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Abstract — Generally the removal process of impulse noise
from digital images tends to be difficult due to the uncertain
nature of impulse noise. Understanding the uncertainty of
impulse noise is also difficult. Recently, Cloud model (CM
Filter) filtering has been used to remove the impulse noise in
order to get the better output image in denoising process. But
CM filtering and other older methods which are used for the
impulse noise removal are not upto the requirements due to
time elapsing and moderate improvement in PSNR values. In
order to get the better PSNR of output image within a short
duration, an algorithm namely Weighted Square Masking
(WSM) has been proposed in this paper. This WSM filtering
method uses the fuzzy mean filter as a part of it. An image
which is affected more than 90% of impulse noise can also be
recovered effectively by using this WSM filtering.

Keywords — CM Filter, Fuzzy Means Filter, Impulse Noise,
Random Circle Masking, Cloud Model Filtering.

I. INTRODUCTION

The basic model which can give the fact of impulse
noise in digital transmission, is given in the equation (1),

I=(1-e)0+ &N Q)

In equation (1), the original image pixel is represented
by O and N denotes the noisy pixel. Similarly, & gives
erroneous value and finally | provides the impulse noise
affected image [9].

Impulse noise replaces the original pixel value into
either fixed value or random value. If the replaced value
fixed like O or 255, then it can be termed as fixed value
impulse noise. For example, salt and pepper noise is a
fixed value impulse noise.

The uncertain nature of the random value impulse noise
is higher when compared to the fixed value impulse noise.
Since 1990, several methods have been proposed to
improve the denoising level of the filtering but they have
not reached the satisfactory mark [12].

Initially, a simple median filtering was designed to
remove the impulse noise. This filter is a technique which
operates nonlinearly in order to remove the noise. It was
used as pre processing technique which improves the
results in post processing techniques such as edge
detection [5]. At that point of time period, this simple
median filter was used in various image processing
applications.

A progressive switching median filtering technique had
been developed later to retrieve the digital images which
were affected by fixed impulse noise such as salt and
pepper noise. This method has a preprocessing step
namely switching scheme which is used to filter a part of
image pixels [8]. After that progressive method was
developed for processing the noisy pixels through several
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iterations. It suits only for the low density noisy images
which are affected by fixed value impulse noises.

The adaptive median filtering is an advancement of
standard median filtering. This algorithm uses spatial
filtering and smoothing process for denoising [11]. The
only benefit of this methodology is the partial preservation
of the edges which provides little improvement in PSNR
value of output images.

The CWM filter which can be expanded as center
weighted median filter which gives more importance i.e.
weight to the center pixel of every window [2]. This filter
can be used not only for impulse noise affected images but
also to remove the white Gaussian noise. Due to the
allotment of highest value to center pixel, this process is
easy to implement and also for processing but PSNR
values are not upto requirement.

The multi-state median (MSM) filter is the improvement
of CWM filter which has difference in its center weights.
In this, the varying center weights are depending on the
local signal statistics [4]. The evaluation of the efficiency
of this filter can be calculated by simulation process.

A method called pixel wise MAD was developed later
for impulse noise removal. Here a parameter called
median of the absolute deviations from the median — MAD
is calculated [15]. This MAD parameter is used for the
separation of image pixels from noisy pixels. This filter
does not require any stored parameters or optimization
technique. It can be used to remove both types of impulse
noise. This method is easy to implement and better in
process compared to previous methods.

After pixel wise MAD, a two-stage iterative method to
remove random-valued impulse noise was developed. This
method has two stages. In first stage, adaptive center
weighted median filter is used to find out the noisy pixels.
In the second stage, the noise candidates which are found
out in the first stage are restored by the use of a detail-
preserving regularization method and it also preserves the
edges and uncorrupted pixels [14]. Alternatively, the
above two stages were processed.

The logistic method [10] of impulse noise removal
initially identifies the corrupted pixels from the image
which is affected by random valued impulse noise. The
pixels are compared with its neighbor pixels with respect
to intensity. The different pixels were identified from the
similar neighbors [7]. It was mainly used to remove the
Gaussian noise and partly removes impulse noise.

Il. CLouD MODEL FILTER

Recently, a filter named cloud model filter has been
proposed and is used to detect and remove the impulse
noise from digital images. It is a cognitive method which
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is based on natural language cognitive model. This process
is working with the combination of the fuzziness and
randomness [16]. It creates an intermapping between the
qualitative and quantitative information. The cloud model
process is based on the three parameters for qualitative
concept. They can be given as the expected value EX, the
entropy En and hyper entropy He.

3 L. Cloud Expectation Curve |

gL

Fig.1. Cloud C (0, 2, 0.3).

The expectation of cloud drop distribution in the domain
is termed as the expected value Ex. This parameter Ex
finds out the drops which provide better details. The
uncertainty measurement of the qualitative concept is
denoted as En [6]. It gives the fuzziness and randomness
of the model. The value region can be given by the use of
En of the drops which are acceptable by the concept. This
parameter also reflects the correlation of the fuzziness and
randomness of the cloud model.

The third parameter He is the uncertainty measurement
based on entropy value En. For example, a cloud can be
denoted as C(Ex=0, En=2, He=0.3). This cloud can be
given by the above Fig. 1.

The cloud has been developed by combination of the
drops. The probability of certainty increases when the
drops are approaching Ex. 99.99% of the whole gquantity
has been taken by the drops which are occurring within the
region [Ex-3En, Ex+3En]. This region is contributing
99.74% of the cloud model.
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Fig.2. Calculated cloud that represents the observed
neighborhood.

The contribution of the drops which are presented
outside the region [Ex-3En, Ex+3En] can be neglected.
This is known as “The 3En rule” [1].

A curve will be produced due to all the drops and the
expectations of certainty degrees due to that drops [1].
This curve is termed as CEC (cloud expectation curve).
The Fig.1. is an example for CEC with cloud C(Ex=0,
En=2, He=0.3).

Let us consider an example pixel window which is in
Fig.2. to know the details about certainty degrees. In Fig.2,
CG represents the cloud model generator [3] and Fig.3.
gives the produced cloud curve. Table 1 provides the
certainty degrees for the uncertainty detection.
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Fig.3. Cloud C (105.7, 44.9, 47.8) represents the
neighborhood in Fig 2.

The Table shows that the certainty degrees for 0 and 255
are less compared to the certainty degrees of the other
values. The overall cloud model process can be
represented by the block diagram in Fig. 4.

Calculation of
EX and EN

Reading the pixels
values of input Image

Caleulation of wmax
and wmin

Current pixel 1
affected andkept asit IEE—
18
Fig.4. Impulse noise removal process based on cloud
model

Repeat the steps for
remaining pixel

The block diagram shows that the first step is to take a
pixel to check whether it is affected by impulse noise.
Then Ex and En values are calculated. With the use of
these Ex and En, the calculation of wmax and wmin are
carried out [13].

Table 1: Representation of certainty degree of each pixel

Gray value Certainty degree

111 0.99298

98 0.99298

89 0.93352
110 0.99536
255 0.00400

85 0.89963
108 0.99865

95 0.97222

0 0.06297

And then the condition wmax<x<wmin is checked out.
If the taken pixels satisfy this condition then the pixel will
be remain unchanged. If the taken pixel value does not
satisfy the condition, then the WFM filtering process will
be carried out. From this process, mean weight will be
calculated for the current pixel and that mean weight will
replace that current noisy pixel.
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I1l. WEIGHTED SQUARE MASKING FILTER

In this paper, Weighted Square Masking filter (WSM)
has been proposed. The WSM filter can be carried out
with the use of square vectors. The Weighted Square
Masking filter has two main steps i.e. square vector
calculation and weighted fuzzy mean filtering.

In Weighted Square Masking filter, the detection
process is carried out with the use of square vector
calculation and similarity parameter analysis. After that,
the weighted fuzzy analysis will be used for filtering if
necessary. The Weighted Square Masking filtering process
is carried out as in the Fig. 5.

A. Square Vector Calculation

At first, a pixel is taken for the process of denoising.
After that, n*n window will be taken in order to keep the
current pixel as center pixel.

As shown in Fig. 6. Four vectors will be taken which are
through the center pixel and the four square vectors which
are the outline pixels of the n*n window. Each and every
red line will produce a vector which can be denoted from
D1 to D8. These eight vectors can be given as follows,

D1 = [102 209 102 118 105 6 108 108 109]
D2 = [131 100 89 106 105 102 180 98 34]
D3 = [232 37 228 102 105 103 138 74 197]
D4 = [100 100 102 103 105 107 22 95 108]
D5 = [102 149 103 106 232 106 109 115]
D6 = [131 115 112 110 108 108 109 110]
D7 = [109 68 107 34 197 99 101 128]
D8 = [34 98 100 39 100 58 29 5]

Reading pixels of —

the input image

Similarity parameter S
Calculation

Remained
same

rem nung pixels
Fig.5. Pseudo random noise masking based impulse noise
removal

In the next step, the center pixel in the first four vectors
will be neglected. Hence we will have eight pixels in each
vector set as follows,

D1 = [102 209 102 118 6 108 108 109]
D2 = [131 100 89 106 102 180 98  34]
D3 = [232 37 228 102 103 138 74 197]
D4 = [100 100 102 103 107 22 95 108]
D5 = [102 149 103 106 232 106 109 115]
D6 = [131 115 112 110 108 108 109 110]
D7 = [109 68 107 34 197 99 101 128]
D8 =[34 98 100 39 100 58 29 5]
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Fig.6. Identification of directional vectors

In the third step, the pixels in each vector set are aligned
in ascending order i.e. from smallest to largest values.
After neglecting the largest and smallest pixels, the vectors
are,

RL = [102 102 108 108 109 118]
R2 = [89 98 100 102 106 131]
R3 = [ 74 102 103 138 197 228]
R4 = [95 100 100 102 103 107]
R5 = [103 106 106 109 115 149]
R6 = [108 109 110 110 112 115]
R7 = [68 99 101 107 109 128]
R8 = [29 34 39 58 98 100]

B. Welghted Fuzzy Analysis

In the second stage, the similarity parameter calculation
is carried out. To calculate the Similarity parameter S, we
need the direction to process which should be optimum.

It is necessary to calculate the standard deviations of all
vector sets. So the calculated standard deviation functions
can be given as,

STD1=std([102 102 108 108 109  118])
STD2=std([ 89 98 100 102 106  131])
STD3=std([ 74 102 103 138 197  228])
STD4=std(f 95 100 100 102 103  107])
STD5=std([103 106 106 109 115  149])
STD6=std([108 ~ 109 110 110 112  115])
STD7=std(f 68 99 101 107 109  128])
STD8=std([ 29 34 39 58 98 100])

From all calculated standard deviation values, the
smallest value set direction will be the required direction
to find out the similarity Index.

Similarity index parameter S is calculated using the
equation which is given below.

(Pop — Kcp)
5= ), avs ()

Where, Kcp-current pixel under process
Pop—Pixels in the optimum direction

@
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The identification of noisy pixel is important step and
this can be carried with the help of threshold value T. The
threshold value should be in a particular limit which
depends on the size of the taken window. It also depends
on the similarity parameter S. The threshold value T is
used to find the noisy pixels.
Pout — {Po ,if SeT,(0 =T =x—3)
Pn else (3)

Where, Po - original pixel; Pn - noisy pixel

The equation 3 is used to find out the noisy pixel. If the
current pixel is found to be noisy, then the weighted fuzzy
mean filter process will replace the noisy pixel with its
weight. This process is continued for all the pixels in the
taken input digital image.

IV. SIMULATION RESULTS

The PSNR value comparison is carried out to evaluate
the performance efficiency of the Weighted Square
Masking filter. The WSM filtering algorithm has been
applied on the Lena digital images color and gray. The
images are shown in the following Fig 7 and 8.

Fig.7. Execution of WSM filter - Removal of impulse
noise from lena gray 7(a) Original image 7(b) noisy image
7(c) Denoised image

(©)
Fig.8. Execution of WSM filter - Removal of impulse
noise from lena colour 8(a) Original image 8(b) noisy
image 8(c) Denoised image
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The Table Il represents the various values of mean
square errors (MSEs) for cloud model and also for
Weighted Square Masking filter. Table. Il shows the
comparison of cloud model filtering with the proposed
WSM filtering based on the PSNR values for basic lena
gray and lena colour images.

Table 1I: Performance comparison - MSE

Noise Lena gray Lena colour
density
(%) CM WSM CM WSM

10 767.913 7.6407 619.507 7.5930
1.4726 1.2068

20 6+003 9.5695 0+003 9.4801
2.1333 1.7393

30 04003 12.9226 04003 12.5509
2.7902 2.2324

40 04003 17.3906 04003 17.4790

Table I11: Performance comparison - PSNR

Noise density | Lenagray Lena colour

(%) CM | WSM CM | WSM
10 4434 78.59 46.45 78.65
20 37.69 76.64 40.11 76.72
30 33.94 74.03 36.24 74.28
40 31.36 71.45 33.66 71.41

The above Table Il shows the application of cloud
model and WSM filtering with various noise levels. This
clearly shows the great improvement in PSNR values
when compared to cloud model.

IV. CONCLUSION

The removal of impulse noise that too particularly
random valued impulse noise from digital images in
digital transmission can be improved with the use of WSM
filtering. Since last two decades lot of methods to remove
the impulse noise from digital images have been proposed.
But the level of performance was not up to the
requirement.

The Weighted Square Masking filter can produce much
better results when compared to other methods. From the
use of this method the originality level up to 98% can be
retrieved.

In future, the proposed WSM filter can be improved to
recover the various types of noises from digital images.

ACKNOWLEDGMENT

The authors would like to thank the members of Sona
SIPRO, Sona Signal and Image Processing Research
Centre for their constant support and encouragement
throughout the entire process of this work. The authors
would also like to thank Dr.R.Venkatasamy, Principal,

Copyright © 2014 1JECCE, All right reserved

252



IJECCE
Saveetha Engineering College and Dr.V.Jayaprakash

Principal, Sona College of Technology for their continued
inspiration in carrying out this work.

REFERENCES

[1] Zhe Zhou “Cognition and Removal of Impulse Noise With
Uncertainty” [EEE transactions on image processing, vol. 21,
no. 7, july 2012.

[2] T. Chen and H. R. Wu (2001) “Adaptive impulse detection using
center weighted median filters,” IEEE Signal Process. Lett., vol.
8, no. 1, pp. 1-3.

[3] Y.-L. Qi, “Classification for trademark image based on normal
cloud model,” in Proc. IEEE Int. Conf. Inf. Manag., Innovat.
Manag. Ind Eng., Dec. 2009, vol. 3, pp. 74-77.

[4] T. Chen, K. K. Ma, and L. H. Chen (1999) “Tri-state median
filter for image denoising,” IEEE Trans. Image Process., vol. 8,
no. 12, pp. 1834-1838.

[5] P. Trahanias and A. N. Venetsanopoulos (1993) “Vector
directional filters—A new class of multichannel image process
filters,” IEEE Trans. Image Process., vol. 2, no. 4, pp. 528-534.

[6] H. Chen and B. Li, “Qualitative rules mining and reasoning
based on cloud model,” in Proc. IEEE Int. Conf. Softw. Eng.
Data Min., Jun.2010, pp. 523-526.

[7] F. Estrada, D. Fleet, and A. Jepson (2009) “Stochastic image
denoising,” in BMVC, 2009, pp. 1-11.

[8] Z. Wang and D. Zhang (1999) “Progressive switching median
filter for the removal of impulse noise from highly corrupted
images, ” IEEE Trans. Circuits Syst. I, vol. 46, no. 1, pp. 78-80.

[9] H. Yu, L. Zhao, and H. Wang (2008) “An efficient procedure for
removing random—Valued impulse noise in images,” IEEE
Signal Process. Lett., vol. 15, no. 1, pp. 922-925.

[10] Y. Dong, R. H. Chan, and S. Xu (2007) “A detection statistic for
random valued impulse noise,” IEEE Trans. Image Process., vol.
16, no. 4, pp. 1112-1120.

[11] W. Luo and D. Dang (2007) “A new directional weighted
median filter for removal of random-valued impulse noise,”
IEEE Signal Process. Lett.,vol. 14, no. 3, pp. 193-196.

[12]  J.-F. Cai, R. H. Chan, and M. Nikolova (2010) “Fast two-phase
image deblurring under impulse noise,” J. Math. Imag. Vis., vol.
36, no. 1, pp. 46-53.

[13] R. Garnett, T. Huegerich, C. Chui, and W.-J. He (2005) “A
universal noise removal algorithm with an impulse detector,”
IEEE Trans. Image Process., vol. 14, no. 11, pp. 1747-1754.

[14] R.H.Chan, C. Hu, and M. Nikolova, “An iterative procedure for
removing random-valued impulse noise, ” IEEE Signal Process.
Lett., vol. 11, no. 12, pp. 921-924, Dec. 2004.

[15] V. Crnojevi¢, V. Senk, and Z. Trpovski, “Advanced impulse
detection based on pixel-wise MAD,” IEEE Signal Process.
Lett., vol. 11, no. 7, pp. 589-592, Jul. 2004.

[16] Y. Q. Shi and X. C. Yu, “Image segmentation algorithm based
on cloud model the application of fMRL” in Proc. IEEE Int.
Conf. Intell.Comput. Technol. Autom., Oct. 2008, vol. 2, pp.
136-140.

AUTHORS PROFILE

Prof. R. Gayathri

M.E., MIETE.,(Ph.D)

2 is currently working as Associate Professor in
Electronics and Communication  Engineering
Department in Saveetha Engineering College,
Chennai, Tamil Nadu. She is having more than 14
years of teaching experience in various Engineering
colleges and Deemed universities. She completed her Bachelor of
Engineering in Electronics and Communication Engineering in
Manonmaniam Sundaranar University and Master of Engineering in
Communication Systems in Anna University, Chennai. Presently she is
pursuing PhD in Digital Image processing in Anna University,
Chennai.She has been honored by number of awards like Tamil Nadu
State Talent Award, Arignar Anna Award, and Kalai Kavalar Award for
best academic performances. She is an active member of IETE,

International Journal of Electronics Communication and Computer Engineering
Volume 5, Issue 1, ISSN (Online): 2249-071X, ISSN (Print): 2278-4209

Institution of Electronics and Telecommunication Engineers. She had
been elected the Honorary Secretary of IETE Salem Sub Centre for 4
years from 2008 to 2012. She had been invited as the chief Guest and
keynote speaker for number of National Seminars and Symposiums. Prof.
R. Gayathri had been the Technical committee and Advisory Committee
member for National Conferences. She has delivered lot of Guest lectures
on Digital Image Processing. She has conducted workshops on Matlab
and Scilab for Engineering Faculty and Students of various Colleges. Her
area of interest includes Digital Image Processing, Image Denoising and
Communication Systems.

Dr. R.S. Sabeenian

is currently working as a Professor in ECE
Department in Sona College of Technology, Salem,
Tamil Nadu, and India. He received his Bachelors in
Engineering from Madras University and his Masters
in Engineering in Communication Systems from
Madurai Kamaraj University. He received his Ph.D.
Degree from Anna University, Chennai in the year 2009 in the area of
Digital Image processing. He is currently heading the research group
named Sona SIPRO (SONA Signal and Image PROcessing Research
Centre) centre located at the Advanced Research Centre in Sona College
of Technology, Salem. He has published more than 65 research papers in
various International, National Journals and Conferences. He received the
“Best Faculty Award” among Tamil Nadu, Karnataka and Kerala states
for the year 2009 given by the Nehru Group of Institutions, Coimbatore
and the “Best Innovative Project Award” from the Indian National
Academy of Engineering, New Delhi for the year 2009 and “ISTE
Rajarambapu Patil National Award” for Promising Engineering Teacher
for Creative Work done in Technical Education for the year 2010 from
ISTE.

Copyright © 2014 1JECCE, All right reserved
253



