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Abstract

Denoising an image is a well-studied topic and a critical method used in the medical,
environmental, educational, and communication fields. There have recently been
several conventional and unique ways to picture denoising researched. Although these
tactics provide excellent outcomes, there is always room for improvement. Using this
notion as a guide, an improved framework comprised of four models was created in
order to provide high-quality and accurate pictures for its application. A learning
framework is a supporting structure that may be built around a technique or process
that allows for the accomplishment of a certain goal. This study presents a
development framework for successfully denoising a picture while overcoming the
limitations of current methodologies. The models chosen and detailed in this study
have been validated in earlier research work, and the findings of the given models are
compared to reach a conclusion. Despite the development of various conventional and
unique picture denoising algorithms, they have not shown sufficient, qualitative
outcomes in terms of improved performance. The improvised model employs a
variety of procedures depending on the kind of noise to be eliminated in order to
provide clear, noise-free pictures. Depending on the kind of noise to be eliminated,
four methodologies are employed to develop models that may be utilized for
denoising an image: Dictionary Based, Non Local Means Decision Based
Unsymmetric Trimmed Median, Patch Based, and Fourth Order Kernel Regression.
Each model is evaluated using common database pictures used in denoising research,
which are well supported by efficient methodologies. When the results are compared
to current methods, it is obvious that the proposed approach of Dictionary-based

denoising provides effective results for eliminating Gaussian noise from a picture.
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Furthermore, the NLM-DBTUM-based denoising technique outperforms earlier
models in the removal of Gaussian and impulse noise from images. The third option,
the Patch Based approach, aids in the removal of Gaussian, Speckle, and Impulse
sounds, and the results have been demonstrated to be successful when using the
provided algorithm. Fourth Order Kernel Regression is presented as a unique
technique for reducing Rician and Gaussian noises in 3D medical pictures during
image denoising. The models address the drawbacks of previous approaches by
constructing algorithms that generate qualitative pictures while preserving their edges.
These proposed strategies are extensively addressed in conjunction with the standard
database of pictures accessible for denoising and a thorough examination of the
execution of developed algorithms. The findings of these algorithms are utilized to
create a learning framework for picture denoising and restoration. Depending on the
need, application, nature of the picture under study, and forms of noise present, the
models in this framework may be employed together or independently.

1 introduction and interpolation of dark and bright

Amplifier noise, often known as  pixels, this noise may be reduced.

Gaussian noise, is the additive noise
model that is individually present in
each pixel of a picture. This is mostly
due to the wusage of additional
amplification while taking blue color
channel images as opposed to green or
red color channels. The continual
presence of this noise in the picture's
dark areas is regarded as a crucial phase
in the process of image denoising.

Images with salt and pepper (Impulse)
noise are those that have dark pixels in
bright parts and bright pixels in dark
regions. Dead pixels, errors in analog to
digital converters, and bit errors during
transmission are the major sources of

this noise. By using dark frame removal
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Active radar and Synthetic Aperture

Radar (SAR) pictures suffer from

speckle noise, also known as
multiplicative noise, which is granular
noise that is always present in an image.
While returning signal from an object,
which is not bigger than in a single
random

processing unit, it causes

oscillations in conventional radar
findings. In general, this noise SAR
makes interpreting a picture more
challenging. Coherent processing of the
backscattered signal from several spread
targets is what is causing this noise.

Quantization noise and uniform noise
are both terms for the same phenomenon.

It results from the evenly dispersed
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picture pixel's quantization into a variety
of various levels. The noise level's gray
values are dispersed over the picture in a
certain range in this noise. Additionally,
it may be used to degrade pictures for
evaluation utilizing restoration
techniques as well as to produce other
forms of noise distribution. This also
produces the most impartial, neutral
noise.

Specific sorts of electronic noises known
as Poisson noise (photon noise) develop
when a limited number of electron
energy particles are transported in a
circuit and a photon in an optical device
that is tiny enough to detect statistical
fluctuation. This is also true in cases
when a sensor's capacity to detect
enough photons to provide statistical
data is insufficient. Usually, the root
mean square value is proportional to the
square root of the image's intensity.
DENOISING PROCESS - Using a
variety of denoising techniques, the
process of denoising to be applied is
based on an algorithm that can eliminate
the noise parameters from a noisy
picture without damaging the essential
characteristics of the same. This
procedure is significantly tough since it
employs a variety of challenging
algorithms and complex models, each of
which has pros and cons. Based on
and multi-

features like sparsity
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resolution structure, wavelet application
offers a good parameter in the area of
image denoising. In order to meet the
need, wavelet transform has grown in
popularity over the last several decades.
As shown in papers and articles related
to picture denoising, many techniques
have been created in the wavelet domain.
The most effective techniques have been
assessed in this thesis while maintaining
the true qualities of the original
photographs so that they do not lose
their inherent heritage. Based on
comparisons of hybrid applications, their
effectiveness, wavelet dictionaries, and
picture  attributes, the  denoising
procedure has developed. Based on
comparison, a generic mathematical and
experimental  technique has been
developed that may be able to aid
current algorithms and methodologies
go over their limitations. On the basis of
mathematical regression analysis and
noise size, the denoising capabilities of

well-known approaches are contrasted.

2 Litreature Survey

The linear combination of identical
patches that are available in a redundant
dictionary may be expressed in terms of
each patch present within the image
database.

Value

K-clustering using Single
Decomposition (K-SVD),

Learning Simultaneous Sparse Coding
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(LSSC) and Clustering-based Sparse
Representation (CSR) strategies are
regarded as the top redundant dictionary
based methods for learning. K-SVD is a
method of seeking the most efficient
decomposition patch within the entire
image dictionary, and updating it using
input data. This is made easier using
clusters that use sparse decomposition.
The performance however, largely relies
on the dictionary being that is trained
offline using high-quality images. The
nonlocal grouping produces excellent
quality images.

In order to overcome this issue problem,
CSR is a solution. CSR method employs
a similar structure, reducing the
computational complexity substantially.
When compared to different techniques
of the present CSR techniques can
provide an image-denoising
performance that is competitive however,
the drawback is the high computational
duration and expense. De-An Huang et
al. have proposed a brand new method
for single-image denoising that is built
in Self Learning Image Decomposition.
It is primarily based on the observation
of dictionary atoms in the images. By
grouping dictionary atoms and image
components that are associated with
various contexts can be automatically
learned from the derived dictionary
atoms. This

process requires
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understanding of the nature of images,
or on the gathering of data from training
images. It aids in the identification of
images that are associated with
undesirable pattern of noise for an
effective image denoising.

Every research project or method is
weighed according to the method of
application, its  advantages  and
drawbacks. The survey of literature that
is used to develop this model provides
the advantages and disadvantages of this
model:

This algorithm, based on a model, is
able to produce satisfactory results in
denoising and, furthermore, through the
use of learned simultaneous sparse
coding It helps enhance its efficiency by
feature in

it's  clustering sparse

decompositions. x Dictionary based
models are more effective for images
with excessive noise (highly corrupted
photos) and are superior in terms of
visual performance over the quantifiable
results.

Functions that change between pixel and
pixel are beneficial in preserving the
finer aspects of an image compared to
models that are global. The drawback of
this approach is that the same patches
could differ in their sparse compositions
and its performance is heavily dependent

on the dictionary that was initially that

was trained offline using high-quality
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images as well as the non-local grouping
outcomes. This model is a burden on
computational resources since the
process is subject to multiple denoising
iterations because their dictionaries do
not have a structure. Furthermore, the
model focuses on the empirical evidence
of Image denoising processes at the
macro-level as well as their more subtle
inheritances of images' noises do not get
considered.

A review of the models above reveal
that they focus primarily on the
empirical evidence of Image Denoising.
They are considered to be at the micro
level and the more precise inheritances
of noises within images aren't addressed.
But, it is necessary to create a model that
takes into account the various noises that
are present within the image pixel. The
proposed method does not need any
additional image information which is
why Antoni Buades proposed a new
technique for removing noise, namely
the NLM algorithm, which is based
upon the non-local averaging of all
pixels within the image. One of the main
differences in the NLM algorithm in
comparison to the local filter or
frequencies domain filters is that it
makes systemic use of all the
possibilities of self-predictions of the
image. The NLM does not just compare

the grey levels in one single spot, but
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also the geometry of a complete area.
When comparing the NLM algorithm to
local smoothing filters by using a couple
of studies, it yields a clear results.

The main drawbacks to the algorithm is
that it's more difficult and requires a lot
of time. Mona Mahmoudi & Guillermo
Sapiro developed the method to use the
NLM of similar neighborhoods to speed
up video and image denoising. The
algorithm takes into consideration the
pertinent neighborhood pixels, and
replaces it with the mean of pixels. This
algorithm applies filters that have
similar neighbor pixels, based on gray
values as well as gradients, and
decreases the difficulty of a given pixels.
The large amount of identical pixels are
present in flat areas compared to
intricate parts. A tradeoff when it comes
to selecting the quantity of pixels with a
similar mean must be considered since
large blocks can slow denoising, even
though this results in faster denoising,
especially in flat regions of an image.
This algorithm leads to the loss of
precision when there are it is necessary
to increase the noise level in an the input
Sakshi

proposed the Fast Median Filter that

image. & Navneet Bawa
uses the Decision Based Switching Filter,
and Discrete Cosine Transform (DCT)
Compression.

3 Methodology
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RGB Conversion from RGB Grayscale
Conversion - The input color image
transforms to a grayscale version since
algorithms that work that work on
grayscale images take less time because
of their ease of use and reduced data.
The algorithm proposed takes a images
of color as the input and then converts it
into a the grayscale image to allow for

retrieval.

{ Database Image DBI(j) / Query Image Q(1j) ]

! l

RGB (o HSV conversion )

Figure 3.2 Proposed Methodology

Grayscale images are produced by

various shades of pixels, that are
represented in eight bits that ranges from
zero to 255, as opposed to a color image

that assigns a value of eight bits to every

green, red and blue planes independently.

In the same way, each plane is assigned
a unique value, ranging between 0 and
254.  Grayscale's advantage over
intensity images is that it reduces the
amount of data than a three-dimensional
images and takes up less memory .
Important information like the edges,
regions and the blobs of grayscale
images are not lost. Histogram

Equalization (HE) is an enhancement
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method of contrast within the imaging
processing in the spatial dimension by
using the histogram of the image (Rafael
Gonzalez C and Richard Woods

Histogram equalization improves the
overall contrast of an image processed.
This technique is beneficial when
images have a dark or bright hue. If both
background and foreground appear to be
dark or bright The HE algorithm
increases the contrast by changing the
intensity of images according to the
situation. Take the example of a discrete
grayscale input image I, with the LG's
discrete levels. The likelihood of the

occurrence of the intensity level rk

within digital images can be calculated

by

in which r represents the intensity of the
image to be processed. LG refers to the
possibility of gray levels within the
image. MN denotes the total amount of
pixels present in the image, and nk
refers to the amount of pixels that have
the level of intensity at rk. The image
that is processed through mapping each
pixel from the image that is input with
an intensity rk value to a image with a
level of sk the final image by using the

transform function.
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The transform function used that is
described in the equation (3.2) is known
as the

histogram equalization

transformation

Shape feature is a useful tool in a variety
of 1images and pattern matching
applications. The traditional methods for
recognizing patterns on images are
divided into edge-based as well as
region-based  techniques Image
retrieval that is based on shape consists
in determining the similarity of the
shapes that are represented by their
characteristics. Simple geometric
characteristics are used to define forms.
When an image is created the boundary
or border of an object can be defined as
a shape. The process of extracting the
shape characteristics include:

Calculate the Area, Eccentricity, Euler
number Perimeter, Centroid Convex
space, Orientation and Euler number
from each labeled area in the LM. These
basic geometric features are essential in
explaining the form. In this part, shape-
related characteristics used to describe
shapes and their specifics are discussed.
GSF creates an eight-dimensional
feature vector.

The geometrical features of the binary
image can be described according to the
following: Area The area in which

feature extraction takes place in the
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entire image. The term "area" refers to a
scalar which represents the amount of
pixels within the area i.e. is the count of
pixels that have intensity 1 in the image.
Eccentricity: Eccentricity refers to the
proportion of distance between the focal
points of an ellipse as well as the length
of its main axis. Eccentricity refers to
the measurement of the aspect ratio.
Euler Number Euler numbers describe
the relationship between the number of
adjacent parts as well as the amount of
holes in an object. It is calculated by the
total number of objects that are in the
space minus the amount of holes inside

these objects. Perimeter:

4 Experiment & Results

The concept of a quality image without
noise has been a problem for researchers
for many years because the presence of
noise in the process of acquisition and
transmission can affect the image quality.
Many algorithms

were  proposed

previously to determine the most
suitable technique. For the purpose of
selecting the most effective model one
must be aware of the background noise
in the image. Denoising models for
images have characteristics like
reduction of Intensity, Randomness Bias
as well as Edge Preservation and
Structure as well as Generality,

Reliability the Squared Image Error, and
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Signal Intensity Variable. The process of
denoising images there are two kinds of
models exist: Linear as well as Non
Linear.

Linear Noise model is a good choice.
Linear Noise model 1is beneficial
because of its speed, however, it has a
drawback in that it is unable to preserve
the edges of images efficiently because
imperfections in the image that are
blurred out. In contrast in the case of
low or medium levels of noise, the best
results can be seen using non-linear
filters, such as AMF (Adaptive Median
Filter), DBA  (Decision  Based
Algorithm), SMF (Standard Median
Filter) and REA (Robust Estimation
Algorithm) (Qianggiang Yuan et al.. In
the presence of high levels of noise they
perform poorly. filters can be sloppy,
whereas non-linear models are able to
preserve the edges more effectively as

compared to linear

Kambo & Versha Rani .

ones (Priyanka
Denoising
images by using a non-linear model

includes the use of a Total Variation

Filter, Gaussian Smoothing Model,
Anisotropic Diffusion Model,
Neighborhood Filter, Wiener Local

Empirical Filter and the Non-Local
Means filter (Wang Zhang and Zhang
1999). The current NLM model,
iteratively filter local image patches that

have self-similarity. The how many
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iterations can be adjusted in accordance
with local mean Square Error calculated

from images that are noisy.

\
= | peeitering Patch filter
Computation
DWT Optimal
Teration
w
X
eregation -

Figure 4.1 Proposed NLM-DBUTM
model
First, images that have a blurred

backgrounds are fed into the DWT. The
DWT generates images that have the
ability to localize spatially and
spectralally using the use of a non-
redundant representation, as opposed
with Laplacian Pyramid (multi scale
representation). In the process of
decomposition process with the DWT
that image transforms into four distinct
bands, which can be identified by the
names of LL1, LH1, HL1 and the HHI1.
The Wavelet employed in this research
is a Discrete Meyer filter with four
stages of decomposition. It is proven to
provide superior denoising performance
than other wavelets. LL1 is the primary

subband, which is created from both

directions with low-pass filtering.
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Figure4.5. Wavelet Thresholding-Based

Image Denoising

ROBUST HAGE DENCISING USING WAVELET TRANSFORM
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Figure 4.6: Robust Image Denoising Of

Leena Image.

The principal goal of the technique
suggested is to compress images with a
high  compression ratio  without
compromising the quality. This can help
reduce the amount of memory required
and also transmission costs. The use of
metaheuristics in the past proved to
provide a more solutions to the majority
of the combinatorial issues.
Metaheuristic's goal is to determine the

optimal value for a particular problem.
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As per research findings it is impossible
to find an algorithm for optimization
that is universally applicable that is
appropriate  for every optimization
problem. In e.g. the X algorithm is more
efficient for problems one and Y
algorithm performs better is better for
the second problem. In general, the

performance of an algorithm can be

enhanced by wusing the following
strategies:
1. Modification to optimization

algorithm The process of changing the

pattern for a particular algorithm
through studying the energy space used
in optimization problems

2. 2. Parallel Optimization: Combining
the ability to think of one algorithm and
another

3. Sequential hybridization: Performing
the an initial optimization algorithm, and
obtaining a results. Utilizing this as an
first step in implementing another
optimization algorithm to get more
efficient outcomes.

"Hybrid" means offspring of two distinct
species. There are times when we cannot
achieve satisfactory results using the
same algorithm. Therefore, we offer a
different method that we can exploit and
test to get better outcomes. Two
metaheuristic methods combine to meet
This
method proposes to mix PSO and ALO

the purpose of compression.
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by using a low-level evolutionary
mixing technique. In this case, both
methods can be used together in the final
algorithm, resulting in more efficient
members for the next generation that are
based on different values. The members'
exploration can be enhanced by using
PSO as well as ALO can be used to
boost speed of exploring of the search
area. The detailed hybrid approach
proposed can be easily seen in the this

flowchart

5 Conclusion

The picture that has been corrupted, as
well as the degree of corruption, is
determined by the kind of noise and its
variance levels; as the amount of noise
grows, the deformed images become
unusable. Various image restoration
approaches, particularly in the domains
of pattern recognition and medical
image analysis, have been presented to
restore the distorted picture to its
original form by removing noise. The
suggested Random-Forest-based noise
Prediction system can forecast the sort
of noise that is contaminating the
original picture.

As previously explained, the damaged

picture is sent through the noise removal

block to extract the highfrequency
components. Homogeneity, Energy,
Correlation, and Contrast are the
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different attributes recovered from the

noise removed image. The

characteristics of the picture are
extracted using the 2-DWT and GLCM
algorithms. These collected
characteristics are then passed into the
Random Forest Classifier, which
determines the kind of noise present.
The three assessment criteria utilized to
compare the proposed system to current
classifiers are accuracy, specificity, and
sensitivity. When compared to current
approaches, the suggested methodology
outperforms them by roughly 5% to

10%.
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