Volume 10, Issue 3
June 2021

ITEE Journal ISSN: - 2306-708X

Information Technology & Electrical Engineering

©2012-21 International Journal of Information Technology and Electrical Engineering

Performance Evaluation of Various Filter Techniques for De-noising Magnetic
Resonance Imaging and Computed Tomography Images

'Dr.Aziz Makandar, 2 Miss. Rekha Biradar
Department of Computer Science, KSAWU Vijayapura, Karnataka, India

2Department of Computer Science, KSAWU Vijayapura, Karnataka, India
E-mail: ‘azizmakandar@kswu.ac.in, 2rekb92@gmail.com

ABSTRACT

The current state of medical science is highly dependent on medical images and the Magnetic Resonance Imaging (MRI),
Computed Tomography (CT), and other medical imaging techniques are examples. Doctors use these medical images to analyze
body structures and prepare for treatments. However, medical images are typically complex and noisy. Image de-noising has the
potential to be a vital problem in the field of medical imaging. It has been demonstrated in this paper that different types of noise
have an impact on image quality and image information. Noise is emitted during the acquisition, propagation, reception, storage,
and retrieval phases. Consequently, image de-noising becomes a crucial task for defect correction. In this study, compares the
output of five alternative filters for MRI and CT images using the Average filter, Wiener filter, Gaussian filter, Median filter,
and Order Statistics Filter. For performance evaluation, the SNR, PSNR, and MSE are used to compare the filters. Based on the
parameters, the filter that is most successful in eliminating the corresponding noise is determined.

Keywords: De-Noise Noise Models, Filter Techniques Parameters, MRI, CT, Salt and Pepper, Gaussian, Speckle, Poisson, Median, Average,

Order Statistics, Wiener.

1. INTRODUCTION

Noise is considered as a signal that interferes with the
original image information and lowers the visible quality of a
digital image. The primary sources of noise in digital

photographs include incomplete equipment, the picture
acquisition method while sending and compaction,
environmental requirements during picture collecting,

insufficient light-weight levels, and system temperature, all of
which impact the imaging device's durability [1]. Rapid
advances in information technology (IT) and medical devices
have benefited in the evolution of digital medical imaging.

Over the last thirty years, rapid improvements in
information technology and clinical instruments have aided in
the development of standardised clinical imaging. X-ray, CT,
mammography, atomic medical imaging together with Single
Photon Emission Computed Tomography (SPECT), distinct
computerized radiological cycles of vascular, cardiovascular,
and contrast imaging, and Positron Emission Tomography
(PET) are essential for this flip of activities [4].

Medical images are used by the doctors for various
purposes, including anatomical feature examination, treatment
planning, distinguishing tissues and glands, and volume
measurements is increasing rapidly. Usually, the medical field
uses imaging technologies such as MRI, CT, and Ultrasound
scans; others produce health-related images. Medical images,
on the other hand, are usually complex and noisy [7].

This paper discusses five standard filters. The

restoration process involves generating degradation and
retrieving the same image using the inverse operation. As
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appear in Figure.1l, we suggest restoring a noisy image R as
defined by R=0 + N [3].
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Figurel: Basic model of image restoration

O- Original image.
N- Additive noise.
R- Reconstructed image.

It is crucial to maintain the feature of an image’s by
lowering the amount of noise. It describes the different types
of noises that can be seen in MRI and CT images and the
filters used to remove those noises [5]. Digital images are used
in several applications, including medical imaging, satellite
television, MRI, CT, and scientific and technological fields
such as geographic information systems [6].

There is a possibility of real-time noise. It is
primarily based on adding various kinds of noise relying on
the real-time scenario. The results of noise may additionally
be additive and multiplicative. Gaussian noise, Salt and
Pepper noise, and random noise are whole varieties of additive
noise. Speckle noise is an example for multiplicative noise. A
greyscale or colour picture was captured for processing. If the
input image is in colour, it is transformed to greyscale [1].
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1.1 NOISE MODELS

In image processing, denoising is a big concern.
Noise degrades and obstructs the image's consistency. The
first step in image enhancement is denoising [16]. Image
restoration attempts to eliminate noise from an image and
return it to its original quality. This is a critical aspect of
preserving image quality when restoring pixel value. [14]. The
presence of noise in an image may be additive or
multiplicative.
O (x, y)- original image.
n (X, y) - noise.
R (X, y)- distorted image.
(x, y)- pixel position [6].
additive noise follows the norm

R(x,y) = 0(x,y) + n(x,y) oy
while multiplicative noise
R(x,y) = 0(x,y) * n(x,y) )

Depicting a progression of noise models utilizing probability
density functions. Poisson, Salt and Pepper, Gaussian, and
Spackle are the most widely recognized noises in medical
images shows in figure 2. These noises are examined at a

stretch below [2].

' | I | 'l
HEeEdEHEE

Figure2: Types of noises that were added to the image.

e Gaussian Noise (Standard Noise):

The size of Gaussian noise is unaffected by the signal
intensity at each pixel. To modify the value of each pixel
from its original value, a tiny number will be utilised
[11].Smoothing image pixels removes acquisition noise,
although the effect might be unpleasant sometimes,
resulting in blurry edges in elevated images [14]. Gaussian
Noise equation as follows.

—(z—w)?

P(2) = \/%e 207 ?)

represents mean and standard deviation,

p and o
respectively.
e Salt and Pepper Noise:

Impulse noise, independent noise, and spike noise are
all terms used to describe salt and pepper noise. Impulse
noise is caused by fast transitions, such as defective
switching.  Malfunctioning  pixels, analog-to-digital
conversion issues, and transmission bit errors are some of
the causes. There may be considerably reduced using the
dark frame subtraction technique and interpolating over
dark/bright pixels [19].

P, forz=a
P(Z)={P, forz=bh (4)
0 otherwise
1) If either P, or Py is zero, then it is called as
unipolar noise.
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2) If neither Pa nor Pb is zero or if that are
approximately equal then it is referred to as Salt
and Pepper noise.

3) If ais O it indicates black and if b is 255 it
indicates white [5].

e Speckle Noise:

Speckle noise is an example for Multiplicative noise.
Similarly, as phasors with random amplitude and introduce
free house are viewed as an infinite add of independents,
speckle noise is perceived as an endless add of
independents [11]. Speckle noise occurs in different forms.
This specifically refers to the fact that speckle noise's
variance is comparable to the conflict of the feature.

a—1 —-X

F(g) = T=—ew ()

(a—1)!la®*

Where:
o -represents variance.
g - represents grey value.

e Poisson noise:

Instead of obtaining an external effect, it is created
from the data of the original image [11]. Shot noise is also
known as Poisson noise. Due to the statistical existence of
electromagnetic waves, it becomes apparent in the image
[5]. This form of noise occurs when the numbers of
photons detected by the sensors are insufficient to detect
statistical variations in measurement. The critical cause of
Poisson noise is photon fluctuations [18].

1.2 FILTER TECHNIQUES

As a result, noises are detected using nearby
information and are filtered by using the finest filtering
methods, which will not be affecting the image quality, hence
reinforcing the smoothness of the image was captured for the
analysis.

Average Filter:

The addition of total values inside the filter window
is used to substitute the pixel. Instead of removing the speckle
from the image, it is blended into one. In the filter window,
dark and light speckle pixels will theoretically balance out
each other. The probability of such events increases as the
filter window size grows. However, it causes image distortion,
information loss, and, finally, spatial resolution loss [20]. It
computes the distorted image g (s, t) average value in the Sy y
field. At any position (X, y), the reconstructed image f (x, y)
value is

fG69) = —Fstrese, (1) (6)

Gaussian Filter:

A Gaussian filter is used to remove high-frequency
components from an image. As a result, it has the capability of
being used as a low pass filter [8]. A Gaussian filter
mathematically modifies the input image by convolution with
a Gaussian function. A two-dimensional convolution operator
that blurs images while removing information and noise is the
Gaussian smoothing operator [15].
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F(9) = =i @)
Where:
g-grey value.

m —average function, and
o- noise's standard deviation [3].

Median Filter:

The median value of neighbouring pixel is used by
the Median filter to replace the pixel values instead of using
the mean. The median is calculated by numerically ranking all
the image pixels in the neighbouring regions and afterwards
substituting the pixels with the median pixel values[21]. While
this filter removes noise, it compromises adequate
information. Researchers use median filters because they can
successfully reduce noise with less blurring for a wide range
of noise types. In addition to image processing, signal
processing, and time-series processing, median filters are
frequently employed as smoothers [12].

f@,y) = median (s ppes, {9(s, )} (®)

Order Statistics Filter:

The rank, median, minimum, and maximum sort are
computed using the nearest neighbour’s pixel in order of
increasing depending upon on grey - level values in an Order
filters, and this sorting would be used to locate the optimal
value or position. The ranking is referred as values or position
in this order list [7]. The n pixels should be arranged
numerically (S1, S2, S3, ...... Sn),

Where S1<82<...... Sn output is then chosen, with

Rank(k) =Sk1< k< n 9)
When completed this for all possible window locations,
G = Rk(S) (10)

Where:

S- input image.

G- it defines the refined image.
k-it defines position with rank.

Wiener Filter:

The images are degraded using additive noise and
blurring, and the MSE-optimal statistic linear filter becomes
the Wiener filter. The Wiener filter must be obtained by
assuming that the signal or noise approaches are both second-
order statistics. [21].

G(u,v) =

Where:

Degradation feature H(u, v)

H*(u, v) is Degradation function of complex conjugate.
Pn (u, v) is Noise Power Spectral Density.

Ps (u, v) is Image's unaltered Power Spectral Density.

Hx*(u,v)Ps(u,v)
|H(u,v)|2Ps(u,v)+Pn(u,v)

(11)

1.3 Performance Measurement Parameters

Signal and Noise Ratios:
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The signal and noise ratio (SNR) is calculated by
multiplying the volume of noise by its standard deviation (n)
[10].

M=N

1 M-1¢N-1 2
N Fom=02n=0 f (m,n)

+EM I SNZ3(F (mn)-g(mn))?

(12)

f(m, n) - original image
g(m, n) - restored image.

Mean Square Error (MSE):

MSE stands for the cumulative square error between
the planar image and the original image. The reconstructed
and original images are exhibited in comparison. It's used to
figure out how much the original and reconstructed images
vary [17].

MSE = —— 3, 3 [y (@) — ()P (13)

Peak Signal Noise Ratio (PSNR):

The PSNR value represents the accurate value of the
image being reconstructed. The PSNR is used to calculate the
image loss' efficacy. PSNR distinguishes the relationships
between the original image, noise, and decoded image [17].

PSNR = 10log;o (22) (14)

MSE

2. RELATED WORK

Janaki K et al. [1] In this study, Different forms of noise
affect image quality and details in images. Different kinds of
filters might also be used to restore the visual quality and data
from the noisy image. This paper considers Gaussian noise,
Speckle noise, and random noise, and Salt and Pepper noise,
which can be reduced using Gaussian filters, Average filters,
Median filters, or Adaptive Median filters. Four distinct filters
are examined for a greyscale cameraman image, and it is
discovered that the adaptive median filter surpasses the
improved de-noising technique in image processing.

Prashant Dwivedy et al. [2] In this study author goes through
all the different types of noise that can degrade an image. The
test has been done on Lena greyscale image. The elimination
of various noises from images has been achieved with several
types of filters. A variety of measurement parameters are used
to compute the filter that is incredibly advantageous in
removing a certain noise. And it was determined that the Mid-
Point filter is good for Poisson, Multiplicative, and Gaussian
noise. Rayleigh prefers the Arithmetic Mean filter. The
Median filter works well for Exponential, Salt and Pepper.
The Geometric Mean filter is an excellent filter for Erlang,
Uniform noise.

Azadeh Noori Hoshyar et al. [3] Author of this paper has
covered five different filtering methods and four different
types of noises applied to skin cancer images with intensities
ranging from 10% to 80% for medical applications. The aim is
to compare filters by measuring PSNR to find out how they
behave in the presence of various types of noise. Adaptive
Wiener, Adaptive Median Filter works well for Salt & Pepper
noise, and with high Speckle intensities, in Gaussian, Poisson,
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or low Speckle intensities, mean filters offer superior
outcomes. This work aims to inspire researchers to select
superior strategies for pre-processing their skin cancer
detection system to achieve the best possible results.

Manoj Gupta et al. [5] The author presents, the various filters
to reduce the noise in an ultrasound image and evaluating the
output with PSNR, MSE, and RMSE, so that the image quality
can be increased. Since a greater PSNR value corresponds to a
greater filtering value, An image of high quality must have the
smallest possible MSE and RMSE values because the error
must be low. The PSNR, MSE, and RMSE numerical figures
show that the filters have outstanding characteristics and edge
preservation efficiency, allowing for more Ultrasound Image
De-noising for diagnosis and therapy. Furthermore, the Mean
Filter effectively removes Speckle, Salt or Pepper Noise, and
Poisson Noise, and the Gaussian Filter effectively removes
Gaussian Noise is concluded in this work.

ZinatAfrose et al. [22] In this study, tried to remove the Salt
& Pepper, Gaussian, and Speckle noises from complex images
using the Median filter, Relaxed median filter, Wiener filter,
Center-weighted median filter, and Averaging filter. In order
to analyse and evaluate various filter outputs with applied
noise, complex images are used to extract the PSNR value.
According to the overall performance and test outcomes, the
relaxed median filter produces higher outcomes for compound
images.

Shivani Sharma et al. [19] This study examines the output of
different filters used to remove impulse noise from images.
The MSE and PSNR are the output standards. According to
the findings, the median filter provides the most effective
noise reduction for salt and pepper.

3. MATERIALS AND METHODS

Paper presents an MRI and CT image denoising
approach based on Gaussian filter, Median filter, Wiener
filtering, Average filter and, Order statistic filter. The original
values are comprehensive collection of series of MRI Chest
Images obtained from the Open datasets and CT images
obtained from the Kaggle database for the study, whereas 20
MRI and CT images of each have been used for testing. They
are free of noise and have a high resolution. MRI & CT
images are chosen for testing with MATLAB R2020b since
this analysis focuses on filtering algorithms.

3.1 RESULTS AND DISCUSSION

An MRI and CT scan with a resolution of 512 x 512
pixels were used as a test image, and various noises were
applied to the input image which is known as noisy image (see
Figure.3). The noisy image is then subjected to a series of
filters in order to create a comprehensible and de-noised
image. The de-noised image can now be used to determine
error metrics. The Error Calculator is used to determine SNR,
PSNR, and MSE (Error: difference between original image
and restored image). Figure.3and 4 shows the result and the
process of our proposed method are illustrated, and the
algorithm is shown below.
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Figure 3: (a) added Spackle noise and used various filters to
De-noise CT image; (b) added Poisson noise and used various
filters to De-noise MRI image;
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Figure 4: Process of proposed method
Flow of the Program:

1. Acquire original image.

2. Resize the original image.

3. Add an amount of noise to resized image.

4. The different types of filters are used to de-noise images that have been distorted by various types of noises (Average,
Gaussian, Order Statistics, Median, and Wiener).

5. Subplot the image (original, noisy, and filtered images) to get a multi-image in one single frame: (3, 3, 1) ....... (3,3,9);
Displays the input image alongside the filtered images;

6. After applying the filter, assess the image quality using various parameters (like PSNR, SNR, and MSE).

All five filters are applied in series, and parameters are differentiated for each noise, namely shown in the tables and charts below.

SALT&PEPPER NOISE(CT) GAUSSIAN NOISE(CT)
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Chart -2: Resultant graph of filter parameters for a variety of noise introduced to the MRI image.
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Table 1: Comparison table of filter parameters for various noises added to the CT image.

Gaussian Filter Median Filter Wiener Average Filter Order Statistics Filter

Noises\Filters | MSE | PSNR SNR | MSE | PSNR SNR | MSE| PSNR SNR | MSE | PSNR SNR | MSE | PSNR SNR
Salt&Pepper 11.86 | 37.42383 | 62.46076 | 2.59 | 44.03382 | 69.07075 | 12.3 | 37.26679 | 62.30372 | 12.94 | 37.04712 | 62.08406 | 2.53 | 44.13523 | 69.17216
Gaussian 23.71 | 34.41559 | 59.45253 | 22.54 | 34.63585 | 59.67279 | 26.57 | 33.92023 | 58.95721 | 23.48 | 34.4577 | 59.49464 | 23.01 | 34.54474 | 59.58168
Poisson 8.56 | 38.83897 | 63.8759 | 7.01|30.70607 | 64.743 | 8.2 | 38.66339 | 63.70033 | 9.27 | 38.49193 | 63.52886 | 7.03 | 39.69616 | 64.73309
Speckle 22,01 | 3473952 | 59.77646 | 20.16 | 35.11947 | 60.15641 | 22.85 | 34.57586 | 59.6128 | 22.28 | 34.68478 | 59.72172 | 20.14 | 35.12489 | 60.16182
MSE | PSNR | SNR | MSE | PSNR | SNR | MSE | PSNR| SNR | MSE | PSNR| SNR | MSE | PSNR | SNR

Gaussian Filter Median Filter Wiener Filter Average Filter Ordelr:stt::lstlcs

—=@=Speckle 22.01|34.74|59.78 | 20.16 | 35.12 | 60.16 | 22.85 | 34.58 | 59.61 | 22.28 | 34.68 | 59.72 | 20.14 | 35.12 | 60.16
Poisson 8.56 |38.84|63.88| 7.01 |39.71|64.74| 8.92 | 38.66| 63.7 | 9.27 | 38.49|63.53| 7.03 | 39.7 | 64.73
—@—Gaussian | 23.71|34.42|59.45 | 22.54 | 34.64 | 59.67 | 26.57 | 33.92 | 58.96 | 23.48 | 34.46 | 59.49 | 23.01 | 34.54 | 59.58
—8—Salt&Pepper | 11.86 | 37.42 | 62.46 | 2.59 | 44.03 | 69.07 | 12.3 |37.27| 62.3 | 12.94|37.05|62.08 | 2.53 |44.14|69.17

Chart 3: Comparison chart of filter parameters for various noises added to the CT image

Table 2: Elapsed time for denoising MRI and CT images using different filters.
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Gaussian Filter 0.175918 | 0.166305 0.186 0.163182 0.225607 0.196931 0.1595 0.162491
Median Filter 0.166821 | 0.163788 0.19729 0.163141 0.213659 0.210827 | 0.163602 | 0.16803
Wiener Filter 0.184152 | 0.168283 | 0.184263 | 0.170613 0.216728 0.218265 0.176055 | 0.164072
Average Filter 0.163733 | 0.161089 | 0.167168 | 0.164321 0.222942 0.215412 0.156179 | 0.156704
Order Statistics Filter 0.016877 | 0.016882 0.01868 | 0.018614 | 0.089994 0.082451 0.01758 | 0.020008
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Chart -4: Elapsed time chart for denoising MRI and CT images using different filters.
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As shown in Tables 1, 2, Charts 1 to 4, removing
noise from an image has a number of benefits using a variety
of filtering techniques, the parameter values are computed,

Department of Electronics and Communication
Engineering Govt. Engineering College Trichur
Thrissur, Kerala State, A Thesis, (July 2013)..

and the time taken for the process is varies. The image filtered [7] Manoj kumar V, Remyaelizabeth Philip, Arun A,

by various filters shows improved PSNR values as well as Sumithra M G, “Comparative Analysis of Different

other characteristics when compared to the noisy image. Filters for Denoising In Medical Image Segmentation”,

International Journal of Innovative Research in

CONCLUSIONS Science, Engineering and Technology Vol. 2, Issue 3,
In the present study, four types of noises are applied March 2013.

to the MRI and CT medical images such as Poisson noise, Salt [8] ~ Ch- Rajasekhara Rao, M N V 'S S Kumar, G

and Pepper, Gaussian, and Speckle noise. All noise reduces ]S)aeiOBiz?Sgan;ﬂterRa(f)ér l\/I[I;:IeStIIIglgﬂg(:sl” OIfl tergaﬁ;tilorﬁi

ISEZ?SS q#ﬁigé’ arrzstjjlstéggtolr;sslg: rirrr:]e;non IO|S-S' gccordmg 0 Journal of Applied Engineering Research ISSN 0973-
. ge quality in this study.

Based on the parameters shown in the above tables and charts, 4562 Volume 13, Number 15, (2018). ,

it is computed which filter will be the best one for eliminating 1 ~ Ahmed S. Bafaraj, “Performance Analysis of Best

respective noise. The conclusion table is shown in Table.3 Speckle Filter for Noise Reduction in Ultrasound

below. Med.lcal . Images”,Intherngtslona(l)9 ;é)lzrgg; \(}f | Appl;-e4d
. Engineering Research ISSN - olume 14,
Table -3: Result of the prop.osed method Number 6, (2019).
Filters [10] A. Buades, B. Coll, and J. M. Morel, “A Review of
Noises CcT MRI Image Denoising Algorithms, With A New One”,
Median or Order Society for Industrial and Applied Mathematics. Vol. 4,
Salt Pepper Noise | Median Filter statistics Filter No. 2, pp. 490-530, (2005).

Gaussian Noise Average Filter Wiener Filter [11] Arin H. Hamad, Hozheen O. Muhamad and Sardar P.
Poisson Noise Order Statistics Filter | Wiener Filter Yaba, “De-noising of medical images by using some
speckle Noise Gaussian Filter Average Filter filters”, International Journal of Biotechnology

Research Vol. 2(2), July 2014.
[12] lza Sazanita lsa, Siti Noraini Sulaiman, Muzaimi
Mustapha, SailudinDarus, “Evaluating Denoising
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