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Enhancing Medical Images by New Fuzzy Membership Function Median

Based Noise Detection and Filtering Technique

G. Elaiyaraja’ and N.Kumaratharan*

Abstract — In recent years, medical image diagnosis has growing significant momentous in the
medicinal field. Brain and lung image of patient are distorted with salt and pepper noise is caused by
moving the head and chest during scanning process of patients. Reconstruction of these images is a
most significant field of diagnostic evaluation and is produced clearly through techniques such as
linear or non-linear filtering. However, restored images are produced with smaller amount of noise
reduction in the presence of huge magnitude of salt and pepper noises. To eliminate the high density of
salt and pepper noises from the reproduction of images, a new efficient fuzzy based median filtering
algorithm with a moderate elapsed time is proposed in this paper. Reproduction image results show
enhanced performance for the proposed algorithm over other available noise reduction filtering
techniques in terms of peak signal -to -noise ratio (PSNR), mean square error (MSE), root mean square
error (RMSE), mean absolute error (MAE), image enhancement factor (IMF) and structural similarity
(SSIM) value when tested on different medical images like magnetic resonance imaging (MRI) and
computer tomography (CT) scan brain image and CT scan lung image. The introduced algorithm is
switching filter that recognize the noise pixels and then corrects them by using median filter with fuzzy
two-sided - membership function for extracting the local information.

Keywords: CT scan brain image, Fuzzy switching median filter, Image enhancement factor, MRI

scan brain image, Peak signal- to-noise ratio, Salt and pepper noise.

1. Introduction

Medical images are distorted by salt and pepper noise is
largely caused by the acquisition or transmission of digital
images in a noisy channel [13]. Salt and pepper noise is
one type of impulse noise which can degrade the image
visualization, where the noisy pixels can take only the
minimum and maximum pixel elements of image. The
linear filter like mean filter and interrelated filters are not
efficient for removal of salt and pepper noise. Non-linear
filtering techniques like standard median filter (SMF) and
Adaptive median filter (AMF) are widely used to remove
salt and pepper noise [21]. However, the SMF, which
restores each pixel with median pixel value in the filtered
image, exhibits blurring of reconstructed image [3]. SMF
is effective only at low noise densities. Several techniques
have been implemented for removal of salt and pepper
noise at high noise densities [1-9].

Recent methods like efficient detail-preserving approach
(EDPA) and efficient edge-preserving algorithm (EEPA)
based on alpha-trimmed mean statistical estimator have
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been proposed for the removal of salt-and-pepper noise
without degrading image fine information’s [2]. Then,
adaptive impulse detector with center-weighted median
(ACWM) filter efficiently to remove salt-and-pepper
noise. These techniques simply perform well when an
image is degraded with 50% of noise densities and small
window size. On the other hand, Progressive Switching
Median Filter(PSMF), decision based algorithm (DBA),
modified decision based algorithm (MDBA), are one of the
fastest and efficient algorithms of capable of salt-and-
pepper noise removal at high noise densities as 80% [18].
A most important disadvantage of this algorithm is
striping problem at high noise densities. To overcome this
drawback, modified decision based unsymmetric trimmed
median filter (MDBUTMF) is used to remove salt-and-
pepper noise at very high densities as 80-90%. In response
to this noise problem, the switching median filter [6], in
which an impulse detector of employed to classify the
center pixel of the filtering window is proposed. In the
filtering algorithm, at high noise density, the processing
pixel is replaced by the mean value of pixel elements
within the window [5]. This causes blurring of fine image
details or high computational time [10]. Examining all
those problems exist in literature, we have proposed a
new switching based algorithm, which aids to accurate
medical image visualization. This algorithm gives better
metric values than the existing median based algorithms
[2-6].
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2. Proposed Algorithm

The modified fuzzy switching median based filter is a
non-causal two-stage filter, one stage for finding the pixels
are noise-free or noise pixels and second stage for noise
reduction as shown in figure Fig. 1. The first step to
detect the two salt-and-pepper noise intensities. When a
“corrupted pixel” is discovered, it is switched to the next
filtering stage [11]. Otherwise, when a pixel is marked as
“uncorrupted pixel” it will be left unchanged and the
filtering process is spared to avoid replacing any fine
details and textures in the noisy image [4].
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Fig. 1. Proposed medical image enhancing structure

2.1 Switching noise detection process

The filter initially estimates the two salt-and-pepper
noise intensities of histogram of noise image shown in
Fig. 2, and then the detection stage starts by searching
for the two local maximums, Lsalt=255 and Lpepper=0,
representing the two salt-and-pepper noise intensities
starting from both ends of noisy image histogram [17].
These two salt-and-pepper noise pixels will be used to
recognize possible “corrupted pixels” in the image as
shown in Fig. 3. A binary noise values B(m, n) will be
formed based on noise pixels as shown Fig. 4.
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Fig. 2. Histogram of Lung CT image distorted with 50% of
Salt-and-pepper noise
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Fig. 3. (7x7) Noisy image pixel values
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1 2 3 4 5 6 7
1 0 0 1 1 1 1 0
2 1 1 1 0 1 1 0
3 0 1 0 1 1 1 1
4 1 0 0 1 1 0 0
5 0 0 0 1 0 1 0
6 1 1 0 1 1 0 0
7 0 0 0 1 1 0 0

Fig. 4. (7x7) Binary mask value of noisy image

O,X(m,n) = Lsalt or Lpepper

Q)

B(m,n) = {
1, otherwise

where X (m, n) is the pixel at location (m, n) with intensity

X, B(m, n)=1 indicates “uncorrupted pixels” to be

obtained from the distorted image and B (m, n)=0 indicates

“corrupted pixels”.

2.2 Fuzzy noise cancellation

In this stage after creation of binary noise mask value,
“corrupted pixels” marked with B(m, n)=0 is replaced by
an estimated adjustment pixel value and then increase the
window size W2s+1(m, n) with (2s+1)x(2s+1) of chosen
noise image. Then, the number of “uncorrupted pixels” in
the filtering window W2s+1(m, n) is calculated using

Girg(mn)=B(m—-s:m+s,n—s:n+s) )

where S value is choose the window size of image

After counting of uncorrupted pixel, the minimum
number of “uncorrupted pixel” is less than one then
expands the filtering window by one pixel [15]. This
process is continued until the condition G, (m, n) greater
than or equal to one [18]. The uncorrupted pixels select the
median pixel M(m, n), given by

M(m,n) = median{X(m,n) } with B(m,n) =1 3)

The corrupted pixels select the median pixel M(m, n),
given by

M(m,n)=med{X(m-1,n-1),X(n+1),X(n—-1,m)} (4)

After finding the value of median pixel M(m, n), the
local information in a 3 x 3 window is extracted by
computing the absolute pixel difference o(m, n), given by

a(m,n) = abs(X(m-1:m+1,n-1:n+1)-X(m,n)*ones(3,3))
(%)

Then the local information is described by the maximum
absolute pixel difference in the 3x3 filtering window

d(m,n) = max(a(m,n)) (6)

In filtering stage, the Fuzzy reasoning is applied to the
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Fig. 5. Two-sided n-membership function

extracted local information d(m, n). The adopted fuzzy
set, which is defined by the Two-sided m-membership
function(MF) f(m, n) with four predefined thresholds T1(5),
T2(10), T3(245) and T4(250) as shown in Fig. 5 [19].

The two-sided m-membership function [19], given by

0, ford(m,n) <T1
S(d(m,n), TL,T2), for T1<d(m,n)<T2
f(m,n)= 1, for T2 <d(m,n)<T3 (7
Z(d(m,n),T3,T4), for T3<d(m,n)<T4
0, T4 <d(m,n)

Where S(d(m,n),T1,T2) is S-shaped open-right MF as
shown in Fig.6, given by

S(d(m,n),T1,T2)

0, Jord(m,n) < Tl
2
2(—d(m,n)—T1j , forT1<d(m,n)S(T1+T2j
3 T2-T1 2 (8)
a 2
1_2(Mj , for(wj <d(mn)<T2
T2-T1 2
1, forT2 < d(m,n)

and Z(d(m, n), T3, T4) is Z-shaped open-left MF as shown
in Fig. 7, given by

Z(d(m,n),T3,T4) =1-S(d(m,n),T1, T2) 9)
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Fig. 7. Z-Shaped membership function

Where the local information d(m, n) is used as the fuzzy
variable and the four thresholds T1, T2, T3 and T4 are set
to 5,10,245 and 250 respectively for best performance
[11]. The restored image Y(m, n) is acquired by linear
combination of weighted processing pixel X(m,n) and
median pixel M(m, n) of noisy image [15].

Y(m,n)=[1= f(m,m]* X (m,n)+ f(m,n)* M(m,n) (10)

3. Simulation Results and Discussion

In this section, the performance of the proposed fuzzy
based median filter was tested with medical images with
noise levels are varied from 10% to 90% and compared
with other existing salt-and—pepper noise removal filters.
The restoration performances are quantitatively measured
by several different kinds of metric value such as peak
signal to noise ratio (PSNR), mean square error (MSE),
RMSE, image enhancement factor (IMF), mean absolute
error (MAE) and elapsed time [18].

The PSNR is most commonly used as a quality
measurement for lossy compressed images. The PSNR is
the ratio of the maximal power of original image and the
noise power of distorted image. It is represented in the
logarithmic domain because the powers of signals are
usually in a wide dynamic range [6]. Its formula is given by

2
PSNR :10*10g10(%j (11)

MSE is the most widely used image quality assessment
based on error sensitivity [10]. It is computed by taking the
average of squared intensity differences in every pixel of a
reference image and a distorted image:

> (I(m,n) =Y (m,n))>

MSE — (12)
MN
2 (X (m,m) =1 (m,m))?
F = (13)

2. (Y (m,n)~1(m,n))*

mn
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Z|(1(m, n)—Y(m, n))|

MAE — (14)
MN

where I(m, n) is Original image, Y(m,n) is Denoised

image X (m, n)-Noise image and (M x N)-size of the image.

To obtain more correct assessments, the structural
simailarity (SSIM) metric which represents perceptual
image quality based on the structural information [13].
SSIM is an objective image quality metric and is superior
to traditional quantitative measures such as MSE and
PSNR [20].

A general form of SSIM is

SSIM (m,n) = [[(m,n)]*[c(m,n)]P[s(m,n)] (15)

Where o>0, >0 and y >0 are parameters used to adjust
the relative importance of the three components and m, n
are image patches.

Where 1(m,n) is luminance comparison

2
l(m,n) — Hin M + Cl

oy + a7 +C,

c(m, n) is contrast comparison

20,0,+C
c(m,n) — . m )12 2 ,
o, +o, +C,
. . _ O-mn + C3
and s(m,n) is structural comparison s(m,n) =—"———
0,0, +C

Table 1. MSE of Lung CT scan image for various filters at
different noise densities

N‘”Si‘; ‘T,any SMF | AMF | DBA | PSMF |UTDBMF| PA
10 93 44 21 56 27 17
20 165 | 106 | 46 93 49 34
30 407 [ 322 | 70 | 169 77 53
40 1030 | 1001 | 103 | 301 110 68
50 2422 | 2373 | 162 | 730 166 99
60 4197 | 4522 | 253 | 1584 | 258 | 135
70 7618 | 7665 | 445 | 7925 | 514 | 175
80 11686 | 11688 | 768 | 11821 | 1289 | 258
90 16839 | 16574 | 1616 | 16645 | 3126 | 540

Table 2.RMSE of Lung CT scan image for various filters at
different noise densities

Noise SMF | AMF | DBA | PSMF |UTDBMF| PA
density in %
10 9.67 6.65 | 462 | 751 528 | 422
20 1285 | 1032 | 6.83 | 9.69 702 | 5.86
30 20.19 | 1794 | 841 | 13.00 | 882 | 732
40 3210 | 31.65 | 10.16 | 17.36 | 10.73 | 8.30
50 4921 | 4872 | 1274 | 27.03 | 1290 | 9.95
60 6479 | 6724 | 1593 | 39.80 | 16.06 |11.62
70 8728 | 87.55 | 21.10 | 89.02 | 22.68 |13.26
80 108.10 | 108.11 | 27.71 |108.72| 3591 |16.08
90 129.76 | 128.74 | 40.19 | 129.01 | 5591 |23.25
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Where C,, C2, C3 are constants and i, Wy Gms> On» Omn
are local sample means and standard deviations of m and n.

The MSE, RMSE, MAE, PSNR, IEF, elapsed time in
seconds and SSIM value are calculated for the proposed
algorithm by varying the noise density from 10% to 90%
and comparisons of performance values of various existing
median based filters for lung CT scan image are tabulated
in Tables 1-7.

From the Table 1, shows that the MSE value of proposed
algorithm is very low compared to other existing noise
removal methods even noisy densities varied from 10% to
90%. The RMSE value in Table 2 shows that at high noise
levels, RMSE values of existing noise removal filters are
very high as compared to the proposed method. From
Table 3, we illustrate that the MAE value of proposed
method is very low compared to other existing noise
removal method.

Table 3. MAE of Lung CT scan image for various filters at
different noise densities

Noise SMF | AMF | DBA | PSMF |UTDBMF| PA
density in %
10 5.03 196 | 082 | 1.34 0.79 | 422
20 5.90 260 | 1.64 | 231 1.51 1.47
30 7.77 432 | 246 | 3.64 231 | 225
40 11.64 | 868 | 337 | 5.6l 320 | 297
50 19.65 | 17.05 | 456 | 10.06 | 428 | 3.88
60 30.12 | 29.74 | 6.15 | 17.41 577 | 4.84
70 4896 | 47.75 | 851 | 51.72 8.83 | 5.87
30 7122 | 7078 | 11.66 | 73.82 | 1670 | 7.37
90 9935 | 98.01 | 19.21 | 99.76 | 3429 |[10.40

Table 4. PSNR of Lung CT scan image for various filters
at different noise densities

Noise SMF AMF | DBA | PSMF |UTDBMF | PA
density in %
10 28.41 31.67 | 34.82 | 30.60 33.66 |35.60
20 25.95 27.85 | 31.43 | 28.40 31.19 |32.76
30 22.02 23.05 | 29.63 | 25.84 29.21 |30.83
40 18.10 18.12 | 27.99 | 23.33 27.68 |29.74
50 14.28 1437 | 26.02 | 19.49 2591 |28.17
60 11.91 11.57 | 24.08 | 16.13 24.01 |26.82
70 9.31 9.28 21.64 | 9.14 21.01 |25.67
80 7.45 7.45 19.27 | 7.40 17.02  |24.02
90 5.86 5.93 16.04 | 591 13.18 |20.80

Table 5.IEF of Lung CT scan image for various filters at
different noise densities

NO‘S;’H%Z“S”Y SMF | AMF | DBA | PSMF |UTDBMF| PA
10 2296 | 50.02 | 101.98 | 38.89 | 7730 |124.22
20 2662 | 4123 | 9481 | 46.77 | 89.78 |127.58
30 1603 | 1989 | 9256 | 3927 | 8449 |123.69
40 846 | 881 | 8475 | 2944 | 8037 |126.50
50 454 | 463 | 6735 | 1488 | 6639 |110.69
60 309 | 292 | 5158 | 822 | 5095 | 98.70
70 201 | 223 | 3457 | 1.94 | 2965 | 87.06
80 150 | 149 | 2286 | 148 | 13.62 | 6791
90 001 | 118 | 1222 | 118 | 629 | 3655
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Table 6. Elapsed time of Lung CT scan image for various
filters at different noise densities

Noise UTD

density in % SMF AMF DBA | PSMF MF PA
10 1.85 2.27 7.34 2.12 2.38 5.16
20 1.77 2.58 7.62 2.95 2.52 5.94
30 2.06 2.62 5.94 2.89 2.48 6.71
40 1.95 1.74 7.02 2.47 2.62 8.17
50 1.76 2.45 6.96 2.58 2.41 8.15
60 1.73 1.76 6.98 2.89 2.52 9.34
70 1.78 2.71 7.69 2.15 3.46 11.52
30 1.84 1.77 6.21 2.51 3.49 13.65
90 1.76 2.04 5.98 2.61 3.34 14.40

Table 7. SSIM of Lung CT scan image for various filters at
different noise densities

Noise SMF | AMF | DBA | PSMF | UTDBMF| PA
density in %
10 0.7932 | 0.9061 | 0.9763 | 0.9583 | 0.9776 |0.9840
20 0.7478 | 0.8732 | 0.9460 | 0.9171 | 0.9540 |0.9574
30 0.6276 | 0.7470 | 0.9141 | 0.8493 | 0.9258 |0.9375
40 0.4427 | 05187 | 0.8772 | 0.7114 | 0.8915 |0.8987
50 0.2460 | 0.2868 | 0.8305 | 0.4957 | 0.8362 |0.8539
60 0.1362 | 0.1444 | 0.7640 | 02987 | 0.7395 |0.8114
70 0.0667 | 0.0713 | 0.6823 | 0.0677 | 0.5420 |0.7664
30 0.0352 | 0.0362 | 0.5955 | 0.0366 | 0.3021 |0.7004
90 0.0143 | 0.0149 | 0.4473 | 0.0161 | 0.1378 |0.5746
18000
16000 '
14000 /
§12000 /
g ——SMF
&£ 10000 W AMF
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Fig. 8. Comparison of MSE value of different algorithms
for Lung CT scan image

The PSNR, IEF and SSIM values of proposed method in
Table 4, Table 5 and Table 7 shows that at higher noise
levels the PSNR, IEF and SSIM values of existing methods
are very low as compared to the proposed method. From all
the performance values of proposed method, it is clearly
observed that the performance of the proposed algorithm is
moderately significant than the existing algorithms at both
low and high noise densities. The performance analysis
against noise densities for lung CT scan image is also done
with help of plot shown in Figs. 8-13.

The difference in detail preservation performance of the
proposed method may be better observed by looking at the
output images of the different methods [19]. For this
purpose, the Lung CT scan image shown in Fig. 14(a) of
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Fig. 9. Comparison of RMSE value of different algorithms
for Lung CT scan image
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Fig. 10. Comparison of MAE value of different algorithms
for Lung CT scan image
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Fig. 11. Comparison of PSNR value of different algorithms
for Lung CT scan image

corrupted by 80% noise and noise image shown in Fig.
14(b) is restored by using different median based filters.
Fig. 14(c)-14(h) shows the output images of the different
methods. It is observed from this figure that performance
of the SMF and AMF are very close to each other. Some
noise mark are easily visible in the output images of these
two filters. The output images of the DBA, PSMF and
UTDBMF are almost indistinguishable from each other

http://www.jeet.orkr | 2201
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Fig. 14. (a) Original Lung CT scan image; (b) Corrupted image with 70% of salt-and-pepper noise; (¢) SMF image; (d)
AMF image; (e) DBA image; (f) PSMF image; (g) UTDBMF image and (h) Proposed filtered image.

(a) (b) (©)

) ©) G

Fig.15. (a) Original MRI scan brain image; (b) 80% noise image; (c¢) Proposed filtered image; (d) Original CT scan brain

image; (e) 80% noise image (f) Proposed filtered image

and they are significantly better than those of the SMF and
AMF. They show very good noise removal performance
but considerably blur the small details of the image. It is
observed that the proposed algorithm yields much better
preservation performance [15].

The PSNR value of proposed filter is high compared to
existing methods as shown in Fig. 10.

2202 | J Electr Eng Technol.2015; 10(5): 2197-2204

Fig. 15 show the reconstructed results of MRI scan brain
corrupted with 80% of noise of various filters [17]. From
the restored results the proposed filter produce excellent
quality image for high noise density. From the Table 6 and
Fig. 16, we observe that the proposed filter provides better
trade off among elapsed time.
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Fig. 16. Comparison of elapsed time value of different
algorithms for Lung CT scan image

4. Conclusion

In this paper, a proposed fuzzy based median filtered
algorithm has been implemented for enhancing the
different medical images in terms of removal of salt-and-
pepper noise from highly corrupted noisy image. The
extracted local information for optimal performance is
achieved by two-sided n-MF compare with other fuzzy
membership function. Results show that the proposed
algorithm improves the metric values in comparison with
other existing algorithms in terms of higher PSNR, IEF and
SSIM for noise densities from 10% to 90%. In addition, the
moderately elapsed time and easy implementation for
image denoising methods.
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