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Abstract:

Various kinds of noise are introduced into digital images during various processes such as
image acquisition, compression, storing, retrieval and transmission. Consequently it is utmost
necessary to employ noise removal technique in the first stage of various image processing systems.
Random fluctuations in intensity, variations in illumination, or inadequate lighting can further
degrade the image. Furthermore, noise must be eliminated to improve the accuracy and precision of
image processing applications. An effective noise removal technique for each noise is required that
exhibits simplicity, less computational complexity and effective noise removal. In this paper, noise
removal techniques for Salt and Pepper, Speckle, Gaussian and Poisons noise are presented. It was
observed that median filter is efficient in removing Salt and Pepper, Speckle, Gaussian and Poisons
noise. An effective noise removal technique for each noise is demonstrated and comparative
analysis is presented for better selection of filtering technique for accentuating image processing

applications.
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1. Introduction

Mobile and internet technology
advancements facilitated image acquisition,
transmission, and sharing, as well as real-time
video streaming, video calls, and
conferencing. [1-3]. Many mobile devices
have built-in cameras for image/video
acquisition as well as communication
technologies for transmission/reception, but
different types of noise, such as Salt and
Pepper, Speckle, Gaussian, and Poisons noise,
have an impact on image quality’s [4-6].
Random variations in intensity, variations in
illumination, or insufficient lighting can all
degrade the image further. An effective noise
removal technique for each noise is required
that exhibits simplicity, less computational
complexity and effective noise removal [7 —
9].. Digital filters are used in images to
suppress either high frequencies (levelling out
the image) or lower  frequencies
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(sharpening/edge  detection).  Non-linear
digital filters behave very differently than
linear digital filters.. The output response of
non-linear filters does not act in accordance
with the scaling or shift in variance principles.

There are different methodologies are
suggested by different filters for eliminating
to high density noise. The use of weighted
mean filtering and fuzzy logic [10], “impulse
noise removal method based on non-uniform
sampling & supervised piece wise auto
regressive modelling” [11], “vector filter
based on geometric information” [12], mean
filter based on morphological image
processing [13], “local mean and variance” to
detect noisy pixels [14] and Newton-Thiele
filter for removal of salt and pepper noise
have been demonstrated. All these
techniques suggest that median filter is not
able to remove high density salt and pepper
noise [15] —[17].
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In this paper, various types of noise
are introduced into digital images during
image acquisition, storage, compression,
transmission, and retrieval. As a result it is
utmost necessary to employ noise removal
technique in the first stage of various image
processing systems. Furthermore, noise must
be drawn out to improve the precision and
accuracy of image.In this paper, noise removal
techniques for Salt and Pepper, Speckle,
Gaussian and Poisons noise are presented. An
effective noise removal technique for each
noise is demonstrated, and a comparative
2.1 Salt and Pepper Noise

piz)

P,

analysis is presented for better filtering
technique selection for image processing
applications.
2. Related Work

Many factors contribute to noise in an
image during the image transmission or
accession process. It is determined by the
type of disruption [18].0ur goal is to get rid of
noise.This section, we discussed various kinds
of noise and how to eliminate it using various
filter algorithms. There are various types of
noise present in an image, including:

b g

Fig. 1. The PDF of Salt and Pepper noise

Salt and pepper noise is an impulse noise
caused by data transmission errors.lt occurred
as a result of an unexpected variation in
image signal sharpness [19]. The noisy pixels
in images that have been altered by salt and
pepper noise can only occupy the minimum
and maximum values in the dynamic range. In
an 8-bit, the value for salt noise is 255 and for
pepper noise is 0 its probability distribution
function (pdf) is shown in fig. 1 and depicted
using equation (1). Salt and pepper noise
arises due to break down of pixel component
in camera sensor, faulty memory location or
timing errors in digitization process [20 - 21].
Paforz=a
P(z)= bforz=>b (1)
0 otRerwise
2.2 Speckle Noise
Speckle noise is often known as multiplicative
noise. Coherent imaging systems, such as
laser, radar, and acoustics, exhibit this kind of
noise [22].Speckle noise is similar as Gaussian
noise. Its PDF follows gamma distribution [23 -
25] depicted using equation (2).

w1,
F(g) = goc_w

(2)
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2.3 Gaussian Noise

Gaussian noise is typically found in amplifiers
or detectors, so it is referred to as electronic
noise. It also occurs as a result of natural
sources such as atomic thermal variations and
the discrete nature of warm object radiation
[26] Gaussian noise is evenly distributed
across a signal this means that in a noisy
image, each pixel is the sum of the true pixel
value and some random Gaussian distributed
noise value, as represented by equation (3).
Principle of Gaussian noise in digital image
occurs during acquisition.

P(2) = = e~ (mw?/2

TX
(3)

2.4 Poisson Noise

Though the nature of noise is arbitrary, it has
a specific distribution. The major source of
Poisson noise is assembly of photons at the
receiver side in a arbitrary way. This noise acts
in accordance with the Poisson distribution,
which is defined by the equation (4) and its
nature is shown in fig 2 [27].

www.neuroquantology.com

8290


http://www.neuroquantology.com/

NeuroQuantology|July2022 |Volume20|Issue8| Page 8289-8297|doi:10.14704/nq.2022.20.8.NQ44852
Amey Magarde et al/ NOISE REMOVAL TECHNIQUES FOR DIGITAL IMAGE PROCESSING

1] S SR -

(1

" m

Fig. 2.Behaviour of Poisson Distribution at different values of A
k
(k: ) =P(X =k) = %e"l ik =0,1,2,3, .00 (4)
Where A= E(X) = Var(X),e- The base of natural logarithmic function and k - the number of success we

are concerned in.

3. Types of Digital filters used for removal of
noise

3.1 Mean filter or Averaging filter

The mean (or averaging) filter replaces each
pixel with the mean of the values in its
immediate neighbourhood. The largeness of
the neighbourhood supervises the amount to
be filtered. In spatial averaging operation,
each pixel is substituted by a mean (average)
of its neighbourhood pixels. The low-pass
filter preserves the smooth region in the
image and it removes the sharp variations
leading to blurring effects [28].

Limitations of averaging filter:

1. As a result of averaging operations,
the image becomes blurry.
2. Blurring effects feature localization.

3. A single pixel with a relatively
irregular value can influence the
pixel's mean value.

4, When the averaging operation is
applied to an image that has been
altered by impulse noise, the impulse
noise is weakened and dispersed but
not eliminated.

3.2 Gaussian filter

Another type of smoothening filter is

Gaussian filter. By use of Gaussian function its

weights are determined by the form of a

Gaussian kernel. Gaussian smoothing is a type

of averaging with a 2D Gaussian kernel. [29].

3.3 Median Filter

Median filters are non-linear statistical filters

that are commonly used in the spatial

domain. A median filter smoothes the image
by using the median of the neighbourhoods.

To find each pixel value in the processed

MSE = — 33 |If () — gG@ DI
Where
eISSN1303-5150

(5)

image, the median filter

following operations [30].

1. All pixels found by the mask in the
vicinity of pixels in the primary image
are stored in ascending/descending
order.

2. The median of the sorted values is
calculated and chosen as the
processed image's pixel value.

3.4Bilateral Filter

A Bilateral filter could be a non-linear filter

that has the ability of protective the sting. The

potency of each constituent is replaced by a

weighted average of intensity values from

nearby pixels. [31].

4. Experimental Results

Experiment has performed to determine the

most effective filter algorithm i.e. It was

determined which filter removes noise more
effectively than other algorithms on various
images. Enhancing an image or improving its
quality can be subjective i.e. as per the
applications of user there may be variation
which algorithm provides better image
quality. It is paramount to develop a
guantitative measure that compares image
quality. Different algorithms can be compared
using the same sets of test images to
determine which algorithm produces the best
results. The higher the PSNR value, the better
the image quality. Thus it is necessary to
calculate PSNR and MSE in order to determine
the quality of the image. Mean Square error

(MSE) is used to measure the average square

of errors between the corrupted image and

the original image. MSE is expressed as in

equation (5)

performs the
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g - the matrix of corrupted image,

f- the matrix of original image,

m- no. of rows of pixels of the image

i - index of that row,

n - no. of columns of pixel of the image,

j - index of that column.

Peak Signal to Noise Ratio (PSNR) is defined as the ratio of the maximum possible signal value to the
power of distorting noise that affects image quality. PSNR is expressed as in equation (6)

PSNR = 20logy, (222L) (6)
We can deduce from the above equation that PSNR is directly proportional to image quality. Here
MAXf is the maximum signal value that exists in our original image.

4.1 Experiment 1

We have added salt and pepper noise in an image and the result obtained is as shown in fig 3 and fig.

4 respectively.The calculated value of PSNR and MSE is shown in table 1 below.

8292

Median filter Bilateral filter

Fig. 4. Images after applying different filter algorithm
Table 1. PSNR and MSE for different filter algorithm

Filter Algorithm PSNR (dB) MSE

Averaging filter 33.84 27.05
Gaussian filter 34.74 21.96
Median filter 35.51 18.17
Bilateral filter 33.84 27.05

From Table 1 it is comprehended that the value of PSNR is the highest for Median filter and the
value of MSE is the lowest for Median filter. Hence it is concluded that Median filter is the best filter
algorithm for removing salt and pepper noise.

4.2 Experiment 2
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Fig. 5. Lena image original and corrupted by From Table 2 it is seen that the value of PSNR

Gaussian noise is the highest for Median filter and value of

Further we have added Gaussian noise in an MSE is the lowest for Median filter. Hence it is

image and the result obtained is as shown if concluded that Median filter is the best filter
fig 5and 6 respectively. The calculated value algorithm for removing Gaussian noise.

of PSNR and MSE is shown in table 2 below.
Table 2. PSNR and MSE for different filter algorithm

FilterAlgorithm PSNR(dB) MSE

Averaging filter 32.21 39.32
Gaussian filter 32.96 33.15
Median filter 34.58 22.82
Bilateral filter 32.21 39.32

8293

Median filter Bllateral filter

Fig. 6. Images after applying different filter algorithm
4.3 Experiment 3
We have added Poisson noise in an image and the result obtained is as shown if fig 7 and 8
respectively. The calculated value of PSNR and MSE is shown in table 3 below.
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Fig. 7. Lena image original and corrupted by Poisson noise
From Table 3 it is seen that the value of PSNR is the highest for Median filter and value of MSE is the
lowest for Median filter. Hence it is concluded that Median filter is the best filter algorithm for
removing Poisson noise.

Table 3. PSNR and MSE for different filter algorithm
FilterAlgorithm PSNR (dB) MSE
Averaging filter 43.52 2.91
Gaussian filter 46.46 1.48
Median filter 51.55 0.48
Bilateral filter 43.52 2.91
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Medlan filter Bllateral filter

Fig. 8. Images after applying different filter algorithm

4.4 Experiment 4
We have added Speckle noise in an image and the result obtained is as shown if fig 9 and 10

respectively.

Fig. 9. Lena image original and corrupted by Speckle noise
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Median filter

Gausslan filter

Bilateral filter

Fig. 10. Images after applying different filter algorithm

From Table 4 it is seen that the value of PSNR
is the highest for Median filter and value of
MSE is the lowest for Median filter. Hence it is
concluded that Median filter is the best filter
algorithm for removing Speckle noise. An
effective noise removal technique for each

noise is demonstrated and comparative
analysis is presented for better selection of
filtering technique for accentuating image
processing applications. It was observed that
median filter is efficient in removing Salt and
Pepper, Speckle, Gaussian and Poisons noise.

Table 4. PSNR and MSE for different filter algorithm

Filter Algorithm PSNR (dB) MSE
Averaging filter 34.75 21.92
Gaussian filter 35.51 18.40
Median filter 37.16 12.58
Bilateral filter 34.75 21.92
5. Conclusion median filter. Further various algorithms on

In this paper, noise removal techniques for
Salt and Pepper, Speckle, Gaussian and
Poisons noise are presented. The image is
also corrupted by random variations in
intensity, variations in illumination or poor
distinction. An effective noise removal
technique for each noise is demonstrated and
comparative analysis is presented for better
selection of filtering technique for
accentuating image processing applications.
It was observed that median filter is efficient
in removing Salt and Pepper, Speckle,
Gaussian and Poisons noise. Although the
values of PSNR are for median, Gaussian and
bilateral filter are within + 10%, but the
simplicity, low computational complexity and
high speed are the important advantages of
€ISSN1303-5150

@

application of median filter to
accuracy can be addressed.
References
[1] Pavel A. Lyakhov, Anzor R. Orazaev
,Nikolay |. Chervyakov , Dmitrii I. Kaplun. “A
New Method for Adaptive Median Filtering
of Images” 2019 IEEE Conference of Russian
Young Researchers in Electrical and Electronic

improve

Engineering (EIConRus), pp. 1197
—1201, (2019).

[2] R.C. Gonzalez, S.L. Eddins, and R.E.
Woods, Digital Image Processing using
MATLAB,  Morphological  reconstruction.

MathWorks, (2010).

[3] Sujaya Kumar Sathua, Arabinda Dash,

AishwaryaraniBehera “Removal of Salt and
Pepper noise from Gray-Scale and Color

www.neuroquantology.com

8295


http://www.neuroquantology.com/

NeuroQuantology|July2022 |Volume20|Issue8| Page 8289-8297|doi:10.14704/nq.2022.20.8.NQ44852
Amey Magarde et al/ NOISE REMOVAL TECHNIQUES FOR DIGITAL IMAGE PROCESSING

Images: An Adaptive Approach” International
Journal of Computer Science Trends and
Technology (IJCST) — Volume 5
Issue 1, Jan — Feb 2017 pp 117-126, (2017).
[4] R. Manduchi (2017) “Bilateral filtering
for gray and color images” second ed.,
Cambridge university press, (2017)
[5] SukhjinderKaur “Nose Types and
Various Removal Techniques” International
Journal of Advanced Research in
Electronics and Communication Engineering
(IJARECE) Volume 4, Issue 2, Feburary 2015 pp
226-230, (2015).
[6] Joshi, A., Boyat, A. and Joshi, B. K.
(2014) “Impact of Wavelet Transform and
Median Filtering on removal of Salt and

Pepper noise in Digital Images,” 2014
International Conference on Issues and
Challenges in Intelligent Computing

Techniques (ICICT) pp 838-843, (2014).

[7] Gupta, V., Gandhi, D.K., Yadav, P.,

,Removal of fixed value impulse noise using
improved mean filter for image

enhancement". IEEE International Conference

on Engineering,Nirma University,

Ahmedabad, India, (2012).

[8] Aiswarya, K., Jayaraj, V., Ebenezer, D.,

»A new and efficient algorithm for the

removal of high density salt and pepper noise

in  images and videos". Second IEEE
International Con-ference on Computer
Modeling and Simulation, Sanya, Hainan,

China, pp. 409-413, (2010).

[9] H. Talebi and P. Milanfar, "Global
image denoising", |EEE Trans. Image
Processing, 23 (2), pp.755 -768, (2014).

[10] Wang, Y., Wang, J., Song, X, et al.,
,An efficient adaptive fuzzy switching
weighted mean filter for salt-and-

pepper noise removal“, IEEE Signal Processing
Letters, 23 (11), pp. 1582—-1586. (2016).

[11] Chaitanya, N.K., Sreenivasulu, P.:
,Removal of salt and pepper noise using

advanced mod-ified decision based
unsymmetric trimmed median filter, IEEE
International Conference on Electronics

Communication Systems, Coimbatore, India,

(2014).

[12] Wang, X., Shi, G., Zhang, P., et al.:

,High quality impulse noise removal via non-
uniform sampling and autoregressive

elSSN1303-5150

@

modelling based super-resolution®, IET Image
Processing, 10 (4), pp. 304-313, (2016).
[13] Bai, T., Tan, J., ,Automatic detection
and removal of high-density impulse noises",
IET Image Process., 9 (2), pp. 162-172, (2015).
[14] Roig, B., Estruch, V.D., ,Llocalised
rank-ordered differences vector filter for
suppression of high-density impulse noise in
colour images", IET Image Processing, 10 (1),
pp. 24-33, (2016).
[15] Kumar, R.R., Vasanth, K., Rajesh, V.:
»Performance of the decision based algorithm
for the removal of unequal probability salt
and pepper noise in images". IEEE Int. Conf.
Cir-cuit Power and Computing Technologies,
Nagercoil, India, pp. 1360-1365, (2014).
[16] Dash, A., Sathua, S.K.: ,High density
noise removal by using cascading algorithms".
IEEE Fifth Int. Conf. Advanced Computing &
Communication Technologies, Haryana, India,
pp. 96-101, (2015).
[17] Lin, P.H., Chen, B.H., Cheng, F.C, et
al.: ,A morphological mean filter for impulse
noise removal", J. Display Tech., 12, (4), pp.
344-350, (2016)
[18] Ajay Kumar Boyat and Brijendra
Kumar Joshi “A Review Paper: Noise Models in
Digital Image Processing” Signal & Image
Processing: An International Journal (SIP1)
Vol.6, No.2, April 2015 pp 63-75, (2015).
[19] Boyat, A. and Joshi, B. K. (2013)
“Image Denoising using Wavelet Transform
and Median  Filtering” |EEE  Nirma
University Internati.onal Conference on
Engineering Ahemdabad, (2013).

[20] R.H. Chan, C. Hu, and M. Nikolova,
“An iterative procedure for removing
Random- valued impulse noise” IEEE

Signal Process, Lett, vol. 11, no. 12, pp .921
924, (2004).
[21] K.S. Srinivasan and D. Ebenezer, “A

New Fast and Efficient Decision Based
Algorithm for Removal of High-Density
Impulse Noises,” IEEE signal processing

letters, vol. 14, no. 3, (2007).

[22] Benzarti F. &Amiri H., (2013) “Speckle
Noise Reduction in Medical Ultrasound
Images,” Signal, |Image and Pattern

Recognition Laboratory, Engineering School of
Tunis (ENIT), (2013).

www.neuroquantology.com

8296


http://www.neuroquantology.com/

NeuroQuantology|July2022 |Volume20|Issue8| Page 8289-8297|doi:10.14704/nq.2022.20.8.NQ44852
Amey Magarde et al/ NOISE REMOVAL TECHNIQUES FOR DIGITAL IMAGE PROCESSING

[23] GursharanKaur, Rakesh Kumar,
KamaljeetKainth “A Review Paper on Different
Noise Types and Digital Image Processing”
International Journal of Advanced Research in
Computer Science and Software Engineering,
Volume 6, Issue 6, pp 562-565, (2016)
[24] T. Guri, “A novel approach to remove
random-valued impulse noise from digital
image” 2016 Twenty Second National
Conference, IEEE Press, India, 1-6, (2016).
[25] A. Fabijariska and D. Sankowski,
“Noise adaptive switching median based filter
for impulse noise removal from extremely
corrupted images,” IET image processing, vol.
5, no. 5, pp. 472-480, (2011).
[26] BhawnaDhruv ; Neetu Mittal ;
MeghaModi “Analysis of different filters for
noise reduction in images” 2017 Recent
Developments in Control, Automation &
Power Engineering (RDCAPE), (2017)
[27] Ginu George ; Rinoy Mathew
Oommen ; Shani Shelly ; Stephie Sara
Philipose ; Ann Mary Varghese “A Survey on
Various Median Filtering Techniques For
Removal of Impulse Noise From Digital Image”
2018 Conference on Emerging Devices and
Smart Systems (ICEDSS) pp 235-237,
(2018).
[28] Harsh C. Trivedi, UshaNilkanthan
“Development of Salt-and-Pepper Denoising
Techniques” Electronics and communication
Department Indian Space Research
Organization (ISRO) 2017.
[29] Md Amir Baig ;Athar A. Moinuddin ; E.
Khan “PSNR of Highest Distortion Region: An
Effective Image Quality Assessment Method”
2019 International Conference on
Electrical, Electronics and Computer
Engineering (UPCON), (2019).
[30] AshishDevnani , C. D. Rawat
“Comparative analysis of image quality
measures” 2016 International
Conference on Global Trends in Signal
Processing, Information Computing and
Communication (ICGTSPICC) pp 353-357,
(2016).
[31] HinaMagsi, Ali Hassan Sodhro,
FaheemAkhter, Saeed Ahmed Khan” Analysis
of signal noise reduction by using filters”
2018 International Conference on Computing,

elSSN1303-5150

Mathematics and Engineering Technologies,

(2018).

www.neuroquantology.com

8297


http://www.neuroquantology.com/



