SJIF Rating: 8.659

ISSN: 2582-3930

Advanced Filtering Strategies for Image Denoising

Dr.Aziz Makandar !, Arfa Bhandari?

.2Department of Computer Science Karnataka State
Akkamahadevi Women’s University, Vijaypur,India

Arfaabhandari@gmail.com

Abstract----These days, visual statistics is an increasing
number of despatch-ed within the shape of digital pictures,
making the identity of noisy statistics is a common task in
lots of research and alertness domain names. Many noise
discount strategies had been advanced in the contemporary
era to get rid of noise while keeping image facts. The
assignment of eliminating noise from an unique picture
remains a hard one for researchers. The number one
cognizance of this examine is on picture denoising and
filtering. For performing a comparative exam of current
denoising strategies, along with linear and nonlinear
filters. salt, pepper noise, Gaussian noise, and speckle
noise are examples of various noise fashions. PSNR of
shade photos gives a amount degree of contrast.

Keywords-----picture denoising, linear and nonlinear filters,
Gaussian noise, salt and pepper noise, speckle noise.

1. INTRODUCTION

Undoubtedly, pictures are tarnished via noise at
some stage in acquisition, compression, and transmission
because of the effect of the environment, transmission
channel, and other variables, resulting in distortion and loss
of photograph facts. feasible following photograph processing
activities, including processing of videos, reading of
images, and monitoring, are harmed with the aid of the
presence of noise. As a result, denoising is crucial in state-
of-the-art photo processing systems. the principle objective
of picture denoising is to retrieve the proper photo via making
free noise photograph. but, duo to noise, part, and texture
taken into consideration as high-frequency components, it's
miles difficult to inform them aside at some point of the
denoising manner, and the filtered photographs will
sincerely lose some info. standard, retrieving relevant
information from noisy photographs all through the noise
removal technique to generate high quality photos is a main
venture currently [1]. A regularly increasing for both of the
instrumentation and size sectors on image statistics as
multimedia and communique technologies have grown in
popularity. photos include size facts that is beneficial in a
huge range of have a look at and alertness fields, including
far off sensing, astronomy, biology, medical sciences,
materials science, and so on. anyhow, developing
equipment and processes to improve the satisfactory of
image statistics is critical. however, enhancing noisy
pictures is not a simple procedure. The filtering feature
should be able to tell the difference among undesired noise
that needs to be removed and visual info that need to be
stronger [2]. Binary, grey-scale, and colour photos are many
of the most often-used photograph kinds. Binary
photographs are the most basic image sorts, with only

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM66360 |

discrete values: black and white. The fee ‘0' represents
black, whilst ‘1' represents white. a grey-scale photo is
normally used to construct a binary image. A binary picture
is useful in computer imaginative and prescient programs
wherein the picture's trendy shape or outline is required.
they are also called one-bit/pixel pics. Monochrome or one-
colour photographs are gray-scale photos. The pics utilized
in this thesis for experimentation are all gray-scale pics.
they are without any shade data. They constitute the photo's
brightness. because this picture has eight bits consistent
with pixel, it is able to attain to 256 (zero-255) unique
brightness levels. A ‘0' symbolizes black, while a ‘255'
denotes white. The a couple of gray stages are represented
through values ranging from 1 to 254. depth pictures are
once in a while referred to as depth snap shots because they
bring intensity records [3]. shade snap shots are three-band
monochrome pics with every band representing a distinct
colour. each band provides the brightness facts for every
spectral band. purple, inexperienced, and blue pics,
generally known as RGB snap shots, are not unusual
coloration pictures. This image has a bit depth of 24 bits in
line with pixel[4]. negative exponential noise, Rayleigh
noise, Gaussian noise, salt and pepper noise, Poisson noise,
and speckle noise are all commonplace noise fashions.
The rest of the text is dependent within the identical way.
The image noises are defined in section II. In section III
image filtering strategies.In section IV Methodolgy.A
simulation test is defined in segment V. overall

performance estimation is discussed in section VI. Our
findings are eventually summarized in section VIIL

ILIMAGE NOISES

The performance of an photo sensor is inspired by quite
a number of factors, which includes the surroundings at
some point of picture acquisition and the pleasant of the
sensing element itself. Ambient occasions may have an
impact on imaging sensors [5]. for the duration of
transmission, interference can be introduced to an photo. in
the course of transmission, snap shots can be damaged due
to interference inside the channel resulting from phenomena
consisting of lightning or meteorological disturbances.
image denoising will be described mathematically [6] as
follows:

Y1=xI +nl (1)

in which Y1 denotes the found noisy picture, x1 denotes
the unknown smooth picture, and nl denotes additive white
Gaussian noise (AWGN) with general deviation n, that
would be predicted in practical packages by way of the use
of a diffusion of strategies together with: block-based
totally estimation, median absolute deviation and principle
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aspect analysis-based strategies. the main goal of noise
reduction is to lessen noise in herbal snap shots even as
retaining original functions and increasing signal-to-noise
ratio [1]. The number one troubles in image are:

* The Flat surfaces must be smooth.
* protective the rims with out being blurred.
« whilst keeping the textures.

We cannot derive the particular answer from the picture
version with noise for the reason that solving the smooth
photo x from Eq. (1) is an ill-posed problem. Over the
previous couple of years, in terms of photograph processing
filed, photo denoising has been notably researched for you
to produce a good estimation picture x [7]. In fashionable,
image denoising techniques can be divided into 3 classes:

A.Gaussian noise

That's defined as noise with a PDF equal to the
ordinary distribution, this is why called the Gaussian
distribution. Additive white Gaussian noise is the
maximum common name for Gaussian noise. The noise
having a Gaussian amplitude distribution is correctly
described as Gaussian noise [8]. A Gaussian random
variable z is chance density feature p is given through:

p(z) = \frac{1} {\sqrt{2\pi}} \exp\left(-
\frac{z"{2}} {2} \right 2

wherein, z1 represents the gray level, pul the imply cost
and ol the standard deviation. every pixel of an image
modifications via a touch amount from its authentic value in
Gaussian noise. This form of noise is nicely-represented by
means of the Gaussian (everyday) distribution. The
principal restrict theorem states that the sum of many
sounds tends to approximate a Gaussian distribution[9].

B.Salt and pepper noise

The fixed-fee and random-price varieties of
impulse noise distributions are the maximum not unusual.
In impulse noise with a fixed price, a noise pixel takes either
a max fee of 255 or a min cost of zero. some other call for
impulse noise is salt and pepper noise.

In salt and peppers noise, the noise importance is
similarly distributed inside the variety [0,255]. The salt and
pepper noise filters have been proposed inside the courses
as a method to the impulse noise of fixed pixels. no matter
whether or not they're for a salt and pepper noise price or
severa noises, the above filters outweigh any other impulse
noise filters. As a result, the focus of this work is only on
the random price salt and pepper noise [10].

In salt and pepper noise, the depth of pixels inside the
picture differs greatly from that of surrounding pixels. The
shade of a loud pixel has no bearing on the color of close
by pixels. There are dark and white dots in it. This noise is
caused by the life of dust in the camera and overheated or
malfunctioning CCD elements [9].

C.Speckle noise

Is a multiplicative noise kind. Any distribution is extended
by means of each pixel in the image because of this.
Ultrasounds, lasers, and sonar images are all affected.
artificial Aperture Radar (SAR) pix are frequently seriously
degraded by this noise. Random fluctuations in the signal
from an element smaller than a single photo processing

aspect cause the majority of the noise. regular processing of
back scattered indicators from a diffusion of disbursed
objectives is also responsible. The photograph's mean gray
level may also be raised due to the noise. This noise makes
it difficult to comprehend the image [11]. Texture is
another call for it. The generalized speckle version is
expressed as,

G1l(n,m) =fl(n,m) * ul(n,m) + £1(n,m) 3)

where G1(n,m) is the determined picture, ul(n,m) is the
multiplicative component of the speckle noise, and 1(n,m)
is the additive factor [12].

I11. IMAGE FILTERING TECHNIQUES
Primarily based on spatial filtering strategies, there are
primary methods to image denoising:

A.Linear filtering

There are styles of linear filters, commonly referred to as
average filters mean filters and wiener filters. Sharp edges
are blurred, lines and other fine image data are lost, and
linear filters perform poorly inside the presence of signal-
established noise [13].

* mean filter

The community average approach is the primary
approach of the suggesy filter out, often called the linear
filter out. The number one premise of linear filtering is to
apply mean values for changing the pixel values of the
original picture. this is, we have to pick out a template for
the present day pixel (x,y) that is made of a number of
pixels from its neighbor. The values of suggest for all
pixels will be determined, at the same time as the gray
gl(x,y) on the points on the manner picture can be used to
represent the imply values for the present day pixel (x,y).
This translates to [16]:

x,y)=1M1 Zf(x,y)fesl “)

where s1 denotes the template, and M1 is represnting the
overall number of pixels within the template, such as the
cutting-edge pixel. To reduce granular noise from a
scanning photograph, apply a median filter the use of the
community common approach. The noise is correctly
suppressed the use of the community average technique.
however, surroundings side factors might be processed as
part of the average value calculation. The picture could
then be in a low-decision form. primarily based on this
situation, a better set of rules for understanding various
mean filters is proposed, and new imply filters, including k
nearest neighbor imply clear out, gray minimum variance
mean clear out, weighted suggest filter, symmetric
neighbor suggest filter, and so on, can be produced.

B.Non-linear filter

Low bypass filtering is used on agencies of pixels
in spatial filters, with the basis that noise occupies the
higher frequency vicinity of the spectrum. In wellknown,
spatial filters lessen noise to a huge level, but then again
will increaese the blurring of pix, which renders photograph
edges invisible. a number of nonlinear filters have been
created within the last yr. The median clear out is the
maximum simple nonlinear filter out [17]. Noise is reduced
using non-linear filters with out the want to explicitly
become aware of it. The median of the neighboring pixels,
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as opposed to the suggest, determines the value of an
output pixel in this situation [18].

» Median filter

The main benefit of using an average filter to
preserve edges whilst decreasing noise. in this clear out,
each pixel within the picture will be replaced with the median
of adjecent pixels for each pixel this is being evaluated. The
input picture is subjected to a median filter, which is a
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nonlinear virtual filtering method. it is a pre-processing
approach that improves the picture and prepares it for
similarly processing. The window is the sample of pals that
actions pixel via pixel over the complete picture. The median
may be derived by sorting all the pixel values in the window
into numerical order, then replacing the respective pixel with
the middle (median) pixel value. permit's fake that the
image pixels inside the window are M1,M2,M3,M4,M5
[14]. To get the median, the first step is to rank the objects
to be able to achieve the taken care of listing supplied via:

ranking {M3,M1,M4, M2 M5} given M3<M1<M4<M2<M5

Figure 1: Image denoising
Then Median =M4.

as it takes place within the center of the taken care of
pixels, we are able to decide that the median is M4. the
usage of an average filter de-noises the enter image,
making it appropriate for segmentation and function
extraction modules [15]. A nonlinear filtering approach is
median filtering. The median filter out has the advantage of
being simple to use and fast, as well as having top
performance in filtering out both of lengthy tail noise and
white noise and. but, median filtering ought to no longer be
used for positive greater details, especially for a factor,
line, or multi-spire photo. The median clear out has

numerous enhanced algorithms, which include
switching median clear out set of rules based on threshold,
weighted median clear out, and adaptive median filter, to
increase the scope of its utility. The weighted median filter
out adjusts the warfare among noise reduction and detail
maintenance by means of assigning various weights to
pixels in the window. however, whilst as compared to a
standard filter out, the approach achieves better element
protection at the rate of noise suppression. The algorithm of
switching median filter out might be deployed based totally
on threshold and could gain a better impact for the noise
factor and flat region by way of the usage of the median filter
out. For offering an excellent safety effect, this set of rules
does not take care of information. it is able to be used to
deal impulsive noise of high chance by means of using an
adaptive median clear out. whilst it's miles processing, the
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neighborhood place it is in can be changed relying at the
state of affairs. Its advantage is that it saves info whilst
processing easy non-impulse noise [16].

IV.METHODOLGY

Following figure(l) indicates adding noise i.e
Gaussian,Salt pepper and Speckle noise to original image
and denoising it using mean and median filters andfigure
(2) indicates the work carried out regarding the filtering of
image using Bilateral. mean,median and Gaussian filter.

Figure 2: Image Filtering

Tablel: 1Analysis of different filter techniques

SI | Filtering Filter Advantag | Disadvant
Technique | Type es ages

N

o.

1 Gaussian & | Linear | One ofthe | Edges are
Adaptive smooths carliest and | either
Gaussian ing fast blurred or
Filter[16] filter denoising disappeare

processes. | d resulting
in poor
contrast.
Applicable
only when
noise

variance is

known.
2 | Median Non- Simple to May
Filter[4] linear use and reform
filter has better noisy
edge- pixels as
preserving | well as
capabilities | clean
than linear | pixels due
filters. to uniform
application
across the
image.
3 Wiener Linear | Removes Cannot
Filter[5] filter additive reconstruct
noise while | frequency
also component
inverting s that have
blurring. been
Optimal in | degraded
terms of by noise.
mean
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V.SIMULATION EXPERIMENT

The simulation experiments are performed on a
classical computer with an Intel(R) core ™ i3-6006U CPU
@ 2.00GHz ,Intel{R) HD Graphics 520,12.00GB RAM,
64-bit Windows 10 operating system, and ANACONDA -
3 to compare the results from the original median filtering
technique and optimum median filter [19]. The well-
known ‘‘example image ’’ picture has been taken as the
benchmark image with (10%, 20%, 30%) value of noise.
example image ’’ is colored image, with 750x913 size,
results of the comparative experiment are shown as (Fig.

7)
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Following figure6 indicates processing of various filters to
the authentic Image.

2[00 »
olo]ol2

ve [ ddas
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Figure 6: Processing of different filters to original image

VIL.LPERFORMANCE ESTIMATION

The visual influence of the subjective or the method of
estimating the purpose may estimate the effect of the noise
reduction from image. The work takes the mean absolute
error (MAE) and the mean square error (MSE) between
the denoised image Z(k,l) with the rows and columns is Q
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x R and the original image M(k,]) with the rows and
columns is Q x R, at which k=1,2,3,..... Q and I=1,2,3,....
R , The performance estimation index was chosen. The
definition of PSNR [20]:

PSNR=20 log10(255VMSE) (5)

Metrics used as performance parameters MSE, PSNR, are
quantitative and qualitative check the
performance of image denoising methods . In addition to the
denoising effect, edge and texture preservation is important to
the evaluation of the denoising method . MSE is calculated
using following eqn. Where, I1=original image, 12=denoised
image, m=height and n=width of the image.

measures  to

MSE = (1 /M x N)) £ {m=0}"{M-1} £ {n=0}"{N-1} (
I1(m,n) - 12(m,n) )2 6)

We present the data of three noises experimentations in
Fig. 7. The results of the experiment demonstrate that
PSNR variables and graph (from (Fig. 1, Fig. 2, and Fig. 3))
we analyze implementing the median filter based on salt and
pepper and Gaussian noises in this work is better than the
mean filter technique but mean filter is better with speckle
noise. The better method has significant advantages,
especially at high peak-signal-to-noise criteria.

m 0N = 20N = 30X

L]

Medhar

{8) PSNR of Speckie Nowe

| ﬂ ﬂ
Notw WMew Medis

50N WO% =N

{b) PSNR of Gaussian Noise

i

None
mI0% =N = 30N

{c) PSNR of Gaussaan Nose

Figure 7: PSNR of different noises
VIL.RESULTS AND DISCUSSION

The ability of various image filtering methods was tested by
introducing the original benchmark image to different forms
of noise including Gaussian noise, Salt-and-Pepper noise and
Speckle noise. Several filters such as Mean filter, Median
filter, Gaussian filter and Bilateral filter helped in filtering the
loud images. Objective performance measures of the denoised
images are Peak Signal- to-Noise Ratio (PSNR) and Mean
Square error (MSE).

With Salt-and-Pepper noise, the Mean filter was not able to
contribute to it as much compared to the Median filter. Thus,
the PSNR values obtained with the means of Median filter
were greater than those with Mean filter.

Images produced by the Gaussian noise, the Median filter
again was observed to be in a better position to provide a
better PSNR performance over the Mean filter.
Comparatively, Median filter is less noise and more
preservative of the edges resulting in high signal-noise ratios.

In Speckle noise, Mean filter was found to be comparatively
better when compared to the Median filter.

The PSNR plots of the experiment show that the PSNR value
reduces with increase in noise density between 10 and 30
percent which show a deterioration in the image quality with a
rise in the density of noise. However, the Median filter always
maintained higher PSNR value to both impulse and Gaussian
noise conditions.

Moreover, comparison of various filters including Gaussian,
Mean, Median, and Bilateral filters shows that nonlinear
filters are better in preserving edges. Median filter was found
to have a good adjustment between removing noise and
preserving detail, and the Bilateral filter also preserved edges,
although artifacts were also produced in certain instances.

On the whole, the experimental data proves that the type of
filter varies depending on the noise that is used in the image.
Median filter is more appropriate with impulse noise whereas
Mean filter may be more appropriate with multiplicative noise
like speckle.

Table 2: Varying Noise levels

10%No | 20%No | 30%Nois
Filter ise ise e
Noise
Image 30 30.2 30.4
mean
Filter 28 28 28.1
Median
Filter 30 30.1 30.3
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Figure 8 :comparision of PSNR values for different
filtering techniques under varying noise levels

Noise Image: Baseline PSNR = 30 dB, MSE grows as a result
of noise.

Following results are noticed:

Mean Filter: decreases MSE but decreases PSNR more
visibly.

Median Filter: Optimal balance -Maintains PSNR similar to
the noisy image and reduces MSE.

Gaussian Filter: The filter is very aggressive in the sense that
it reduces PSNR but moderately reduces MSE.

Bilateral Filter: Good noise reduction (minimum MSE) at the
expense of PSNR.

VIII.CONCLUSION

In this paper, two forms of images that have been restored
successfully via simple filtering techniques to recover the
images that are contaminated by noise. The entire process of
denoised image has been incorporated in ANACONDA-3.
Besides denoising of the images, comparison of filtering
techniques has also been done. The signal to noise ratios of the
denoised images through these techniques have been compared
in order to compare the effectiveness of these techniques. As it
is seen, median filter outperforms the mean filter in impulsive
and Gaussian noise and vice versa.
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