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Abstract: This article proposes a two-stage median filter for the removal of salt and pepper noise. In first stage, to identify the
noisy pixels modified approach of BDND algorithm is used, and in second stage, before restoration of noisy pixels once again it is
confirmed that whether current pixel is noisy or not using modified decision-based algorithm. Experimentation results show that
our proposed algorithm performs better than several existing algorithms in terms of subjective quality of image as well as
objective quality. Extensive experimentation shows that our proposed algorithm performs better than Standard Median Filter (MF),
Adaptive Median Filter (AMF), Decision-Based Algorithm(DBA) , Modified Decision-Based Algorithm (MDBA), and Modified
Decision-Based Unsymmetric Trimmed Median Filter (MDBUTMF). To compare the performance of our proposed algorithm,
several matrices such as Peak Signal to Noise Ratio (PSNR), Mean Absolute Error (MAE), and Structural Similarity Index (SSIM)
have been used.
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* % %
1. INTRODUCTION LetY}; be the gray level of original pixel and X;; be the
Digital images get corrupted by impulse noise either gray level of noisy pixel and p is the noise ratio and Z;;
during acquisition or during transmission. Due to be the gray level € [fn, Mimax ], where for salt and
impulse noise, signal information gets corrupted and pepper noise 7, would be 0 and n,,,, would be 255.
some irrelevant information gets added to original So noise model for salt and pepper noise can be
signal. Impulse noise can be categorized in two types, defined as in equation 1.0 [11, 13].
random valued impulse noise, and salt and pepper Z,  withprobability p
impulse noise. Salt and pepper impulse noise corrupt Xy = {yij with probability 1 — p...l.O
the pixel values in such a way that a pixel will hold
either low intensity or high intensity value. . Several In switching median filter, decision is taken based
nonlinear filtering approaches have been proposed to on threshold; biggest drawback of this approach is
. that suggesting a suitable threshold is difficult [14, 15].
remove salt and pepper noise [1, 2, 3, 4, 5, 6, 7]. S ] ) )
Switching median filter does not take into account the
Median filter (MF) is one such approach which works . . o
thin details present in image
very well for less noisy images, but as the noise . )
density gets increased, MF loses image details due to Because the 1mag.e.quahty degradfas. To overcome
bich i s blurred [8. 9. 10. 121 Wh . these problems decision-based algorithm (DBA) was
which images gets blurred [8, 9, 10, 12] When noise proposed [16]. This algorithm uses a window of 3*3
density cross 50% then standard median filter loses and checks whether pixel under consideration is
much details present in the image. Adaptive median having value 0 or 255 only then processing is done,
filter (AMF) [11] performs well for less noisy image; otherwise it processes next pixel. When noise density
however, as noise density increases then window size is high then most of the pixels in the window will be
has to be increased due to which image gets blurred either 0 or 255 then median value will be either 0 or
255, so noise would spread rather than being reduced.
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At high noise density streaking effect is produced [17].
To remove the streaking effect at high noise density
decision-based unsymmetrical trimmed median filter
was proposed [21, 22]. When noise density is high
then selected window contains all 255 or 0’s or both,
therefore, trimmed median value cannot be obtained.
Therefore, at noise density > 80%, this filter does not
produce better result. Later, to remove the above
drawback at high noise density, Modified Decision-
Based Unsymmetric Trimmed Median Filter
(MDBUTMEF) was proposed [18]. When the selected
window contains all the pixels as either 0 or 255 then
instead of taking mean if we count the number of
pixels with low intensity and number of pixels with
high intensity and later replace the noisy pixel by
bigger of them then better result can be obtained. Our
proposed algorithm wuses this idea along with
boundary  selection approach of boundary
discriminative noise detection (BDND) [15] algorithm,
and it gives better peak signal to noise ratio (PSNR),
structural similarity (SSIM) index, and mean absolute
error (MAE) value than the many existing algorithms.
The organization of this article is as follows: section 2
gives a brief introduction of noise removal algorithms,
section 3 contains the proposed algorithm, section 4
contains experimental results and comparison
analysis, and section 5 concludes the article.

2. LITERATURE REVIEW

In MDBUTMF [18] algorithm, they propose to
remove salt and pepper noise from digital images.
This proposed algorithm, first checks whether the
pixel is noisy or not, and if the pixel value lies between
minimum and maximum gray level, then the pixel is
identified as correct pixel and therefore no processing
will be done for such pixels. The main idea of
algorithm is to check whether the pixel value is 0 or
255, based on which the pixel will be identified as
either noisy or noiseless. Pixels which are found to be
noiseless will be kept intact and remaining corrupted
pixels then undergoes processing. If all the pixels in
current window are either 0 or 255 then the mean of
window will be calculated to restore the noisy pixel;
however, if some of the pixels are having value greater
than 0 and less than 255, then all the 0’s and 255’s are
trimmed from the current window, and from the
remaining pixels median is calculated to restore the
noisy pixel.
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BDND algorithm works in two iterations in which
the invocation of the second iteration is conditional.
Initially, a window of 21*21 is chosen to check
whether the pixel under consideration is noisy or not.
If pixel under processing is found to be corrupt then
2nd iteration will be called to assure that indeed pixel
is corrupted, using window of size 3*3, a more
confined locality. First, the pixels in window size 21*21
are sorted and stored in a vector V, and median is
calculated, and later a difference vector V; is
calculated from the sorted vectorV,. For the pixel
intensities between 0 and median, inV,, maximum
intensity difference in V,; is calculated of the same
range and marks its corresponding pixel in V, as
boundaryb,. Similarly, boundary b, is identified for
pixel valued between median and 255. So in this
manner three clusters are created: if the pixel under
consideration belongs to middle cluster, then it is
classified as uncorrupted pixel and no processing is
needed for that and classification process stops here.
Otherwise 2nd iteration will be invoked and a
window of size 3*3 is chosen centered around the
current pixel and algorithm is repeated. Now, for all
the corrupted pixels standard median filter with
adaptive window size is applied. Window size is kept
3*3 for 20% noise, 5*5 for 21-40% noise, and 7*7 for
greater than 40% noise level.

3. PROPOSED ALGORITHM

Our proposed algorithm works in two phases: in
the first phase, it identifies whether the pixel under
consideration is noisy or not, and in 2nd phase noisy
pixel is restored using the modified decision-based
algorithm (MDBA). Initially, a window of size 17%17 is
chosen and pixels in that window are classified into
three clusters: pixels which are of low intensity placed
in lower cluster, high intensity pixels are placed in
upper cluster, and remaining pixels whose intensity is
neither low nor high are classified in middle cluster. If
current pixel exists in the middle cluster then it is
identified as uncorrupted pixel and its value remains
unchanged, otherwise a new window of size 3*3 is
created to restore the noisy pixel. Detailed steps of

algorithm are given below.
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ALGORITHM

FIRST PHASE

Step1. Select a window of size 17*17, which is centered

at current pixel.

Step 2. Sort all the pixels in current window and obtain
a sorted vector of pixels named S, and calculate

median of vector S,named M.

Step 3. Calculate the intensity difference between all
the adjacent pixels in sorted vector S, and obtained a

new difference vector S,.

Step 4. Pixels having intensity between 0 and median
(M) in sorted vector S, compute the greatest intensity
difference in difference vector S, of the similar range
and its corresponding pixel in sorted vector S, is

marked as boundary B;.

Step 5.Pixels having intensity between median (M) and
255 in sorted vector S, compute the maximum
intensity difference in difference vector S, of similar
range and its corresponding pixel in vector S,is

marked as boundaryB,.

Step 6. Pixels having intensity greater than boundary
B; but less than boundary B, are classified as noise-
free pixels and their pixel value remains unchanged,
however pixels having intensity less than boundary B,
and intensity greater than boundary B, are classified
in lower intensity cluster and upper intensity cluster

respectively.
SECOND PHASE

Step 1. Pixel which is classified as corrupted in first
phase, a new window of size 3*3 is created centered at
current pixel. Suppose this pixel is represented

bypixel;; .

Step 2.if (0 < pixel;; < 255)Then finally that is
treated as noisy-free pixel, otherwise if pixel; =

0 or pixel;; = 255 then further processing is done.
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Step 3. If all the pixels in current window contain 0
and 255 then count how many 0 as well as 255 are
present. After counting compare them and if number
of 0’s are more than 255’s than noisy pixel is restored

by 0 otherwise it is restored by 255.

Step 4.If current window contains some other intensity
values also along with 0’s and 255’s then all 0’s and
255’s are trimmed from the window and then from the
remaining pixels weighted median is calculated to

restore the noisy pixel.

Step 5. Execute the above steps to process the entire
image. Execute the complete algorithm for Ny,
iterations. In general, N, varies from 3 to 5 for
highly corrupted images however at low noise density

Npq Vvaries from 1 to 2..

Let us understand the above algorithm by taking an
example, for convenience we take a window of size

7*7 centered at current pixel.

255 255 50 255 50 255 40

60 100 255 255 O 0 0
0 0 30 90 255 120 255

255 0 255 210 255 O 0

0 0 56 78 100 255 255 |
80 255 37 49 255 O 255/
35 255 0 0 0 255 47

Pixels in the window are sorted in ascending order
and vector S, is calculated and then median (M) 60 is
picked.

S, =[0,0,0,0,0,0,0,0,0,0,0,0,0,0,30,35,37,40,47,49,50,50,56,
60,78,80,90,100,100,120,210,255,255,255,255,255,255,255,
255,255,255,255,255,255,255,255,255,255,255].
Difference vector of pixel intensities is calculated for
all adjacent pixels in sorted vector S,,S; =
[0,0,0,0,0,0,0,0,0,0,0,0,0,30,5,2,3,7,2,2,1,0,6,4,18,2,10,10,0
,20,90,45,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0].

Pixels with intensity between 0 and median (M) in
sorted vector S, the maximum intensity difference is

30 in difference vector S; which is between 0 and 30 in

Page | 413

http://www.ijcert.org



ISSN (Online): 2349-7084

INTERNATIONAL JOURNAL OF COMPUTER ENGINEERING IN RESEARCH TRENDS

VOLUME 2, ISSUE 7, JULY 2015, PP 411-420

vector S,s0 B; = 0. Similarly pixel intensity between
median (M) and 255 the maximum intensity difference
is 90 which is between 120 and 210 in sorted vector
S,50 B, = 120.Now based onB; and B, three clusters
are made and pixels are classified to them. Lower
intensity cluster is [0,0,0,0,0,0,0,0,0,0,0,0,0,0], higher

intensity cluster is

[210,255,255,255,255,255,255,255,255,255,255,255,255,25
5,255,255,255,255,255] and middle intensity cluster is
[30,35,37,40,47,49,50,50,56,60,78,80,90,100,100,120].

Now a window of size 3*3 is created centered at

current pixel.

30 90 255
255 210 255
56 78 100

In current window centered pixel intensity is neither 0
nor 255 so it is un-corrupted pixel and window slides
over the image. Suppose during execution at some

point of time window contains these elements.

0 0 30
255 0 255
0 0 56

Now pixel;; =0 so this pixel is corrupted, window
contains some intensity values including 0 and 255 so
remove the intensity values 0 and 255 and from
remaining pixels intensities calculate weighted
median and replace noisy pixel by weighted median.
While calculating weighted median weights are
assigned to pixels in such a way that pixels which are
close to centered pixel is given more weight and pixels
which are far given lesser weight. To calculate the
distance either standard Euclidean distance or
generalized Minkowski distance can be used.

4. EXPERIMENTAL RESULTS

Our proposed algorithm is tested using various
images of size 512*512 such as Lena, Baboon,
Cameraman, Peppers, and so on. For the performance
evaluation, several matrices such as PSNR, SSIM

index, and MAE have been used at low as well as at
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high noise density and proposed algorithm
outperform the several other existing algorithms.
PSNR, MAE, and SSIM index calculation is given in
equations 1.1, 1.3, and 1.4, respectively.

2552

PSNR = 10 *logyo (). 1.1

Where, MSE refers to mean square error which is

calculated as given in equation 1.1.

_ (Y —Hy)*

MSE N

..1.2

Where,Y; original image and H;; is the de-noised

image, M*N is the size of image.

_ L (Yy—Hy)
M=N

MAE ..1.3
SSIM(Y,H) =

(2xpy*up+C1)**oyy +C3) 1.4
(uy 2 +up 2 +C)*(oy 2+ 2+Cy) e

Where, Y and H are the original and restored image
respectively of same size N*N, and iis counter

variable.

Hy = Xil1 Y15

Uy = £V=1 Hi ..1.6
2 _ 2L (Vimuy)?
oy~ = N—1 1.7
2 _ 2L Hi—up)?
oy~ = —N—l 1.8

N pRe— pe—
O_YH — Zizl(yl I:l’lzi(Hl HH) s 1.9

C; and CyAre constants.

SSIM index has been used to evaluate the image
quality in order to predict the human preference [12,
20].Human visual system (HVS is highly adapted to
perceive the structure of objects from the scene, so
SSIM index provides the measure of good image
quality Maximum image similarity between two

images can be 1 if and only if both
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Table 1 PSNE comparnson for Lena Image Table 2 MAE companson for Lena Image

:[‘iz;se MF  AMF DEA MDEA MDEUTME PA '[‘g:;se MF AMF DBA MDBA MDBUIMF PA
10 3099 2843 3640 3694 3791 5237 10 422 499 218 196 172 0.53
20 2828 2740 3290 3269 3478 4913 20 474 553 305 287 268 1.08
30 2351 2610 3015 3041 3229 4704 30 620 585 372 336 327 1.69
40 1881 2440 2849 2849 3032 4541 40 1001 61 440 412 406 237
50 1512 2340 2641 2652 2318 4371 30 1730 649 519 491 483 334
60 1219 2069 2483 2441 2643 4151 60 2943 671 620 598 585 458
70 970 1480 2264 2247 2430 3856 70 4742 737 778 746 729 5.67
80 788 1176 2032 2044 2170 3480 80 7074 859 1101 1082 1077 6.61
90 636 952 1714 1756 1840 3101 90 9121 115 2789 2756 2741 8.15

Table 3 S5IM index comparison for Lena Image Table 4 55IM index comparison for Peppers Image

Moise MF DEA MDEUTMF PA )
0. Noise - - -
(%4) N MF DEA MDEUTMF PA
10 0065171 0088422 0995201 0995639 (19[';} 0040503 0962796 0992541 0903752
20 0020106 096227 0989430 09008359 ’ i i il
= < - i 20 0908894 009035373 093466 098677
30 0770225 0884744 0982537 0.984003 o S naocon S
10 0513080 091174 0074235 08-006s 30 0774421 0819402 0075028  0.978264
N - 'i" - | L; | - 40 0324026 0671423 0966739 0964236
0 0303169 0914951 0861842 083947 50 0314049 0491558 0936919 0946993
60 0173192 0337023 0852363 0326669 60 0187795 0320784 0044586 094044
70 0.084475 0209600 0033683 091237 70 0.106933 0211472 0525431 0928635
30 0048081 0122030 0898941 0890812 20 0.05000% 0.127649 0800185 0010186
90 002108 0039019 0309983 0843219 on 0027221 0063124 0 78%450 0 RE7488
Tahble 5§ PSNR comparison at 70% noise density for various testimages
Image MF AMF DEA MDEA MDEUTMF PA
Lena o979 1489 2264 2247 2430 3856
Cameraman 0.74 1303 20.84 1907 22.52 3BES
Baboon 102 14 .86 2235 2054 2380 3701

Images are same. Tables 1-4 are shown below
which contains the PSNR, MAE, and SSIM index
value for test images using various algorithms SSIM

noise density for Lena image have been shown in
Table 1, Mean absolute error (MAE) as in equation

1.3 at different noise densities for Lena Image have

index compares the local patterns of pixel intensity
that have been normalized to average intensity [12].

PSNR, as mentioned in equation 1.1, at different

IJCERT © 2015
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been mentioned in Table 2, SSIMmentioned in
equation 1.4 at varying noise level levels for Lena

Image is shown in Table 3, and SSIM index for

Page | 415



ISSN (Online): 2349-7084
INTERNATIONAL JOURNAL OF COMPUTER ENGINEERING IN RESEARCH TRENDS
VOLUME 2, ISSUE 7, JULY 2015, PP 411-420

(c) (d)

Fig 1.a) Cameraman image corrupted with 30% noise density, (b) Output of PA, (c) Output of DBA, (d) Output of
MF, (e) Output of MDBUTME, (f) Original Image
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Peppers image at different noise densities have been
mentioned in Table 4. From the obtained results, we
can conclude that at lower noise density several
algorithms perform well for different matrices, but
as noise density increases above 50%, then many
algorithms do not produce good result.. Our
proposed algorithm produced better results at low
and high noise density.. It also works very well for
color images. Several colored images with different
noise densities were tested on differing parameters.
Later, we have shown the color version of restored
images at varying noise densities using different
algorithms From the Table 2, MAE generated is
more on high noise density by several algorithms;
even MDBUTMEF produced high MAE than AMF at
noise density 80-90%. MDBA, MDBUTMEF produce
relatively equal MAE butMDBUTMF produce less

MAE than MDBA; however, our

algorithm produced least MAE at low as well as

proposed

high noise density. . The efficiency of our proposed
algorithm lies in the fact that number of iterations
required to execute the algorithm for some noise
density level. By performing experimentation, we
found that when noise density is less than 30% then
one round of processing is enough, but as the
density increases from 30 to 50% then at the most
three iterations are required. Further increasing the
noise density up to 70% just 3 iterations are enough
but at 80% noise density, four iterations are
required whereas when the noise density goes
above90%, five iterations of processing is required. .
In each iteration, the number of corrupted pixels

decreased, so more

——MF —B— AMF DEA —— WF —— AMF DBA
VDB A VDBLUTM ROP
i VDB A i MDB UTMF PROPOSED 1“[‘ DEA MOBUTIME PROPOSED
60 00
50 ED
40 i
= 30 w80
i =
=2 = 4
10

10 20 30 40 50 60 70 80 390
MNOISE DENSITY %
Fig. 2.PSNR comparison jor Lena Image at varying noise
density

ME B—DBY == MDBUTMF == PROPOSED

10 20 30 40 50 &0 70 EBOD 90
MNOISE DENSITY %
Fig. 3. MAE comparison for Lena Image af varying noise
density

IMF B—CBY == MDBUTMF =i PROPOSED

1 1
0.8 .
= 0.8
? 0.6 -
“ 04 = 06
0.2 ==
0.4

10 20 20 40 50 &0 70 80 90

NOISE DENSITY *»

10 20 20 60 70 80 90

40 &0
NOISEDENSITY %%

Fig. 4. S55IM index comparison for Lena Inage ai varying noise

density Fig. 5. 55IM indsx comparizon for Psppers Image at varying noizs density
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And more noisy pixels can be restored. Fig. 1 shows
the PSNR value changes over varying noise density
for various algorithms. Fig. 2 shows that as the
noise density cross 50% then several algorithms
generated less PSNR; however, our proposed
algorithm produced highest PSNR.. Several test
images that are corrupted at 70% noise density have
been compared with our proposed algorithm in
terms of PSNR given in Table 5. . It shows that our
proposed algorithm produced better PSNR, and it
does not depend on the nature of image In Figs.4
and 5, we have not used some algorithms which
have been used in PSNR and MAE calculation
because the produced result of those intermediary
algorithms were not so much important, so we
decided to select just a few of them so that
Improvements of algorithms can be seen easily.
Fig.1. is showing cameraman image which is
corrupted at 30% noise density and then processed
by various algorithms. We have shown some color
restored images also for the sake of completeness.
Peppers image corrupted with 90% noise density
and corresponding restored images using various
algorithms have been given in Fig.7. Fig. 6 contains
Baboon image corrupted with 60% noise density
and restored images various algorithms as MEF,
DBA, MDBUTMEF, and proposed algorithm (PA).

5. CONCLUSIONS

This article proposes an efficient algorithm for
removal of salt and pepper noise. Our proposed
algorithm has been tested on various gray scale and
color images and compared with several algorithms
such as MF, AMF, DBA, MDBA, and MDBUTMF
using PSNR, MAE, and SSIM. Tables 1-5 show
performance of our proposed algorithm along with
several other algorithms. Figures 5-7 that are shown at
the end of this article shows output of various
algorithms considered for noise removal including our
proposed algorithm. This algorithm performs better
on gray scale and color images at low and high noise
density. Restored image obtained by proposed
algorithm is having high sharpness. SSIM index is

IJCERT © 2015

calculated for several images, and it is found that at
high noise density proposed algorithm gives highest
SSIM index among the other tested algorithms. Our
proposed algorithm also provides better image
subjective quality compared with other tested
algorithms for salt and pepper noise. Also, it produces
least MAE compared with other algorithms.

Therefore, based on our

Fig. 6.(a) Baboon image corrupted with 60 % noise
density,(b) restored image using MF,(c) restored
image using DBA, (d) processed image using
MDBUTMEF, (e) restored image using PA, (f) original

image
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Fig. 7.(a) Peppers image corrupted with 90 % noise density, (b) o it ?)% o 1I\\Ifls*z,''fz&g'szutput of DBA, (d) Output of MDBUTMF,

(e) Output of PA, (f) Original Image

Results, we can say that proposed algorithm (PA) is an

effective method for fixed valued impulse noise.
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