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Abstract

Most of the image processing techniques do not perform well when images are corrupted
with noise. Therefore restoring damaged images is considered as preprocessing step in most
imaging applications. Detection and removal of impulse noise is an active area of research and
we are proposing a novel technique which removes Random value impulse noise (RVIN) from
digital gray scale images. The proposed method consists of two main modules. First module uses
directional based statistics to detect noisy pixels from RVIN corrupted images. It calculates first
and then second order difference in four main directions of 5x5 window. Second order difference
is then used to produce a noise map based on a threshold. Detected noisy pixels are passed to the
filtering scheme for estimation of their noise free values. Filtering scheme uses the edge statistics
along the four main directions as well as background information to compute edge biased median
for estimation of the non-noisy value of the pixel under consideration. Proposed technique has
been compared using well known performance measure peak-signal-to-noise ratio. Simulations

show that the proposed filter can provide excellent performance of suppressing impulse noise in

all situations.
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Chapter 1

Introduction

We can define an image as a two dimensional function f{x, y,,) the spatial coordinates are
defined as x and y and they have amplitude f at coordinates (x, y) which is known to be intensity
of the points or we can say it is the gray level at those particular points. When these coordinates
x, y and there amplitude fhave finite value or discrete quantities than an image is known to be a
digital image. Each digital image has a finite number of elements, having particular location.
These elements are known an image elements, picture elements or pixels [1]. We can also say
that an image is a two dimensional array, which can be manipulated through several techniques,
like, mathematics, trend removal, convolution edge detection, filters, and image analysis. An

image can be processed optically or digitally with a computer.
The entire image processing process is divided into three main stages as mention below:

1. Discretization: Visual information is converted into a discrete form, which can be used

for further processing by computers.

2. Processing: Varying techniques are adopted to improve the quality of image know as

filtering.

3. Analysis: Image features present in the image are extracted, like segmentation,

recognition etc.

In the first stage, the input is an image taken by camera and the output will be a digital image. In
the second stage, both the input and the output will be an image and the output will be an

improved form of input image. A schematics diagram of different stages is shown in Figure 1.1.

The figure is taken from the book specified in [2].

Impulse noise detection and removal using second order differential and similar nearest neighkbors 1



Chapter |

Introduction l MSECS) Thesis

Transmission Mass
storage
Scene i
Compression
Digital
Image \
Image Sensing » Digitization
improved
Image
g Enhancement
Segmentation [« y
Restoration
Feature
Extraction
y Statistical / Structure
analysis
L———» Primitive and Description and

Relation Extraction

interpretation l

Figure 1.1 Image processing stages
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1.1 Motivation

From the literature review and as it is mention in problem statement detecting and
removing of Salt-n-pepper noise is easier as compared to Random value impulse noise. Most of
the filters perform well when Salt-n-pepper is added to an image but when it comes to Random
value impulse noise their performance decrease, both in detection as well as in removing the
noise. The performance of any filter depends on the detection module, better the noise is detected
more easily it is removed. The back bone behind detecting the noise in an image is threshold
value used. The value of each pixel is compared with the threshold used and if any pixel value
exceeds the threshold it will be considered as noisy pixel. The threshold value used in detection
module is a constant value or it can be a set having four to five values in it. These threshold
values are considered after conducting many experiments because these threshold value(s) can be
optimal in one condition or environment or may not be able to perform well in different
environment. Here by environment or condition means type of image, its characteristics and the

ratio of noise added to it.

To boost the performance of detector module, a set of threshold is considered after

conducting many experiments.

The facts which motivated us

e Work to improve the detection efficiency and to identify contaminated pixels.
e To devise a filter which identify sharp edges and preserve them.

e To decrease the computational complexity and to increase the computational efficiency
of the filter.

1.2 Noise Models

Removing noise from digital images is very essential area for research. It is
considered to be backbone process in image segmentation, analyses, pattern recognition etc. In
digital images noise can be added during image acquisition (digitization) or it can be added
during its transmission. Imaging sensors can be affected by ambient conditions, interference can

be added to an image during transmission.

Impulse noise detection and removal using second order differential and similar nearest neighkors 13
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Figure 1.2: Image transmission from satellite

For example when an image is taken by a digital camera temperature and level of light are main
factors which can produce noise in a digital image. Noise can also be added to a digital image
during its transmission. May be damaged, for example, an image transmitted using a wireless

network as a result of lightning or other disturbances in the atmosphere [1].

1.3 Image degradation model

The degradation process modeled is shown in the figure (1.3) below. It takes an input
image f{,y) and yields a degraded image known to be as g(x,y). Now noise known to be n(x,y) is
added along with g(x,y). After adding noise it is passed to a restoration filter, the main objective
of restoration filter is to remove the noise by estimating values for noisy pixels. These

estimations are to be close as possible to the input image. The more we know about A and n, the

closer f (xy) to fix,y).

The whole process is shown in equation (1.1)

gty) = hixy) X fxy) + n(xy) (L.D)

Where h(x,y) is the spatial representation of the degradation function and “y* is the convolution

which is spatial domain in analogous to multiplication in the frequency domain[1].

Impulse noise detection and removal using second order differential and similar nearest neighbors 14
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fxy)

n{xy)
Degradation Restoratio

Figure 1.3: Image degradation model

1.4 Impulse Noise

In general terms impulse noise (IN) can be defined as intensity value of a single pixel,
corrupted by any means and value of signal pixel can be dark or bright spots that are not
authentic imagery. Impulse noise can be classified into two main categories namely as.

1. Salt and pepper noise (SPN).

2. Random value impulse noise (RVIN).

1.4.1 Salt & Pepper (SNP)

Salt & pepper noise is the form of noise in which image pixels are corrupted by black and
white spots. These spots randomly appear in the image. If the image pixel is affected by salt
noise, it will have 255 values which appear to be white and if the image pixel is corrupted by
pepper noise it will have 0 values which appear to be black. Salt and pepper noise is shown in the

equation below in equation 1.1.

Oor255 with probability p
%™ (1.1)
Vij with probability 1- p

Where p represents total noise density in a single digital image. So the total distribution of salt

& pepper noise in an image will be p /2. This means that the image will have 50% of salt noise

Impulse noise detection and removal using second order differential and similar nearest neighbors 15
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which appears to be whit spots in the image and 50% pepper noise which appears to be black

spots in an image. X, ; represents the noisy pixel and y, , represents noise free pixel.

Salt & pepper noise can also have different noise densities pl and p2 respectively than

the equation will be something like this.

Oor255 with probability p=(pl + p2)
X~ (1.2)
Yi; with probability 1- (pl + p2)

Salt & Pepper noise in digital images can be seen as black and white spots as shown in figure
1.4. Original image is shown in figure 1.4 (a) and 20% of salt and pepper noise is added into the
image and shown in figurel.4(b). Whereas figure 1.4(c) show a 3 x 3 window of a digital image
which show the value of nine pixels. Four out of nine pixels are corrupted with salt & pepper
noise having o or 255 value. The corrupted pixels are circled. Two of the pixels are affected by
Salt noise having 255 values and two of the pixels are corrupted by pepper noise having 0 values.
The distribution of salt & pepper noise is shown in figure 1.4(d), which show the crisp

discussion, either white or either black.

(a) Original Image (b) 20% SNP included

Impulse noise detection and removal using second order differential and similar nearest neighbors 16
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110 112 110

O | w

(©) | 108 @ [0.255] 255
(©) 3x3 win (d) SNP Color distribution

Figure 1.4: Example of Salt & pepper (SNP)

Salt & pepper noise is easier to detect because of its crisp values. It will either be 0 or it will be

255, where x, ;= S, or S, -

1.4.2 Random valued impulse noise (RVIN)

Random value impulse noise (RVIN) also known as uniform noise is a type of noise in
which pixel value can be closer to the neighboring pixel value. RVIN is harder to detect and

remove due to its characteristics.

n, . with probability p

hJ
Xij = (1.3)
¥,;, with probability 1-p

Where 7, , is the gray level of noisy pixel. In SPN the pixel value can be 0 or 255 [S,;, or S, ]
value which is easily to traceable. Where as in case of RVIN the pixels gets random values from
0 to 255, [ S, > S, ] Which gets hard to identify, is it an original pixel or is it a noise in the
image as shown in figure 1.5(c). In SPN the noisy pixel gets completely different values as
compared to its neighboring pixels. Either it gets a large value ‘255’ [ S, ] as compared to its
neighboring pixel or it gets very small values ‘0’ [ S, ] as compared to its neighboring pixel but
in case of RVIN the noisy pixel can have minimum ‘0’ [ S, ] or maximum ‘255’ [ S, ] value or

it can have same or closer value as compared to its neighboring pixels as shown in figure 1.5(c).
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RVIN will have any value range from 0 to 255. It will have black and white spots along with
gray spots in an image. Gray spots distribution will be different, it will be dark gray, medium
gray, light gray, etc. Figure 1.5(a) shows the original image, in figure 1.5(b) 30% RVIN is added,
figure 1.5(c) show a matrix of 3 x 3 win which has RVIN identified in circles and figure 1.5(d)
shows the distribution of RVIN[2].

(a) Original Image (b) 30 % RVIN included

118 116 115

250 111

119 122 255 0 [0,25] 255

(c) 3x3 win (d) RVIN Color distribution
Figure 1.5: Example of Random value impluse noise (RVIN)

1.5 Similar Nearest Neighbor (SNN)

Similar nearest neighbor (SNN) pixels form different sizes of clusters of a digital image.
For example cluster of 3 x 3 win, cluster of 5 x 5 win, cluster of 7 x 7 win and so on. In these
cluster some pixels have same values and some have different values. Based on these values,
image is considered as noisy image or noise free image. Normally in each cluster some pixels
have same values and is considered as noisy free cluster as shown in figure 1.6(a). The reason is
that any object in the image will have two or more pixels having same value. If in any cluster the
values of pixels are not same than this cluster will be considered as noisy cluster as shown in
figure 1.6(b). Another scenario is that in a cluster some pixel values will be very large or small

from the rest of the pixels, this cluster will also be considered as noisy cluster but not all of the
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time but most of the time as shown in figure 1.6 (c). Sometimes an edge lies in a cluster and the
values of this edge pixel will be quite different from the other pixels[3]. All of the three scenarios

are shown in the figure 1.6.

120 | 115 | 115 120 | 116 | 115 118 | 116 | 115
121 | 117 | 117 121 | 110 | 111 5 250 | 115
119 | 116 | 115 119 | 122 | 114 118 | 122 | 255
(a) Noise free cluster (b) Noisy cluster with all (¢) Noisy cluster with very
different values large or small values

Figure 1.6: Similar Nearest Neighbor 3 x 3 windows

1.6 Problem domain

In this thesis Random value impulse noise (RVIN) is handled. As we have learned earlier
that it is very hard to remove random value impulse noise because of its random values of pixels
as compared to salt-and-pepper. In previous filters which are considered as state of art filters
perform very well on salt-n-pepper but when comes to random value impulse noise there
performance decreases. Especially when images have fine details, like boundaries and sharp
edges. Median filter is considered as sate of art filter which provides ,mean value of a block to
the noisy pixel. This strategy works very good when the image has smooth regions but when
there are objects in an image it fail to estimate a good reasonable value for the noisy pixel, which
result in image blur. There are many filters which detect boundaries and preserve them but again
they perform well in salt-n-pepper noise. So we are proposing a novel method which will remove

random value impulse noise and at the same time it will preserve the boundaries of an object

present in an image.

1.7 Contribution

The novel method consists of two main modules. One is the detection of noise in the
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image and second part will remove the noise. The detection of noise plays an important part in
removing the noise. It can’t be wrong if we say that removal of noise depends on detection of
noise. The better the noise pixels are detected the better they are filtered. This proposed
directional based similar nearest neighbour filter (DBSNNF) detect the noise using first order
derivative and second order derivative. The noisy image is sent to calculate first order derivative
which keeps good track of thick edges in an image and then the output image is sent to calculate
second order derivative which keeps good track of thin edges. After calculation of first order and
second order a noise map is constructed showing which pixels is noisy and which one is noise
free.

Now by considering the noise map the pixels having noise is evaluated a new value by
passing it to the directional based similar nearest neighbour filter, The filter works in four
directions and it also considered the background pixels, which can be helpful to identify the thick
and thin edges and estimating a reasonable value. The decision made to consider which direction
is based on standard deviation value of that direction. The direction having smaller standard
deviation in a 5 x 5§ window is considered to estimate a new value for the noisy pixel. In this way

the whole image is divided into 5 x 5 block and each pixel is evaluated iteratively.

1.8 Thesis Layout

The layout of thesis is as chapter 2 consist of literature review, chapter 3 has problem
statement, chapter 4 proposed technique to detection and removal of random value impulse

noise, chapter 5 has simulation results, chapter 6 has conclusion and future works and in the last

we have references.
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Chapter 2

Literature
review

Literature review
Spatial filtering
Order-Statistics filters
Adaptive filters
Median filters
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Chapter 2

Literature Review

In digital images noise can be added during image acquisition (digitization)or it can be added
during its transmission. Imaging sensors can be affected by ambient conditions, interference can
be added to an image during transmission. So removing the noise from digital images is an
emerging field in research. Much research has been done and many algorithms have been
proposed to enhance the image details. Some of the algorithms detects the noise and produces a
noise map and then repair the effected pixel and keeping other intact. Whereas some of the
algorithms filters all the pixels irrespective of corruption.

There are many state of art filters that detect and remove Random value impulse noise

(RVIN) from digital images. As discussed earlier RVIN is hard to detect and remove. Those
algorithms which filters without detecting noise, use a window mask of size (2N +1)2 where

N > 0. In window mask the centre pixel is of interest as shown in figure (2.1) the centred pixel is

circled.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r— NN PEEEE NENER YR
1 }\bgwj 1 1 1 (0) 1 1 1 1 1 1 1 1 1
TR OERBERER
1 1 1 il e R P 1|1 fri1faf1]1
1j1f{1]1]1 TR EREEE R
1 1 1 1 1 1 1

3 x 3 window mask 5 x 5 window mask 7 x 7 window mask

Figure 2.1.Different window mask which run on image

The window mask will be moved from left top comer of a digital image. They work as

overlapping mask. Disadvantage of this overlapping mask is that every pixel is treated
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irrespective to corruption.
Those algorithms in which detection is followed by filtering, firstly they notify noisy pixels and
make a noise map and then only these affected pixels goes for filtering keeping other intact. In
these algorithms filtering depends on detection of noisy pixels. Poor detection of noisy pixels
results in poor filtering and vice versa.

The most well-known filters among all is median [4-5] filter. Median filter is considered
to be the backbone filter in image enhancement, which perform excellent in smooth regions but it

has poor performance when there is more detail in image like edges or boundaries.

2.1 Order-Statistics Filters

Order-statistics filters are well known non-linear spatial filter. These filter are based on
ordering (ranking) of gray levels in the neighborhood which is defined by filter mask. The best
known filter of this type is median filter.

2.1.1 Median Filter [4-5]

Median Filter is a state of art filter in the category of order-statistics filter. It has
excellent noise reduction capabilities specially in uni-polar and bi-polar impulse noise. It

replaces the corrupted value of a pixel by taking the median of the neighboring pixels and can be

represented as
f(xy) = Median).s, {9(s, 1)) 2.1

Where f(x,¥) and g(s,¢) are restored and noisy images respectively and S;, represent the set of

coordinates in a window of size mx n.

2.1.2 Weighted median filter [6]

This filter allows you to filter the corrupted image by the weighted non-linear method
known to be median filter. This filter works for monochrome, 8-bit pixel and 24 bits per pixel
images. Weighted median filter is different from the median filter that specified pixels in a local
neighborhood is given more weight and is repeated a given number of times for calculation of a

median value. It is defined as

Impulse noise detection and removal using second order differential and similar nearest neighbors 23



Chapter 2 Literature Review l MSCS) Thesis

Weighted Median (A) = Median [Repeat StrMask (i,j) times {A (x +i,y +j)}]

Where (x, y) coordinate of image A and the coordinate (i, j) is defined over the structuring mask

of StrFunc structuring function.

2.1.3 Center Weighted Median Filter [7]

This filter gives more weight to a central value or pixel of each window. The Image
details are preserved while suppressing impulsive type noise or additive noise.

2.1.4 Max and Min filter [8]

Max filter is very useful in finding the brightest points and remove pepper noise while the
Min-filter helps you find the darkest points and removing salt noise in an image. This filter
works very good in salt-and-pepper noise.

2.1.5 Adaptive Median Filter [9]

This filter can handle impulse noise with larger probabilities and preserves the details

while smoothing non-impulse noise. It has three main purposes:

l. Removes salt and pepper noise
2. Smoothing for non-impulse noise
3. Reduce distortion (Thing or thickening of object boundaries)

Many state of art filter are proposed to remove random-valued impulse noise' from digital

images. Some of them well know filters are discussed below.

2.2 Tri-State Median Filter [10]

Tri state filter was proposed to preserve image details. It is based on two states of art
filter known as standard median filter (SMF) and the Center weighted median filter (CWMF).
Firstly noise detection is incorporated by an impulse detector. The filter first detects the noisy
pixels in the image and then sends to filter those pixels to Tri state filter keeping other intact.
Impulse detector is used to realized noise in an image, which takes the outputs from the CWM
and SM filters, after that it compares them with the center pixel value to make a tri-state
decision. Switching logic depends on threshold values. The output of the Tri-state filter is

obtained by the equation 2.2 shown below.
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X, T>d,
Y™ =]y, ™ d,<T<d, (2.2)
Y, jSM T<d,

Where y, " and y, ;™ are the outputs that are received from CWM and SM filters.

2.3 Signal-Dependent Rank Order Mean Filter (SDROM) [11]

This filter is a non-linear algorithm used for the detection of impulse noise and used to
preserve image details. The method is applicable to all impulse noise models, such as salt-and-
pepper noise know to be fixed value and random value impulse noise know to be having
dynamic range. The algorithm is based on a screening assessment strategy. If a pixel is detected
to have a noise, a fair value based on neighborhood information is replaced, otherwise the pixel
remain unchanged. This filter achieves excellent technical exchanges between suppression noise
and preserving details and edges without unnecessary increase in computational complexity. SD-
ROM filter works in a 3 x 3 window. The noisy pixel is kept in the center and remaining eight
pixels known to be the neighboring pixels are used to estimate the value for the centered

corrupted pixel based on four sets of thresholds. 7;,7,,T;,T,. Where each threshold is less than

the other likely, 7, <T, <T, <T,. The estimated value for the corrupted pixel is based on the

estimation of true value, which depends on the neighboring pixels. The performance of SD-ROM

can be increased by adopting recursion.

2.4 Adaptive Impulse Detection Using Center Weighted Median Filter [12]

It invents new operator adjustment, which is based on estimation values between the
current output pixel and outputs the cog average filters with variable center weights. Employs
changing system based on detection mechanisms trigger. Using center-weighted median filter
uses the weight is changed to a more general operator, which filters out specific outputs and
anxiety Cwm differences between the current pixels using a defined pulse, creates. Median and

the final production of the current pixel are off.
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2.5 Advanced Impulse Detection Based on Pixel-Wise MAD (PWMAD) [13]

It is a powerful estimator of the variance, the (a\}cragc absolute deviation from mean)
MAD, modified and be used effectively to distinguish noise pixels from image data. The
algorithm is very different standards, requires no training or customization, and successfully
removes all types of impulse noise. Pixel-wise MAD concept is simple and low in complexity.
MAD mean absolute deviation of the image data is used to estimate the presence of the
separation of noisy pixels to detect. Median of the MAD (PWMAD) ensures reliable iterative

pixel-wise changes.

2.6 Directional Weighted Median Filter for RVIN [14]

Another method for removing impulse noise directional random Rated weighted average
filter (DWM) is. This filter uses a pulse detector, the current pixel and its neighbors based on the
difference between coalitions of the four directions. First, the idea of a 5 x 5 window. Horizontal,
vertical and two diagonals: Consider now the four directions. Each pixel is 5 units. In each
direction, and then calculates the weighted difference takes a minimum. Phase filtering,
calculates the standard deviation of the four directions. Description of the standard deviation
around the average value of how well the total pixel values of four pixels to another is aligned
with the direction. Therefore, the central value is coming. Calculate weighted average, where the
direction in which direction the standard deviation is small, with an average price at the extra
weight of noise pixels. It is an iterative method. This process was repeated 8 to 10 times. The
new directional weighted median filter for removing impulse noise random value gives better

performance when the noise level is very high.

2.7 Fuzzy Impulse Noise Reduction Methods for Color Images [15]

The reduction or elimination of noise in a color image is an essential part imaging as the
definitive information for human perception or a self-testing and analysis. Besides all the classic
filters based on noise reduction, have inspired many fuzzy filters have been developed over the
last years. However, it is very difficult to improve the quality of the various filters. ? Who are
these forms of noise, how in relation to each other, there are some filters that clearly surpass the

others Clears numerical results with the visual effects; This paper answers these questions for
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color images corrupted by impulse noise.

2.8 Histogram-Based Fuzzy Filter for Image Restoration [16]

This article present a new approach for restoring noisy images, highly impulsive noise is
particularly effective in removing while preserving image detail. It is a member of fuzzy
smoothing filter for a series of works produced by the basic parameters of the histogram entry is
achieved by making. The principle of maintaining a dynamic histogram integrated statistical
inputs to the original parameters to adjust. A reference intensity and defuzzification of the
production process to reduce the deviation. The median filter (MF), the proposed filter has the
advantage that it is simple and does not assume any prior knowledge of the input data, but it is
traditional for the full range of possible impulse noise filter (MF) including more than display
appears. Unlike many neuron-fuzzy or neuron-fuzzy filter the random strategy, the long-time

education, proposed to be used for the initial membership fees selecting functions.
2.9 Minimum-maximum exclusive mean filter (MMEM) [17]

Proposed MMEM filter works in a window size n x n. The damaged pixels kept center.
The proposed filter is applied to the original noisy image pixel to estimate a gray value for the
damaged pixel value is replaced. In other words, for each pixel find the maximum and minimum
values of gray window a n x n. Through all the value whose pixels is equal minimum activity
and maximum gray level in a window n x n. If all pixels are rejected then return to pick a new
window and do all the steps of what calculate the average (original) gray value of pixels refused,
and call this average value AVG. Use the average production filtered values of the four

neighboring pixels as the average is greater than the threshold otherwise keep the original pixel

intact.

2.10 Adaptive nearest neighborhood filter (ANNF) [18]

Adaptive nearest neighbor filter detects and filter salt-and-pepper noise only. Its
performance is remarks able in SPN but when comes to resolve Random value impulse noise it

fails to perform well. The details on ANNF is mention below
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2.10.1 Noise Detection

Non overlapping blocks are of size 3 x 3 is made and mean of each block is calculated x .
Than first order derivative is calculated by subtracting every pixel of 3 x 3 windows from mean

as shown in figure 2.2.

d?x, d¥x, d3x
Xy Xz X3 dxy dx; dxg d(dxi d2x1 dzx: dzx?' Thi 110
Xy X5 Xg " dx4 de dx5 4 6 w 1 01
X7 Xg Xg dx; dxg dxy I, dig dix 110

X Dx D
(a) First Order, Second Order & Noise Map Construction

d?x; = dx, — dx,
d?x, = dx, — dx3
d?x; = dx, — dxs

(b) Second order derivative calculation

Figure 2.2: Noise detection Process

Now Second order derivative is calculated from first order derivative, now based on threshold a
noise map is constructed. The detail of the whole process is shows in the figure 2.2(a). Figure
2.2(b) shows the process of calculation of second order derivative. The noise map having ‘1’
means the pixel value is corrupted and it is sent to Adaptive nearest neighborhood filter (ANNF)
to estimate a value for the corrupted pixel. The noise map having ‘0’ means the pixel value is not

corrupted so it is left as it is.

2.10.2 Noise Removal

Adaptive nearest neighbor filter replace the contaminated pixel value by its neighboring pixel. It
has two strategies in replacing the value of contaminated pixel. Firstly it will replace the
contaminated pixels ‘C’ with P1 or P2 or P3 or P4 as shown in figure 2.3 (a). This filter is known
as Adaptive nearest neighbor filter (ANNF). If all the pixels P1, P2, P3, P4 are corrupted than it

will look into the pixels which are located in diagonal locations R1, R2, R3, R4 as shown in
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figure 2.3 (b). This method is known as Modified adaptive nearest neighborhood filter
(MANNE).

(a) ANNF | (b) MANNF

Figure 2.3 : Adaptive nearest neighbor filter

If these pixels R1, R2, R3, R4 are also corrupted than this pixel ‘C’ is left as it is and filter moves
to next 3 x 3 block and filters the contaminated pixels. In this iterative and repeated way it will

remove the contaminated pixels.

2.10.3 Limitations
L. Only removes SPN and does not consider RVIN which is difficult to detect and remove

1. Does not preserve boundary details well because of not using any directional statistics in

noise detection process

2.11 Similar neighbor criterion [19]

A similar neighbor criterion filter detects random value impulse noise and removes it by

comparing it with the certain thresholds values.

2.11.1 Noise Detection
The noise detection process works in different size windows 3 x 3,5 x5and 7x 7

respectively. Each window is passed through three different phases which are as under.

Phase I: If a block have similar pixels than noise-free pixel block as shown in figure 2.4 (a).
Phase II: If a block have no similar pixels than noisy pixel block as shown in figure 2.4 (b).

Phase III: If a block have very large or small values as compared to other pixels than noisy pixel
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block. The pixels which are circled are considered to be noisy pixels as shown in figure 2.4 (c).

120 115 115 120 116 115 120 116 115

121 117 117 121 110 111 121 @ 111

119 116 115 119 122 114 119 122 ( 9)
(a) Phase I (b) Phase I (c) Phase II1

Figure 2.4: Noise Detection of similar neighbor criteria

2.11.2 Noise Removal
The restoration process works in 3 x 3, 5 x5, 7 x 7 windows. In order to restore the

corrupted image replace each detected noisy pixel that was flagged as 0 in noise map with a
normalized weighted sum is taken of good neighboring pixels in the filtering window of 5 x §

size keeping other pixels intact.

2.11.3 Limitations
I.  Does not preserve image details well because each pixel is considered as an original pixel
and it has to satisfy the threshold(s), which result in poor detection specially in RVIN.
II.  Does not preserve boundary details well because of not using any directional statics in

noise detection process.

2.12 Multi-stage Directional Median Filter (MDM) [20]

Muiti-stage directional median filter removes the noise using four different directionsina 5§ x 5

window.

2.12.1 Noise Removal
This filter removes the noise by keeping the corrupted pixel in the center and estimate a
value by getting the median value of all the four directions. The direction having smallest median

values is considered and replaced as shown in figure 2.5.
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Figure 2.5: Four directions

2.12.2 Limitations
I.  Only removes SPN and does not consider RVIN which is difficult to detect and

remove.

II. Restore thin directions and neglect thick directions, does not use directional

statistics in proper manner.

2.13 Summary

In this chapter, basics of spatial filtering, smoothing filters, order statistics filters and
adaptive filters are discussed. Smoothing or average filters are used in pre-processing steps for
blurring and noise reduction. Order statistics filters are based on ordering of gray levels in the
neighborhood defined by filter mask. Adaptive filters are much better in performance as

compared to smoothing and order-statistics filters. This chapter also describes in detail about the

related work in the form of literature review.
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Chapter 3

Problem statement

As we know that Random Value Impulse Noise (RVIN) is hard to detect and remove as
compared to Salt-and-pepper (SPN). In SPN the pixel value can be 0 or 255 [ S, orS,,, ] value
which is easily to traceable. Where as in case of RVIN the pixels gets random values from 0 to

255,[S

'min > Smax ] Which gets hard to identify, is it an original pixel or is it a noise in the image. In
SPN the noisy pixel gets completely different values as compared to its neighboring pixels.

Either it gets a large value ‘255’ [ S, ] as compared to its neighboring pixel or it gets very small
values ‘0’ [ S, ] as compared to its neighboring pixel but in case of RVIN the noisy pixel can

have minimum ‘0’ [ S, ] or maximum ‘255° [ S, ] value or it can have same or closer value as

compared to its neighboring pixels. RVIN will have any value range from 0 to 255. It will have
black and white spots along with gray spots in an image. Gray spots distribution will be different,
it will be dark gray, medium gray, light gray, etc. The difference between RVIN and SPN can be
best described by the figure 3.1

0 (0,255) (255)
(a) Salt-and-pepper

0 (0,255) | 255)

(b) Random value impulse noise

Figure 3.1: Comparison of RVIN & SPN
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O Problem 1: Somasundram et.al’s[12] only removes SPN and does not consider RVIN

which is difficult to detect and remove as shown in figure 3.2(b)

O Problem 2: Said et. al’s [13] does not preserve image details well because each pixel
is considered as an original pixel and it has to satisfy the threshold(s) and if it fail to

satisfy the threshold, which result in poor detection specially in RVIN

O Problem 3: Both [12-13] technique does not preserve boundary details because of not

using any directional statistics in noise detection process as shown in figure 3.2

O Problem 4: Zong and Le [14] detects only thin edges, but when comes to thick edges

it does not retain them.

O Problem 5: The filters discussed above [12, 14] removes salt-n-pepper noise from

digital images they do not entertain random value impulse noise. Whereas Said et. al’s

[13] handles RVIN but without any directional statistics.

The problems discussed above handles salt-n-pepper very well except one (Problem 2) but when
comes to random value impulse noise these filters do not detect noise very well and fail to
preserve images having fine details. The reason is that they do not use any directional statistics in
noise detection process or in noise removal. They just use the weighted median value of the
neighboring pixels. The median filter performs well as long as the spatial density of the impulse
noise is not large. This strategy works very well when images have smooth regions but when
comes fine details it don’t preserve boundaries of an object in an image especially when we are
taking about thin edges in an image. The last filter problem 5 do handles thin edges but when we
are taking about thick edges it do not handle thick edges and also remove salt-n-pepper noise. It

do not consider random value impulse noise.
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Figure 3.2: Problem statement
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Efficient Impulsive noise detection scheme
Proposed Method
DBSNNEF noise detection algorithm
Efficient Impulsive noise removal scheme
DBSNNF noise removal algorithm
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Chapter 4

Proposed solution

4.1 Efficient Impulsive noise detection scheme
The main challenge in the removal of impulse noise is to suppress the noise and to

preserve the details of the image like edges, objects, boundaries etc. Median filter for removing
impulse noise is used as a base. A pulse detector with several filters are proposed to remove
impulse noise, and some of them are described in chapter 2. We proposed a novel method for
detection and removal of random value impulse noise from images. The scheme works in two
phases, namely a novel detection method of contaminated pixels followed by filtering these
contaminated pixels keeping other intact. The scheme works in two phases, namely a novel
detection of contamination pixels followed by filtration of the contaminated pixels and keeping
others intact. The detection scheme uses first-order difference followed by second-order
difference of pixels in a 5 x 5 test window to detect noise and build a noise map. The filtering
scheme is a median filter making a decision in choosing a direction using standard deviation to

preserve edges and image details, this filter also runs in 5 x 5 windows.

4.1.1 Sharpening Spatial Filters

The main purpose of the loops on the fine details of the image or highlight to detail is to
improve blurred, either accidentally or as a natural consequence of a particular method of
acquiring of the images. Uses of image enhancement vary and include applications ranging from
medical imaging to industrial autonomous inspection and to electronic printing and guidance
military systems. Image blur could be done in the spatial domain by averaging the pixels in a
neighborhood. Since the average is analogous integration, it is logical to conclude that the
approach could be achieved by spatial differentiation. This indeed is the case, and discussion in
this section discusses an efficient way to define and apply the operators to sharpening of digital
differentiation. Fundamentally, the strength of the response of an operator derivative is
proportional to the derivative operator tearing at the point at which the operator is applied. Thus,

by taking image differential enhances discontinuities (such as noise) and the edges keeping less
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emphasis on areas with slowly varying gray level values.

4.1.2 First & Second order derivative
The behavior of first order & second order derivatives in areas of constant gray level (flat

segments) is of interest at the beginning and end of discontinuities along gray level ramps. The

derivatives of a digital function are defined in terms of differences.

A first order derivative function for one dimension is defined in equation (4.1).

L fx+)-1 () @1

A partial derivative is used here to keep the same notation as when considering an image

function of two variables f(x, ).

Similarly, we define a second-order derivative as the difference in equation (4.2)

o’ f

ox?

=f(x+D)+f(x-1)-2f(x) “4.2)

Where f(x) is a pixel, f(x+1) is the next pixel to it and f(x—1) is the previous pixel
to it.
Figure 4.1 shows the importance of first order and second order derivatives. Both of the
derivatives are used to detect edges in flat regions and discrimination of noise from images. If we
compare first order and second order derivatives we get to know that
o First-order derivative is generally used to detect thick edges present in an image.
¢ Second order derivatives have greater response to images having fine details, like image
having fine lines and isolated points present.
o First order derivatives shows high response to gray level present in an image.

e Second derivatives produce shows higher response to gradual changes in gray level.

For similar changes present in a gray level, the response of second order derivatives in very

Impulse noise detection and removal using second order differential and similar nearest neighbors 38



Proposed Solution l MSECS) Thesis

Chapter 4

strong to a line than to a step and to a point than to a line. So we will be using both first order
derivative as well as second order derivative to detect noise and edges present in an image.
Figure 4.1 (a) shows a single image that contains multiple solid objects, a line and a point sound.
Figure 4.1 (b) shows a gray level horizontal profile (scanning line) of the image along the center

and that includes noise point. This profile is the function of a dimension to be used for

illustrations regarding the figure.
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Figure 4.1 (2) True image. (b) Isolated noise point along with 1-D horizontal gray level profile.
(c) Calculation of FOD & SOD.
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Figure 4.1 (c) shows a simplified profile, with enough members or numbers to make it possible
for us to analyze how first order and second order derivatives behave as found with a point noise,
a line, or the edge of an object. In our simplified diagram of the transition ramp spans four
pixels, the noise is about one pixel, the line is three pixels thick, and the transition to the gray
level crossing takes place between adjacent pixels. The number of gray levels was simplified to
only eight. Considering the properties of first order derivative, is that it is not zero over the entire
ramp, while the second-order derivative is nonzero only at the beginning and end of the ramp as
shown in figure 4.1(c). Because the edges of an image resembles the same type of transition, we
conclude that first order derivatives is to produce "thick" edges and second order derivatives,

produces much finer thin edges[1].

4.2 Proposed algorithm

The proposed technique directional based similar nearest neighbor filter (DBSNNF) is
divided into two main modules. (I) Noise detection module, (II) Noise removal module. Both of
the parts play an important role in removing the noise. Failure of any one module will result in

blur image having noise in it. Proposed algorithm is shown below.

DBSNNF Algorithm:

[1] Input image.

[2] Noise detection process.
(2.1) First order derivative.
(2.2) Second order derivative.
[3] Noise map construction.
[4] Noise removal process.
(4.1) if noisy pixel found than
(4.2) Passed the noisy pixel to directional based similar nearest neighbor filter.

(4.3) else juts keep the pixel value intact.

[5] Final restored image.
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4.3 Proposed architecture

Architecture of proposed algorithm is shown in figure (4.2) which shows the flow of the
algorithm. A noisy image is taken in as a input image, it is then then passed to noise detection
process which yields a noise map. Now considering the noise map, each pixel is checked one by
one, if the pixel is noisy it is passed to the directional based similar nearest neighbor filter which
estimate a new value for that pixel and if it is noise free than original value of pixel is grabbed

and a new image is restored as shown in figure (4.2).

bi Start

Noise Image

Placing
..... the
value of
Noise Detection Process  Getting concerned
R o the . non_noisy
value of pixel
concerned | from
non-noisy original
4 pixel image
,} from into
Noise Map Construction ::fg':al ::satlored
image

» Final
restored
image

Directional based similar
nearest neighbor filter

Placing a new value for the
concer

Figure 4.2
Proposed solution architecture
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Seventeen pixels are considered in a 5 x5 window for four directions, whereas the pixels that lies

in these four directions are

d, ={P1, P2, P7, P8}
o d,={P3,P4,P5,P6}
o d,={Dl,D3,D6,D8}
o d,={D2,D4,D5 DT}

Where ‘C’ is the pixel whose value is to be evaluated and it is kept in center. All the

twenty five pixels in a 5x 5 window are evaluated one by one for noise.
The equations for the above four directions ( d,,d,,d;,d, ) can be derived by getting impressed
from Laplacian operator, which is a very good detector in detecting sharp edges when pixel gray

levels change rapidly. But when there is a slow change in gray levels from dark to bright, than

gradient operation produce a very wide edge. Laplacian operator is based on four pixels values as

shown in figure 4.4

Figure 4.4: Laplacian operator

Laplacian operator is shown in equation 4.3.

Vif=fx+Ly)+ f(x=L )+ f(xy+D+ f(x,y=1) -4 £ (x,y) (4.3)
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Where as in case of proposed DBSNNF algorithm four pixels are considered in one direction and

the fifth pixel is the centered pixel. The equations for each direction is shown in equation 4.4

d ={lf(x=2,)+f(x=1Ly)+ f(x+L, )+ f(x+2,») -4/ (x, )|} (4.4.1) -

dz ={|f(xsy—2)+f(xsy—l)+f(xsy+l)+f(xsy+2)—4f(xsy)|} (4~4-2)
| (4.4)
dy={| f(x-2,y=2)+ f(x-Ly-D+f(x+Ly+D)+ f(x+2,y+2)-4f(x,))|} 443

d,={lfx=-2,y+)+ f(x-Ly+D+fx+Ly-D+ f(x+2,y-2)-4/(x,))[} (449"

These four equations are derived from figure 4.5. Thus impulse detection can be represented
using the minimum value of these four directions. The equation for impulse detection is shown

as.

d=min{d, :1< K <4} (4.5)

After getting the value of d which is minimum among four directions, a decision is made to

construct a noise map by comparing with a threshold 7.

1. If value of d is small enough than test pixel f(x,)) is a noise-free pixel or we can say

it’s a flat region pixel as all the four direction differences are small. So zero (0) will be

placed for the concerned pixel.

2. A test pixel f(x,y) when falls on an edge will have smallest second order derivative
which will satisfy the threshold. So the test pixel f(x,y) will be considered noise free

pixel. So zero (0) will be placed again at the place of concerned pixel.

3. A large value of dimplies that the test pixel f(x,y)is noisy as its directions yields a
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large value. So one (1) will be placed for the concerned pixel.

All the concerned four directions are shown in the figure 4.5. This will produce a Noise map

which will identify noisy pixel and noise free pixel.
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Figure 4.5: Four directions for calculation of SOD
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4.5 Efficient Impulsive noise removal scheme

4.5.1 Noise Correction
To remove the noise, each pixel is checked, if it has noise means 1 (one) than it will be

passed to Directional based similar nearest neighbor filter to remove the noise and if it does not
have noise means zero (0) than the value of concerned pixel from the noisy image (original

image) will be taken as it is and placed at the concerned location to make a final restored image.

4.6 DBSNNF noise removal algorithm

[1] If pixel is not noisy then
(1.1) Just place that pixel value from input image at concerned place in restored image.
[2] else if pixel is noisy then
(2.1) Make a 5 x5 window on input image.
(2.2) Place the processing pixel at the center of 5 x 5 window.
(2.3) Get the pixel values from four directions from input image (excluding center pixel).
(2.4) Calculate median of four directions. ( MedianDir,)

(2.5) Get the values of eight background pixels left in 5 x 5 window from input image.
(2.6) Calculate median of eight background pixels.( MedianBGP )
(2.7) Calculate standard deviation of four directions.
(2.8) if any two or more standard deviations are equal then
(2.8.1) Calculate difference (there exist 2 or more directions)
diff, = MedianBGP — MedianDir,

(2.8.2) if any two differences are equal then
(2.8.2.1) There exist two edges.
(2.8.2.2) Get the median value of that direction and place in the centered pixel.
(2.9) else if any directions standard deviation equal to zero.
(2.9.1) Its possible there exists a single edge.
(2.9.2) Get the median value of that direction and place in the centered pixel.
(2.10) else if no standard deviation equal to zero means no edge exist
(2.10.1) Find direction with smallest standard deviation.
(2.10.2) Combine that direction vertically to make a 5 x 6 window.
(2.10.3) Calculate median of 5 x 6 window excluding the processing pixel.
(2.10.4) Place the median value of 5 x 6 window in the effected pixel.
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Where MedianBGP is the median value of eight background pixels as shown in figure 4.6(a)(b),

MedianDir, is the median value of four directions, diff, is the difference calculated and i =

1,2,3,4. The background pixels are shown in figure 4.6(a)(b).

(a) (b)
Figure 4.6: Eight background pixels

Where B1,B2,B3,B4,B5,B6,B7,B8 are the eight background pixels. Background information
can be very useful in detection of edges. Median value of these eight background pixels will

represents background information.

4.6.1 Detail explanation of algorithm
The noise map is constructed by noise detection module, which identifies noise as one

and noise free as zero. If the first pixel is noise free, its concerned value is picked from input
image and placed at concerned place in restored image. Now second pixel is checked and if it is
noisy pixel than a 5 x5 window is made from input image. Starting from the first pixel f(x, y),
keeping it in center and by padding two rows and two columns as shown in figure 4.6 four
directions values are extracted from input image. (This pad array is used to get pixels values for
four directions when checking first two rows and last two rows in the same way first two
columns and last two columns) Median of each direction is calculated. Then eight background
pixels are considered which are useful in the identification of edges. Median value of these eight

pixels represents background information B(x, y) . Standard deviation S,(x,y) (k=1, 2, 3, 4) of

four directions is calculated because standard deviation (0) shows much dispersion or much
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variation from the average. Small value of 8 tends to shows that data value are very close to the
mean value. Whereas in case of high value of ¢ indicates that data points are spread over a large

area. While in case of DBSNNF noise removal algorithm if there is one or more directions

having same standard deviation S, =S, =S,=5, =0 than difference between median value of

background pixels (MedianBGP) and median value of each direction (MedianDir)) is
calculated which is shown in equation 4.6.

diff, <| MedianBGP — MedianDir, | 4.6)

Whereas 7 ranges from 1 to 4. Since edges always differ from background, bigger difference of

any direction yields a possible edge direction.

f{ fey) lfen | rey | o [ sz [ ase [ st
| &y fen | [y 150 152 150 151

Figure 4.7: Padding two rows & two columns

For example if difference between MedianBGP and MedianDir, is bigger than difference of

other three directions { MedianDir, (i = 2,3,4)}. It indicates that d, has an edge. If we have any

two differences equal to each other than it means that there exist two edges, replacing median

value of any direction will repair the edge pixel.
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For example: if

diff, =diff, || diff, = diff, || diff, = diff, replace the noisy pixel with MedianDir,

in the same way if

diff, = diff, || diff, = diff, replace the noisy pixel with MedianDir,

and if

diff, = diff, replace the noisy pixel with MedianDir, or MedianDir,

If all the Standard deviation S,(x,y) has different values that means there exist no edge than

find the direction with minimum standard deviation with the equation 4.7.

S =min{S, : 1<k <4} @.7

Now direction having small standard deviation is found. Combine the direction having small
standard deviation vertically with 5 x 5 window to make a 5 x 6 window as shown in figure
4.8(b). Now calculate the median value of 5 x 6 window excluding the center noisy pixel and
place that value in the center pixel colored in red as shown in figure 4.8(b). The center pixel is
excluded because we estimate a value for noisy pixel by taking a median of noise free pixels. In
this way all the pixels are analyzed for noise detection and passed to DBSNNF noise removal

algorithm one by one which yields restored image.
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(a) 5 x5 window with d,having small 0 (b) 5 x 6 window by replicating d, values

Figure 4.8: Replicating values of direction having smaller ¢

4.7 Repeated architecture

Once the DBSNNF retrieves a restored image its peak signal noise ratio (PSNR) is
calculated and compared with the previous value of PSNR of filtered image. For the first time
PSNR value will be initialized to zero and when first restored image is retrieved its PSNR value
is calculated and compared with previous value which is zero. So the condition satisfy, new
PSNR value is greater than previous value so restored image is sent again to the filter as shown
in figure 4.9. This process will continue until PSNR value of the restored image start decreasing.

When the condition does not satisfy previous,g, < new,g, than system exit. Which means that

filter has restored the best image. So we will consider the PSNR value which is highest among
all. The image with high PSNR value will be considered the best image filtered. Normally when
the noise is less the filter gives best PSNR value at first iteration. As the noise ration increases
the filter gives best PSNR value at second iteration and so on. When the noise ratio exceeds
80% then the filter gives best PSNR at fourth iteration, which is the last threshold value. Setting
the threshold value plays an important role in detection of noise. These threshold values are
considered after performing many experiments on different image with different noise ratio.

More detail about threshold is discussed in chapter 5.
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Figure 4.9: Repeated flow of the system

4.8 Standard Deviation

Standard deviation is used to tell how the values or data points are distributed. The
standard deviation is represented by the Greek symbol o. If data points are spread over a wide
region then standard deviation value will be high showing that all the values are different from
each other and if data points are close to each other than value of standard deviation will be
small, showing that values are same or almost same to each other. Standard Deviation plays a
key role in making decision based on the data points. The common definition of standard

deviation S of a data vector X is shown in equation 4.8.
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(4.8)

x= % 3, (4.9)

Where n is the number of elements in the sample, x is the mean.

4.8.1 Example of standard deviation

Finding the heights of dogs (in millimeters) as shown in figure 4.10.

Figure 4.10: Example figure to calculate standard deviation

The height of each dog (at the shoulders) is: 600mm, 470mm, 170mm, 430mm and 300mm.
In order to calculate the standard deviation finds Mean, Variance, and Standard Deviation.

The mean is calculated by adding all dogs height divided by total number of dogs as shown in

the calculation below.
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600 + 470 + 170 + 430 + 300 1970
Mean = = =394

The mean (average) height is 394 mm. Plotted as shown in the figure 4.11.

600

200

600 by N
4 O O z_‘it) —-—‘-1/() ¥_%ﬁ=:

200 =

Figure 4.12: Showing difference from mean

Now calculating each dog difference by subtracting mean with its actual shoulder height as
shown in figure 4.12.In order to calculate the Variance, take difference of each dog, square it,
and then average the result:
2062 + 762 4 (—224)2 + 362 + (~94)?
Variance: o2 = + + (=2 5) + +(=94)

42,436 45,776 + 50,176 + 1,296 + 8,836
- 5

108,520
-3

=21,704
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The Variance calculated is 21,704. Now in order to find the Standard Deviation just square root

the Variance value that would be
Standard Deviation: ¢ = V21,704 = 147.32... = 147 (to the nearest mm).

Now in this way we can see that which heights are within one Standard Deviation (147mm) of

the Mean, as shown in figure 4.13.

Figure 4.13: Showing values with in standard deviation

4.9 Summery

Proposed solution for random valued impulse noise removal is based on two separate
phases, detection phase and filtering phase. In detection phase, a window of size 5x5 is made and
scanned across the noisy image. In order to identify that whether the central pixel is corrupted or
having impulse noise or not a novel technique having two modules, noise detection and filtration
process is used. In first step, first order difference is calculated and then this image is passed to
calculate order difference which is then used to develop a noise map. Pixel which are considered
as noisy pixels are the candidates for noise removal, are sent to noise removal filter. The
proposed filtering technique is based on directional median (MED) filter using standard
deviation which works in four different directions respectively. Whereas to preserve edges and
noise-free pixels the whole process is repeated and the restored image will be the input image
for the second time processing. This process will continues until the PSNR value of the restored

image start decreasing.
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Chapter S

Simulation Results

5.1 Peak signal noise ratio
To study and analyze the performance and working of proposed method, results have
been compared with many states of the art filters proposed earlier. The images were corrupted
with different noise ratio in a size of 512 x 512. The peak signal noise ratio is defined in
equation 5.1, which is used for the quality of measure of the images.
PSNR =20log,, (—MA——&) 5.1

JMSE

Whereas Mean square error (MSE) is defined as:

MSE=—”—:;'"Z' S1r6.0)-g6.0r (5.2)

Where frepresents the matrix data of our original image, g represents the matrix data of
our degraded image, m represents the numbers of rows of pixels of the images, 7 represents the
index of that row, n represents the number of columns of pixels of the image and j represents the

index of that column, MAX , is the maximum signal value that exists in our original “known to

be good” image. The mean squared error (MSE) for our practical purposes allows us to compare
the “true” pixel values of our original image to our degraded image. The MSE is the average of
the squares of "errors" between our refined image and our noisy image or corrupted image. The
error is the amount by which the values of the noisy image different from the refined image.

The proposal is that the higher the PSNR, the better degraded image was reconstructed to
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match the original image and the best of the reconstruction algorithm. This can happen because
we want to minimize the MSE between the images with respect to the maximum value of the

image signal.

5.2 Experimental Results

Figure 5.1(a) shows the original image of size 21 x 21 blocks. Figure 5.1(a) is corrupted
with 30% random value impulse noise ration as shown in figure 5.1(b). Figure 5.1(c) shows the
restoration of image with median filter. Figure 5.1(d) shows the image restored by directional
weighted median filter. Figure 5.1(e) show screen shot of adaptive median filter. Figure 5.1(f)
shows the proposed filter result. If we compare the PSNR value of these filters, it clearly shows
that proposed filter perform well against state of art filters. PSNR value for median filter is 16.69
dB, in the same way PSNR value is 15.56 dB for directional weighted median filter, for adaptive
median filter PSNR is 19.77 dB and in the last PSNR for the proposed filter is 22.84 dB.

(a) Original Image | (b) Corrupted up to 30%, (c) Median Filter
RVIN

(d) Directional weighted (e) RORVIN median filter (f) Proposed filter
median filter

Figure 5.1: Image having four directions of 21 x 21 block
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The result shows that the proposed filter is the best. Adaptive median filter performance comes

in second, than comes directional weighted median filter, conventional median filter performs

poor in detection of edges.

5.2.1 Results of Lena image

Table 5.1: Comparison of Lena image with different filters corrupted with varying strength of RVIN

Mothods | 5% 1 10% | 15% | 20% | 25% | 30% | 40% | 45% | 50%
SD-ROM | 3925 | 35.89 | 34.09 | 32.48 | 31.05 | 29.86 | 2732 | 2496 | 2235
ACWM | 3s 29 | 3447 | 3341 | 3244 | 3135 | 3040 | 27.86 | 25.66 | 22.51
PWMAD | 3¢ 46 | 34.86 | 32.69 | 3058 | 2801 | 2594 | 2241 | 19.42 | 17.08
DWM 13605 | 35.15 | 34.48 | 33.81 | 33.00 | 3243 | 3064 | 29.14 | 2657
RORVIN | 4116 | 3834 | 3642 | 3496 | 3348 | 3250 | 3098 | 29.56 | 28.76
1;4“""’“" 4639 | 4051 | 3723 | 3454 | 3355 | 32.55 | 31.15 | 30.04 | 26.05
ethod

In our experiments Lena image is corrupted with Random value impulse noise (RVIN)

(5% to 50% of noise) and is subjected to different filtering schemes as discussed above. The

entire well known filters of RVIN are compared with the proposed method.

(a) True image

(b) Noisy image

(c) SDROM
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(d) ACWM (¢) PWMAD (H DWM

(g) RORVIN (h) Proposed method

Figure 5.2: Lena image degraded with 30% of RVIN and restored by different methods.

Experiments have shown that the proposed method has performed well till 45% as
compared to the other filters for Lena image. The proposed method perform very well in 5%,
10% and 15% noise but when 20% noise is added to the image, Removal of random value
impulse noise (RORVIN) PSNR value is a bit higher than proposed method but the proposed
method performs better than the other filters as shown in table 1. As the noise increases from
20% to 25%, 30%, 40%, 45% again the proposed method perform well from all the filters, even
RORVIN on Lena image.

Figure 5.2(a) shows the original image of Lena, In figure 5.2(b) it is corrupted with 30%
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RVIN and figure 5.2(c) shows Signal dependent rank ordered mean (SD-ROM) filter.
Figure 5.2(d) shows Adaptive center weighted median filter. Figure 5.2(¢) shows Pixel wise
MAD filter. Figure 5.2(f) show Directional weighted median filter. Figure 5.2(g) show Removal
of random value impulse noise filter and figure 5.2(h) shows the refine image obtained after
applying the proposed filter. As we can see from figure 5.2(g) the proposed filter perform well

and remove noise more efficiently than any other filter.

Figure 5.3 show the graphical representation of Table 1. We can clearly see that PSNR is
high when the RVIN is low [5% to 20%)] in Lena image, as the noise increases the PSNR values
start to decrease because of random value which is very hard to detect. When the RVIN is 20%,
proposed method performance is a bit lower than RORVIN but it performs better than rest of the
methods. The proposed method keeps on performing better than all other filters until RVIN is
reached to 50% in Lena image. The PSNR value of proposed method is lower than RORVIN &
DWM when 50% noise is added but it performs better the other standard filters as shown in
figure 5.3.

50

=== SD-ROM
= ACWM
-4 PWMAD
=== DWM
=¥=RORVIN

PSNR in dB

i0

0% 10% 20% 3% 40% 50% 60%

Impulse noise rate

Figure 5.3: Graphical chart representation of Lena image with different methods
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5.2.2 Results of Bridge Image

Now we will be showing the comparison of bridge image. The table 2 shows that proposed
method performs better from all other well know filters. There was low performance in Lena
image when 20% noise is added from RORVIN and the proposed method performs well till 45%
and its performance start decreasing from 50% noise. Where as in case of bridge image proposed
method performance is better right from start till 60% except from DWM filter as shown in
table 2.

Table 5.2: Comparison of Bridge image with different filters corrupted with varying strength of RVIN

Methods | 10% | 20% | 30% | 40% | 50% | 60%
SD-ROM | »562 | 2635 | 24.89 | 23.03 | 2118 | 1921
ACWM 1 9589 | 25.14 | 2399 | 22.61 | 20.88 | 19.09
PWMAD | 5589 | 2522 | 2291 | 2027 | 17.86 | 15.77
DWM | 2602 | 2650 | 24.87 | 24.09 | 23.08 | 21.41
RORVIN | 5780 | 2720 | 2491 | 2373 | 22.14 | 20.02
vroposed | 3603 | 30.98 | 27.81 | 2540 | 2336 | 2132

Figure 5.4(a) shows original Bridge image 5.4(b) Noisy image corrupted 30% with RVIN and.
and figure 5.2(c) shows Signal-dependent rank-ordered-mean (SD-ROM) filter. Figure 5.2(d)
shows Adaptive center weighted median filter. Figure 5.2(e) shows Pixel wise MAD filter.
Figure 5.2(f) show Directional weighted median filter. Figure 5.2(g) show Removal of random
value impulse noise filter and figure 5.2(h) shows the refine image obtained after applying the

proposed filter.

The performance of proposed filter is better on bridge image because bridge image have more
boundaries than Lena image. As said earlier the proposed filter is best in detecting boundaries

and retaining them.

Impulse noise detection and removal using second order differential and similar nearest neighbors 61



Chapter 5 Simulation results ' MS(CS) Thesis

(a) True Image

(d) ACWM (d) PWMAD (e) DWM

(f) RORVIN (g) Proposed Method
Figure 5.4: Bridge image degraded with 30% of RVIN and restored by different methods.

The proposed filter detects edges in four possible directions, and then replace the
damaged pixel noise about the noise of the free edge average cost. The simulation showed that
the proposed filter provides excellent performance suppressing impulsive noise in any situation,
even if there is one edge in the image. The graphical representation of bridge image is shown in

figure 5.5. The graph clearly shows that the proposed method performs better than all well know
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filters. The value of PSNR remains high throughout the experiments. As said earlier proposed
method has performed better than any other method on those images which contain many edges.
The reason is that we are considering the background details also in detecting the edges which
gives a kick back in the performance of detection and estimating a value for noisy pixel,

especially in case of a single edge or multiple edges from the rest of the methods.
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Figure 5.5: Graphical chart representation of Bridge image with different methods

5.2.3 Results of wood image

The proposed directional based similar nearest neighbor filter (DBSNNF) is compared
with the results taken from a paper published in “International Journal of Signal Processing” in
2009. The paper “Multi-stage Directional Median Filter” by Zong Chen and Li Zhang perform the
simulation on “wood,jpg” image. In this paper they have added salt-and-pepper noise (SPN), whereas we
have added random value impulse noise (RVIN). As mention earlier that salt-n-pepper is easy to detect
and remove as compared to random value impulse noise but still the performance of proposed Directional
based similar nearest neighbor filter (DBSNNF) is better than Multi stage directional median filter
(MDM) as shown in table 3.
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Table 5.3: Comparison of Wood image with different filters corrupted with varying strength of RVIN

Noise level CM DWM AM MDM Proposed

DBSNNF
10% 17.48 20.63 20.66 24.87 30.62
20% 16.79 17.00 19.89 22.28 26.27
30% 15.73 14.46 18.97 20.50 23.28
40% 14.01 12.22 17.90 18.87 21.19
50% 12.12 10.40 16.90 17.40 19.26
60% 10.14 8.84 15.83 15.91 17.20
70% 8.42 7.56 14.74 14.43 15.07
80% 6.89 6.40 13.05 12.63 13.18
90% 5.53 5.38 9.59 9.95 11.59

The performance of proposed DBSNNF increases as the image has more edges in it as compared
to other state of art filters. Figure 5.6 show the wood.jpg image filtered by different state of art
filters shown in table 3. Figure 5.6(a) is the original wood image which is corrupted with 30%
random value impulse noise as show in figure 5.6(b). Conventional median filter is shown in
figure 5.6(c). Directional weighted median filter result is shown in figure 5.6(d). Adaptive
median filter result is shown in figure 5.6(e). Multi-stage directional median filter result is shown
in figure 5.6(f) and proposed Directional based similar nearest neighbor filter is shown in
figure 5.6(g). Proposed method performs best and then on second number multi stage median
filters [14]. Both of the methods Multi stage median filter and proposed directional based similar
nearest neighbor filter are designed in such a way to detect edges in an image, even the small
edges. The point where DBSNNF has an edge over MDMF is that the writer does not mention
how they have detected noise and constructed a noise map and in removing the noise they
haven’t handled the entire scenario like if there is two or more edges or if there is a single edge
or there exist no edge in a 5 x5 window. The filter dose not handle this situation where as in case
of DBSNNTF first thick sharp edges are handled by calculating first order derivative and then it is
sent to calculate second order derivative which identifies think edges. In removing the noise and
preserving the edges all four direction are checked in a 5 x 5 window for two or more edges and
then it checks if there exist a single edge and in the last if there exist no edge in a 5x 5 window.

So this is the main point where DBSNNF has edge than all other sate of art filters.
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(d) DWM filter (f) MDM filter

k¢

Proposd BS filter

Figure 5.6: Wood image degraded with 30% of RVIN and restored by different methods.
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Figure 5.7 shows clearly when there are both thick and think edges are present in an image the
DBSNNF performs better than all other state of art filters. When the noise is less the DBSNNF
performs outclass than any other filter but when the noise 70% to 80% AMF and MDM filters
performance come close to DBSNNF but still there PSNR values are less than DBSNNF but as
the noise is increased from 80% to 90% DBSNNF perform better by raising its PSNR value as

shown in figure 5.7.
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Figure 5.7: Graphical chart representation of wood image along with different methods

5.2.4 Results of Salt-n-pepper

The comparison of PSNR results among several state-of-the-art filters i.e., FIDRM, HFF,
AFMF, MMEM, WFM, MF, NFF and proposed (AFRDM) filter for a
350 x 350 “Pepper” image corrupted with random-valued impulse noise densities ranging from
10% to 50% is given in Table 4.
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Table 5.4: Comparison of Salt-n-pepper image with different filters corrupted with varying strength of

RVIN

Noise 10% 20% 30% 40% 50%

Method
FIDRM 36.62 30.20 29.49 25.34 21.05
HFF 32.85 3047 28.80 26.96 25.60
AFMF 28.42 27.38 26.00 24.12 24.05
MMEM 26.97 23.87 21.80 20.17 18.70
WFM 27.08 25.63 24.80 23.66 22.54
MF 32.27 28.45 24.16 20.15 14.00
NFF 24.21 20.66 18.44 16.47 14.21
Proposed 41.58 35.28 31.39 28.83 26.59

The graphical presentation of proposed DBSNNF is shown in figure 5.8. The graph clearly show
that proposed filter performs very well as compared to other state of art filters. One thing to
mention hear is that when noise is low the proposed filter performs extra ordinary but when
RVIN increases, its performance start to decrease dramatically. The reason behind this is first
order derivative which perform well to detect thick edges but when noise ratio is increased it

performances decreases.
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Figure 5.8: Graphical chart representation of salt-n-pepper image along with

different methods
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(a) ) Original Pepper imae (b) Corrupted with 50 random-
valued impulse noise

@MF (D) HFF

(2) Proposed DBSNNF

Fig. 5.9: Salt-n-pepper image degraded with 50% of RVIN and restored by
different methods
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5.3 Threshold Setting
To ensures better performance of proposed filter it is applied recursively and iteratively.

Threshold values increases as per iteration. Setting the threshold value plays an important part in
the detection of noise and making a noise map. Experiments has shown, keeping very small
threshold allows corrupted pixels affected by RVIN to pass as they satisfy the threshold, which
causes poor performance of the filter. Performing many simulations it has been observed that the

threshold set mention below gives better results.

[TH1 TH2 TH3 THA4] = [90 160 190 210]

The proposed filter works very well on second iteration when RVIN is low [5% to 20%]. It gives
high PSNR value on second iteration where Threshold TH2 is 160. As the RVIN increases the
proposed filter perform better on third iteration [25% to 40%] and as the RVIN increases from
40% the proposed filter perform better on fourth iteration. Different values of PSNR are yield on
different noise ration as shown in Table 5.5 and its graphical representation is shown in figure
5.10 and figure 5.11.

Table 5.5: Different PSNR values on different RVIN of Lena & Bridge image

Iterations 1 2 3 4 ‘ 4
Threshold | 90 | 160 | 190 | 210 190
Lena5% | 40.09 | 46.64 | 46.28 | 45.71 40.27 | 39.51 | 30.02

Lena 10% | 33.76 | 40.18 | 40.30 | 39.91
Lena 15% | 30.21 | 36.54 | 37.04 | 36.72
Lena 20% | 27.65 | 33.74 | 34.54 | 34.33
Lena 30% | 25.88 | 31.40 | 32.57 | 32.55
Lena 40% | 24.42 | 29.46 | 30.97 | 31.15
Lena 50% [ 19.56 | 24.04 | 25.65 | 25.99

36.03 | 35.70 [ 35.30
30.65 | 30.98 [ 30.77
27.07 | 27.81 | 27.75
24.35 | 2531 | 25.40
22.03 | 23.14 | 23.36
19.92 | 21.03 | 21.32

Table 5.5.1: Lena Image PSNR values on Table 5.5.2: Bridge Image PSNR values on
different Thresholds different Thresholds
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Figure 5.10: Different PSNR values on different threshold of Lena image
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Figure 5.11: Different PSNR values on different threshold of Bridge image
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In the same way the performance of proposed DBSNNF on wood and salt-n-pepper is shown in

table 5.6. When random value impulse noise is low in wood image like 10%, it perform very

well at first iteration and as the noise increase from 10% and onwards it start performing well in

second and then in third iteration and so on. But in salt-n-pepper image when noise is low the

proposed filter perform well in second iteration and as the noise increases it started to perform

well in third and fourth iteration. The graphical presentation of both images is shown in figure

5.12 and 5.13.

Table 5.6: Different PSNR values on different RVIN of Wood & Salt-n-pepper image.

lterations | 1 2 3 4 | 1| 2 | 3 |
Threshold | 90 | 160 | 190 [ 210 | |Threshold| 90 | 160 | 190 -
Wood 10% | 30.64 | 27.18 | 26.50 | 25.75 SNP 10% | 29.73 | 40.41
Wood 15% | 26.73 | 26.23 | 25.11 | 24.49 : % | 26.16 | 36.25 | 38.07 | 37.83
Wood 20% | 24.58 | 24.66 | 23.82 | 23.27 SNP 20% | 23.74 | 32.96 | 35.16 | 35.10
Wood 30% | 21.37 | 22.35 | 21.93 | 21.55 SNP-30% | 20.33 | 28.38 | 31.12 | 31.39
Wood 40% | 18.82 | 20.46 | 20.37 | 20.12 | | SNI | 18.05 | 25.11 | 28.09 | 28.77
Wood 50% | 16.51 | 18.60 | 18.89 | 18.81 _SNP 50% | 16.08 | 22.40 | 25.54 | 26.56
Wood 60% | 14.30 | 16.71 | 17.40 | 17.51 | | SNP60% | 13.98 | 19.23 | 22.36 | 23.76
Table 5.6.1: Wood Image PSNR values on Table 5.6.2: Bridge Image PSNR values on
different Thresholds different Thresholds
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Figure 5.12: Different PSNR values on different threshold of Wood image
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Figure 5.13: Different PSNR values on different threshold of Wood image

5.4 Summary

In this chapter, simulations have been performed on various images adding different
noise ratio to Lena, Boat, Bridge & Wood image. The results are evaluated by considering Peak
signal noise ratio and compared with different state of art filters. Simulation results shows that
the proposed filter perform well against other state of art filters when images have fine details
and sharp edges. A set of threshold values is considered and image is passed iteratively to same

process again and again unless the Peak signal noise ratio starts decreasing.
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Figure 5.13: Different PSNR values on different threshold of Wood image

5.4 Summary

In this chapter, simulations have been performed on various images adding different
noise ratio to Lena, Boat, Bridge & Wood image. The results are evaluated by considering Peak
signal noise ratio and compared with different state of art filters. Simulation results shows that
the proposed filter perform well against other state of art filters when images have fine details
and sharp edges. A set of threshold values is considered and image is passed iteratively to same

process again and again unless the Peak signal noise ratio starts decreasing.
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consumed by proposed filter depends on noise ration and image details. The maximum time

consumed when 90% noise is added to wood image was 95 seconds.

6.3 Future Work

As the proposed filter performs very well than other state of art filters in detection and
removal of random value impulse noise. Better results can be achieved by making the threshold
adaptive. Fixed threshold does not perform very well when different noise ratio is added to
different images as compared to adaptive threshold. So the threshold can be made adaptive to
achieve more better results. As the literature and previous research shows that adaptive threshold
adjust its value according to the neighboring pixels. Secondly we can add fuzzy based

directional median filter along with standard deviation for estimating the value for noisy pixel.
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