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Two new methods for removing salt-and-pepper noise
from digital images
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ABSTRACT: In this study, we developed two new alternative methods to enhance images which operate satisfactorily
with high levels of noise in any given window size. We also conducted a test by adding the most frequently used
noise type to the test images of salt-and-pepper noise. The results are compared with other well-known noise remover
methods in the literature such as, standard median filter (SMF) and adaptive median filter (AMF), and much better
results were obtained. For instance, the results of SMF and AMF filters as well as peak signal-to-noise ratio (PSNR) are
33.2 and 29.8 respectively by adding a ratio of 0.1 salt-and-pepper noise to the Lena image. With the new methods,
the results are 41.4 and 41.4. The newly developed methods also generate better results in reducing high volume of
noise. For instance, if a ratio of 0.5 salt-and-pepper noise is applied to a Lena image, PSNR results are 15.22 and 22.78

in SMF and AME and 25.8 and 28.9 with newly developed methods.
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INTRODUCTION

Salt-and-pepper noise was introduced to the images
to test both methods. We checked the quality of the
filters by adding salt-and-pepper noise of 0.1-0.9.
The first filter in which the distances are controlled
by a coefficient is, therefore, assumed to remove
any other noise. Salt-and-pepper noise is commonly
removed using a standard median filter (SMF). In
removal of salt-and-pepper noise, better results have
been obtained in square matrix window sizes where
SMF generates poor results (unlike 3x 3, 5x5).
The underlying reason for developing these algo-
rithms was our foresight to provide flexibility for
SMF algorithm.

Salt-and-pepper noise adjusting pixel values of
the image as the lowest and highest pixel values (0
and 255, for 8 bits) is randomly applied to pixel
values to an image depending upon the level of
percentage. A variety of methods are available for
the removal of this type of noise, and SMF is the
most widely used method.

Adaptive median filter (AMF) developed from
SMF provides better results than SMF. This method,
however, makes an image more blurry, thus mak-
ing the edges to disappear. Many alternative me-
dian filters are available to provide solution to this
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problem. One of the methods offering a solution
is the decision based algorithm (DBA), a sorting
algorithm. It works with a variational method
preserving the fine details in noise removal'. The
following two filters operating just non-defective
pixels and avoiding defective ones were developed:
decision based unsymmetric trimmed median fil-
ter (DBUTMF) and modified decision based un-
symmetric trimmed median filter (MDBUTMF) 23
Another method is BDND where defective pixels
are removed with an EXTERNAL coefficient and
a directional vector is applied to median filter to
remove noise®. Local classification of the pixels
prior to noise removal is another method’. A filter
using histogram to pinpoint a noise was developed
as an alternative to median filter®. Fuzzy set theory
and many others have recently been developed. The
method known as fuzzy-based decision algorithm
in literature (FBDA) was strong in preserving the
details but weak in preserving the edges in high
levels of noise” L.

In the evaluation of the developed methods,
peak signal-to-noise ratio (PSNR) and image en-
hancement factor (IEF) were applied. PSNR is
calculated by determining the pixel discrepancy be-
tween the base picture and the processed picture.

PSNR is defined by mean squared error (MSE).
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MSE is computed from

_

1

3

1 n
MSE = —
mn 4

Il
)
-
Il
o

where I, m x n is the noiseless image and K is the
noisy image. The PSNR is given by

PSNR =10 1 MAX;
=%\ gg )

here, MAX; is the maximum possible pixel value of
the image. When the pixels are represented using
8 bits per sample, this is 255 *2.

Image enhancement factor (IEF) is defined as

DI EICRIS (W)
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In these equations, the size of the original image I is
M x N, and the reconstructed image is K. Moreover,
the noisy pixel is denoted by x 1314,

This study aims to develop two alternative
methods for noise removal from images.

NEW METHODS

The shortcomings of SMF are as follows.

(i) Poor performance in working with high levels of
noise (satisfactory performance in lower levels,
0.1).

(ii) Better performance given the square matrix
(83 x 3, 5 x 5) and unsatisfactory performance in
other windows sizes.

(iii) Flexibility for only the given parameters.

The two filters we are going to develop are
aimed to operate satisfactorily not only with high
levels of noise but also in any given window size.
The filter is aimed to gain flexibility by adding a
value of parameter to the first algorithm.

Many methods operate on defective filters
(0,256 in 8-bit images) avoiding non-defective ones
in removing salt-and-pepper noise. We obtained
better results by controlling all the pixels by means
of a range. Additionally, the developed filter gener-
ates better results in not only salt-and-pepper noise
but also with other types of noise such as Gaussian
and speckle.

The developed methods are to be named as
‘elastic median filter 1’ (EMF1) and ‘elastic median
filter 2 (EMF2).

IEF =

Steps of the algorithm 1 (EMF1)

This algorithm was developed based on calculat-
ing the difference between pixels, and addition of
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Fig. 2 Sorted array.

a coefficient to SMF. In the algorithm, a new
array is created, and the difference between the
middle value and other array elements is found.
The working principle of this algorithm is based on
the comparison of processed pixel where processed
value of the parameter is either added to or removed
from this value.
The steps of the algorithm are as follows:

Step 1: An array is created according to a given
window size. Fig. 1 provides an example for a 3 x 3
array. The pixel in the middle operates as a matrix

A1 = (159,155,255,157, 153,159, 255, 255,0)..
Step 2: Pixels are sorted from lowest to highest.
A2 =(0,153,155,157,159,159, 255,255, 255).

Step 3: A filter variable is created with a given
coefficient. When the window size is [mn] and the
coefficient is 3, then

a=(mn)Pf.
For instance, when ff = 1.8, for Fig. 1,

a=((3)(3)'®~52.

Step 4: The difference between middle values and
other values in the array in Step 2 is calculated.

If a distance is o (sum of the absolute differ-
ences between each pixel and the central pixel),

0 =(159—-0)+(159—153)+(159—155)+ (159 —
157) +(255—159) + (255 —159) + (255 —159),
Step 5: Let processed pixel value be P, (153 for

Fig. 1), and P, for middle pixel value in Fig. 2, we
obtain:

If P,>2P,+a++0 or P,<P,—a—+0,
then

P,=P,.
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Table 1 PSNR and IEF results.
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Lena Peppers
NR PSNR IEF NR PSNR IEF

SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2
0.1 33.2 29.8 414 414 59.8 269 394.7 3929 0.1 31.7 29.6 40.1 40.3 43.3 26.7 301.1 316.1
0.2 29.1 271 374 37.1 46.3 29.2 3129 2914 0.2 28.0 268 36.1 36.7 37.1 28.2 241.6 275.3
0.3 23.6 252 332 339 19.3 284 178.1 209.8 0.3 23.3 25.0 333 342 18.8 27.9 1849 2279
04 189 238 294 31.1 89 273 995 1464 0.4 18.7 23.6 29.7 31.5 8.7 27.2 109.6 166.4
0.5 15.2 228 258 289 4.7 269 54.0 1108 0.5 15.1 226 256 29.2 48 269 53.7 123.1
0.6 124 21.8 219 26.7 29 25.7 264 80.1 0.6 12.2 21.7 21.7 26.8 29 261 263 84.1
0.7 10.0 209 18.2 245 20 241 131 556 0.7 9.9 20.6 17.8 244 20 235 125 57.1
0.8 82 17.7 143 209 1.5 135 6.1 279 0.8 81 179 144 20.6 1.5 144 6.4 269
09 6.7 123 103 164 1.2 4.4 2.7 11.1 09 6.6 1222 103 149 1.2 4.4 2.8 8.2
Cameraman Plane
NR PSNR IEF NR PSNR IEF

SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2
0.1 33.7 30.1 41.6 41.0 71.6 31.6 4456 384.4 0.1 31.7 31.7 40.5 40.7 47.0 47.0 358.3 379.6
0.2 28.6 272 369 36.6 449 325 301.4 2794 0.2 27.6 276 36.1 36.8 36.5 36.5 257.4 306.3
0.3 23.3 255 334 335 19.8 33.0 200.8 206.5 0.3 229 229 329 33.7 18.6 18.6 183.7 225.2
0.4 186 240 294 30.7 8.9 30.8 106.4 143.1 0.4 182 182 288 314 85 85 973 176.7
0.5 149 229 251 28.0 48 29.7 502 963 0.5 146 146 252 289 46 4.6 523 1255
0.6 12.0 21.8 21.6 25.5 29 278 26.7 659 0.6 11.8 11.8 21.2 26.6 29 29 251 878
0.7 9.7 20.7 17.7 22.7 20 251 128 403 0.7 95 95 175 244 20 2.0 126 62.0
08 79 17.7 141 198 1.5 143 6.2 237 08 76 7.6 139 214 1.5 1.5 6.2 35.1
09 63 119 9.9 159 1.2 43 27 107 09 61 6.1 9.8 18.0 1.2 1.2 2.7 18.0
Baboon Bridge
NR PSNR IEF NR PSNR IEF

SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2 SMF AMF EMF1 EMF2
0.1 28.6 29.0 369 369 199 21.6 1324 1323 0.1 264 27.8 348 347 13.0 17.8 89.1 874
0.2 26.3 26.3 328 33.0 229 23.3 103.7 107.7 0.2 24.7 255 312 314 17.5 20.8 77.7 815
0.3 22.7 24.6 30.0 30.5 15.2 234 809 904 0.3 21.7 23.8 285 29.2 13.1 21.0 626 727
0.4 18.6 231 27.1 283 8.0 224 56.2 733 04 181 225 259 273 7.6 209 46.0 64.0
0.5 152 21.9 241 264 45 212 347 596 0.5 148 21.3 23.2 255 44 19.7 31.1 528
0.6 124 20.8 21.0 24.7 28 19.6 20.3 47.7 0.6 12.0 202 20.1 23.7 2.8 185 18.2 41.7
0.7 10.1 194 176 228 20 168 11.0 36.0 0.7 9.8 19.0 17.1 221 2.0 16.3 10.5 33.6
08 83 171 143 208 1.5 11.2 58 257 0.8 79 16.7 13.8 195 1.5 11.1 5.7 21.0
09 69 121 104 17.8 1.2 4.0 2.7 146 09 6.5 117 9.8 16.1 1.2 4.0 2.6 109

Steps of algorithm 2 (EMF2)

Step 1: An array is created according to any given
window size. Fig. 1 provides an example for a 3 x 3
array.

Step 2: Pixels are sorted from lowest to highest.
Step 3: The window size for the filter [mn] is

a=mn.

Step 4: Let processed pixel value be P, (153 for
Fig. 1), and P, for middle pixel value in Fig. 2, we
obtain

If P.2P,+a or P.<P,—a,

then

RESULTS

PSNR and IEF test tools are to be used for algorithm
results. Images of Lena, Peppers, Cameraman,
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Plane, Baboon, Bridge sizing 512 x 512 were used.
Results were obtained according to a = 2.3 for
EMF1 Filter. As 3 x 3 filter size provides the best
results for SME test results for SMF were noted
based on this size. PSNR and IEF results were shown
in Table 1, and graphic results in Fig. 3.

The filters added to images such as noise ratio,
standard medial filter (SMF), adaptive median filter
(AMF), EMF1, the first method we developed, and
EMF2, the second method we developed.

DISCUSSION

This paper offers two novel methods for noise re-
moval in images. Both methods were applied to
6 images with salt-and-pepper noise. All PSNR
and IEF results of the methods to which SMF and
AMF were applied were better than SMF and AMF
methods, especially in the tests where noise levels
are high, much better results were obtained. It
is safe to anticipate that much better results are
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Fig. 3 PSNR Graph, (a) Lena, (b) Peppers, (c) Cameraman, (d) Plane, (e) Baboon, (f) Bridge.

Fig. 4 Lena image quality improvement: (a) 30% noise  Fig. 5 Cameraman image quality improvement: (a) 50%
added (b) SMF output, (c) AMF output, (d) EMF1 output, noise added, (b) SMF output, (c) AMF output, (d) EMF1
(e) EMF2 output, (f) original quality. output, (e) EMF2 output, (f) original quality.
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Fig. 6 Baboon image quality improvement, (a) original
quality, (b) 70% noise added, (c) EMF1 output, (d) EMF2
output.

likely to be obtained with the help of classifications
of pixel selection in the algorithms and statistical
applications. It is anticipated that further research
is to be carried out by applying both methods to
edge detection algorithm. Additionally, these two
novel methods, upon being tested, may also be
used in images in special areas. They may produce
better results in object recognition and detection
applications.
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