(redl));



mselR=redSI/(c*d)

%error detection with noisy GREEN image
fori=1:c-2

for j=1:d-2

gren(i,j)=((1(1.j)-G(i.j))."2);

end
end
grenS=sum(sum(gren));
mseG=grenS/(c*d)

%error detection with noisefree GREEN image
fori=1:c-2
for j=1:d-2
grenkE(i,j)=((1(.))-EG(i,)))."2);
end
end
grenSE=sum(sum(grenE));
mseEG=grenSE/(c*d)
%error detection with fuzzy noisefree GREEN image
fori=1:c-2
for j=1:d-2
grenl(i,j)=((1(1.j)-1G(i.j))."2);
end
end
grenSl=sum(sum(grenl));
mselG=grenSI/(c*d)
%error detection with noisy BLUE image
fori=1:c-2
for j=1.d-2
blue(i,j)=((b(i.j))-B(i.)))."2);



end
end
blueS=sum(sum(blue));
mseB=DblueS/(c*d)

%error detection with noisefree BLUE image
fori=1:c-2
for j=1:d-2
bluek(i,j)=((b(i.j)-EB(i,j))."2);
end
end
blueSE=sum(sum(blueE));
mseEB=blueSE/(c*d)
%error detection with fuzzy noisefree BLUE image
fori=1:c-2
for j=1:d-2
bluel(i,j)=((b(i.)-1B(i.j))."2);
end
end
blueSI=sum(sum(bluel));
bluelR=blueSI/(c*d)

Chapter 7
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