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Abstract— Magnetic Resonance Imaging MRI is widely
used in medical studies. It is a non-invasive technique. There
are several noises which affect the performance of MRI. Salt
and pepper noise is a kind of pulsing noise which is produced
in images of MRI due to their sensors. Modified Non-Local
Means MNLM filter is applied to remove this noise. Noise of
salt and pepper of colored images of MRI are removed using
2-stages Modified Non-Local Means filter or 1-stage
Modified Non-Local Means filter. These filters are compared
to remove salt and pepper noise from these noisy colored
images. Peak signal-to-noise ratio PSNR and structure
similarity SSIM are used to evaluate quality of denoised
images. The parameters of 2-stages Modified Non-Local
Means are over performed of parameters of 1-stage Modified
Non-Local Means filters. In 2-stages Modified Non-Local
Means, when variance of salt and pepper noise is 0.01, PSNR
of noisy image is 24.09dB. PSNR of denoised image is
35.19dB. SSIM of noisy image is 0.842. SSIM of denoised
image is 0.9896. . In 1-stages Modified Non-Local Means,
when variance of noise is 0.01, PSNR of noisy image is
24.19dB. PSNR of denoised image is 32.31dB. SSIM of noisy
image is 0.844. SSIM of denoised image is 0.958.
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1. INTRODUCTION

MRI is a widely used in medical and research studies.
It is a non-invasive technique. It is used to know the
anatomy and the function of different parts of the body. It
is used without needing to damage radiation. It is used for
detecting, diagnosing, treating and monitoring diseases.
Many researches are conducted for removing noise from
MRI images. H. K. Kwan used intelligent digital filter to
reduce salt and pepper noise of images of MRI [1]. S. N.
Sulaiman and his colleagues used switching based
clustering method to reduce noises from noisy images of
MRI [2]. Bruni et al. denoise non-local means image
based on noise adaptive SSIM [3]. B. Deepa and M. G.
Sumithra used comparative analysis to remove noise of
MRI brain images [4]. I. S. Isa et al. denoise MRI
images using fundamental filters [5]. F. Mohanty et al.
removed salt and pepper noise from MRI images using B-
Spline Interpolation [6]. H. M. Ali used median filter to
remove salt & pepper noise of images of MRI [7]. X.
Wang et al. used iterative NLM filter to remove salt and
pepper noise [8]. S. Gupta and R. K. Sunkaria removed
salt and pepper noise from medical images by a modified
weighted average filter [9]. D. Chowdhury et al. removed
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salt and pepper noise by using SNPRB Filter [10]. J.V.
Manjoén and P. Coupe removed noises MRI images by
applying deep learning and non-local averaging [11].

II. METHODS OF NOISE REMOVAL

A. NLM Filter

Non-Local Means (NLM) filter is widely used for
removing noise from images [12]. Pixels of image are
averaged in NLM filter. In this paper, we will use it for
removing noise from images of MRI. Pixels of images are
averaged in NLM filter. If there is signal with salt and
pepper noise.

v=u+n (D

Where n is additive noise, u is original signal, and v is
noisy signal. The average estimated u(s)ofa sample s is a
weighted aggregate of values at different points t that are
within "search neighborhood" N(s) and can be calculated
as (2)

ul) = 705 ;) w(s, Hv(t) 2)
Where
2() = ) w(s,® ®3)

t
The weights can be calculated from (4)

Ysealv(s +8) —v(t + )]
w(s,t) = exp (— TIE >
d?(s,t)
= exp(— TIE ) (€))

Where A is bandwidth parameter ,A is local path of
samples enclosing s, consisting Ly sample; a patch of
similar shape also encloses t. Samples of patches are
selected at the center of interested points d2 is the squared
, summed point to point difference between samples of
patches. The patches are centered on s and t points. Each
patch is presented to self averaging with weight w(s,s)=1.
Smoother results are achieved by central patch corrector as
shown in (5)

,t
w(s,s) = maxt‘t;,s(s))_tis (5)
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The main idea of NLM filter is that the weight w(s,t)
depends on patch correlation not on the distance between t
and s points. The identical patches retain edges. The self
similarity expands along the signal, N(s) is considered to
be the whole signal, so averaging operation is exactly non-
local.

In the MNLM filter equation (4) will be
d?(s,t)

WLa 12)4)

NIV @)

In this paper ¢=0.35, half patch size=2 and half
window size=1

w(s,t) = exp <— (6)

B. Performance of Noise Removal

Two parameters are introduced to evaluate
performance of modified NLM filter such as PSNR and
SSIM.

[max(v)]?
MSE

1
MSE (u,v) = NZ(u — )2 ©
i
The SSIM index is based on the calculation of three
values, the luminance value, the contrast value and the
structural value. The overall index is a multiplicative
combination of the three values [13].

PSNR(v)db = 10.logy, 8)

SSIM (u,v) = [1(u, v)]% [c(u,v)]A. [s(w,v)]Y (10)

Where

2py iy + Cy
(wv)=——mF 11
T
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v) = v T 2 12
c(w,v) 0,2+ 0,2+ C, 12)

0, + C
swr)=—2—2  (13)
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Where p,, My, 04,0, and o, are the local means,
standard deviations, and cross-covariance for images x, ).
If a = B =y =1 (the default for Exponents), and C; = C,/2
(default selection of Cs) the index simplifies to:

SSIM (u, v)
_ (Zl'lul'lv + Cl)(zo_uv + CZ)
(uy? + w2+ C)(0y2 + 0,2+ Cy)

(14)

III. ANALYSIS AND RESULTS

Three Colored images of MRI are presented for brain.
1" sagittal view image of MRI brain is represented.
Transverse view image of MRI brain is represented. 2™
sagittal view of MRI brain is represented. Salt and pepper
noises are added to the three colored images of MRI.

As shown in Table 1, variance of salt and pepper noise
is changed from 0.01 to 0.1. 2-stages MNLM are used to
remove this added noise from noisy image of Figurel.
When variance of noise is 0.01, PSNR of noisy image is
24.09dB. PSNR of denoised image is 35.19dB. SSIM of
noisy image is 0.842. SSIM of denoised image is 0.9896.
As shown in Figure 1, noisy and denoised image of 1*
sagittal view image of MRI brain using 2-Stage MNLM
Filter when variance of noise is 0.01.

As shown in Table 2, variance of salt and pepper noise
is changed from 0.01 to 0.1. 1-stages MNLM are used to
remove this added noise from noisy image of 1% sagittal
view image of MRI brain. When variance of noise is 0.01,
PSNR of noisy image is 24.19dB. PSNR of denoised
image is 32.31dB. SSIM of noisy image is 0.844. SSIM of
denoised image is 0.958.

As shown in Table 3, variance of salt and pepper noise
is changed from 0.01 to 0.1. 2-stages MNLM are used to
remove this added noise from noisy image of transverse
view image of MRI brain image. When variance of noise
is 0.01, PSNR of noisy image is 23.4dB. PSNR of
denoised image is 32.74dB. SSIM of noisy image is 0.683.
SSIM of denoised image is 0.965. As shown in Figure 2,

noisy and denoised image of transverse view image of
MRI brain using 2-Stage MNLM Filter when variance of
noise is 0.01.

As shown in Table 4, variance of salt and pepper noise
is changed from 0.01 to 0.1. 1-stages MNLM are used to
remove this added noise from noisy image of transverse
view image of MRI brain. When variance of noise is 0.01,
PSNR of noisy image is 23.61dB. PSNR of denoised
image is 31.79dB. SSIM of noisy image is 0.688. SSIM of
denoised image is 0.9.

As shown in Table 5, variance of salt and pepper noise
is changed from 0.01 to 0.1. 2-stages MNLM are used to
remove this added noise from noisy image of 2™ sagittal
view of MRI brain image. When variance of noise is 0.01,
PSNR of noisy image is 24.26dB. PSNR of denoised
image is 31.89dB. SSIM of noisy image is 0.83. SSIM of
denoised image is 0.95. As shown in Figure 3,

noisy and denoised image of 2™ sagittal view of MRI
brain image using 2-Stage MNLM Filter when variance of
noise is 0.01.

As shown in Table 6, variance of salt and pepper noise
is changed from 0.01 to 0.1. 1-stages MNLM are used to
remove this added noise from noisy image of 2™ sagittal
view of MRI brain. When variance of noise is 0.01, PSNR
of noisy image is 24.24dB. PSNR of denoised image is
30.05dB. SSIM of noisy image is 0. 83. SSIM of denoised
image is 0.91. 1-stage MNLM is shown in figure4. 2-stage
MNLM is shown in figure 5.
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Fig. 1. Before and After Removing Salt and Pepper Niose From
Fig.1 using 2-Stage MNLM Filter When Variance of Noise is0.01

Fig. 2. Before and After Removing Salt and Pepper Niose From
Fig.2 using 2-Stage MNLM Filter When Variance of Noise is0.01

Fig. 3. Before and After Removing Salt and Pepper Niose From
Fig.3 using 2-Stage MNLM Filter When Variance of Noise is0.01

Fig. 4.

1-stage MNLM

P

Denoised

Image
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Fig. 5. 2-stages MNLM
TABLE L 2-STAGES MNLM FILTER PERFORMANCE FOR
REMOVING SALT AND PEPPER NOISE OF FIG.1
Noise PSNR PSNR SSIM SSIM
variance noisy Denoised | noisy | denoised
dB dB
0.01 24.09 35.19 0.842 0.9896
0.02 21.13 32.56 0.753 0.977
0.03 19.369 30.39 0.697 0.96
0.04 18.11 28.5 0.66 0.94
0.05 17.17 26.95 0.625 0.912
0.1 14.13 21.97 0.52 0.78
TABLE IL 1-STAGE MNLM FILTER PERFORMANCE FOR REMOVING
SALT AND PEPPER NOISE OF FIG.1
Noise PSNR PSNR SSIM SSIM
variance noisy denoised | noisy | denoised
dB dB
0.01 24.19 32.31 0.844 0.958
0.02 21.14 29.096 0.754 0.92
0.03 19.398 26.98 0.696 0.881
0.04 18.14 2542 0.655 0.846
0.05 17.14 24.07 0.62 0.81
0.1 14.13 19.73 0.522 0.68
TABLE IIL 2-STAGES-MNLM FILTER PERFORMANCE FOR
REMOVING SALT AND PEPPER NOISE OF FIG.2
Noise PSNR PSNR SSIM SSIM
variance noisy denoised | noisy | denoised
dB dB
0.01 23.4 32.74 0.683 0.965
0.02 20.7 30.72 0.53 0.939
0.03 18.91 29.26 0.43 0.91
0.04 17.57 27.04 0.357 0.838
0.05 16.61 26.25 0.32 0.81
0.1 13.57 21.08 0.22 0.538
TABLE IV. 1-STAGE MNLM FILTER PERFORMANCE FOR REMOVING
SALT AND PEPPER NOISE OF FIG.2
Noise PSNR PSNR SSIM SSIM
variance noisy Denoised | noisy | denoised
dB dB
0.01 23.61 31.79 0.688 0.9
0.02 20.72 28.23 0.53 0.82
0.03 18.84 26.49 0.43 0.73
0.04 17.5 24.75 0.358 0.66
0.05 16.6 23.38 0.315 0.589
0.1 13.62 19.34 0.22 0.377
TABLE V. 2-STAGES MNLM FILTER PERFORMANCE FOR
REMOVING SALT AND PEPPER NOISE OF FIG.3
Noise PSNR PSNR SSIM SSIM
variance noisy | denoised | noisy | denoised
dB dB
0.01 24.26 31.89 0.83 0.95
0.02 21.21 29.96 0.72 0.93
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0.03 19.45 28.31 0.65 0.91

0.04 18.21 26.94 0.6 0.88

0.05 17.22 25.6 0.56 0.85

0.1 14.24 21.24 0.44 0.71

TABLE VL 1-STAGES MNLM FILTER PERFORMANCE FOR
REMOVING SALT AND PEPPER NOISE OF FIG.3

Noise PSNR PSNR SSIM SSIM

variance noisy denoised | noisy | denoised
dB dB

0.01 24.24 30.05 0.83 0.91

0.02 21.22 27.14 0.72 0.85

0.03 19.43 25.2 0.65 0.798

0.04 18.22 23.82 0.6 0.757

0.05 17.26 22.71 0.56 0.72

0.1 14.23 18.81 0.44 0.59

IV. CONCLUSION
Salt and pepper noise is due to sensors of MRI. Salt

and pepper noise are added to colored images of MRI and
then removed using 2-stages MNLM filter and 1-stage
filter. PSNR and SSIM are parameters which are used to
evaluate quality of denoising images. The parameters of 2-
stages MNLM are over performed of values of 1-stage
MNLM filter. In future, a new filter will be implemented

to
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remove noise with higher PSNR and SSIM.
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