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ABSTRACT

Both impluse noise and AWGN (additive white Gaussian noise) are easily corrupted into images, during
signal transmission and acquisition. Thus, an algorithm for removing both noises is represented in this paper.
An impulse noise detection step can effectively separate impulse noise with AWGN, then in the noise
filtering step, by using several parameters, not only impulse noise but alsc AWGN can be reduced. The
value of those parameters are automatically changeable when the standard deviation of AWGN, the impulse
noise density, and the spatial distances between pixels are different. Results of computer simulations show
that the proposed approach performs better than other conventional filters.
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| . Introduction

Digital image processing has been greatly
progressed  besides the development of
interrelated  theories and researches. Data
transformation from analog to digital is very
important, and digital images are often corrupted
by impulse noise and additive white Gaussian
noise (AWGN) during signal acquisiion and
transmission. The most fundamental problem in
image processing is how preserving uncorrupted
pixels when removing noisy pixels
simultaneously. The noise removal algorithms
are also applied differently, according to the
types of noise. For AWGN and impulse noise
are mostly representative in all noise models, a
great many researches have been studied to
remove them from degraded images.

Impulse noise is characterized by replacing
original image’s pixel values with extremely high
or low values. Impulse noise is easily introduced
into images during signal transmissions. The
most fundamental algorithm for impulse noise
removal is the median filter. Moreover, for good
edge preserving performance, many algorithms
based on median filter have been studied
actively, and the adaptive switching median filter

(ASM) not only removes impulse noise very well
but also preserves detail information efficiently
at the same time [1]-]3].

Generally, AWGN is systematically superposed
into images during signal acquisition. Besides,
AWGN is characterized by adding to each image
pixel a value from a zero-mean Gaussian
distribution during image acquisition. Ideally,
removing AWGN would involve smoothing
inside the distinct regions of an image without
degrading the sharpness of their edges. And the
mean filter, which is based on calculating the
mean value of pixels in filtering mask as the
output value to replace the centre pixel, is a
representative method in removing AWGN [4].

Although images are usually corrupted by
impulse noise and AWGN, there hasn’t been
much work carried out on building filters that
can effectively remove them both. Though mean
filter or median filter is applicable in complex
noise environment, in case of impulse noise with
large noise density and AWGN with large
standard deviation, the removal image is badly
degraded in feature. So the Trilateral filter was
proposed in order to overcome this problem.
According to more detailed calculation and
separation of weight value parameters, the
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Trilateral filter method presents excellent noise
removal characteristics. However, in regions of
high local noise density corruption, the
effectiveness of impulse noise still is deteriorated.

An image restoration algorithm using variety
weighted parameters was proposed in this paper.
We detected the impulse noise using a threshold
value, earned by calculating the intensity
differences between pixels nearby with each
other in localized window, then used the result
to estimate the variation value of AWGN. The
proposed method removed complex noise with
parameters of weight values by calculating the
intensity difference and the spatial distance
between pixels in filtering mask. We used a test
image corrupted by AWGN as well as impulse
noise with various densities for simulation, and
also used PSNR to evaluate restoration
performance.

II. Conventional Filters

1. Mean filter

Mean filter is the most basic linear type
method for removing AWGN, denoted as (1).
The method replaces center pixel value by
calculating mean value as output value [3].

1
Exk,h

wXw

Yij= (k,l)e.(?};.‘:t (1)

Where, z,,, ¥;,, (i,7), and (k,!) are denoted
as input value, output value and spatial
coordinates of center pixel and adjacent pixels in
filtering mask. Besides wXw and £2), are

represented as the mask size and the region of
the pixels within the mask in (2).

i—(w—1)/2<k< i+(w—1)/2}(2

020, = {k, !

‘ j—(w—1)/2< 1< j+(w—1)/2

2. Median filter

A delegated nonlinear filter which is named as
median filter, can be denoted in equation (3). All
pixels in the mask are arranged into ascending
order, then median value is chosen as the output
value [1].
yi,j——-medjan{mkyl}, (k,l)EQ,':f, (3

3. ASM filter

The adaptive switching median (ASM) filter,
after estimating by the noise detection step only

removes noisy pixels, and filtering mask size can
be adaptively changeable. The method can
decrease the degradation phenomenon by
remaining uncorrupted pixels [2].

m; ;> if fi;=1, M>(wXw)/2
Yi,; = 4

x; ;» otherwise

Where, f; ;=1 means the current pixel is a
impulse noise while f;;=0 means it is an

uncorrupted pixel. And m;; and M are

represented as the median value and the number
of uncorrupted pixels in the mask.

lli. Proposed Algori'thm

The remaining noise or the degradation
phenomenon occurs in  complex  noise
~ environment by using the same weight

parameter. Therefore, in this paper, through the
noise detection step the location of impulse noise
in image was exactly confirmed, and during the
noise filtering step complex noise was removed
by adding different weight values to each pixel
in the filtering mask.

1. Impulse noise detection

In case that the location of impulse noise
would be exactly detect from noisy image, an
more improved noise removal result can be
earned through noise filtering step. So, in' this
paper, after ascending pixels in mask region, the
difference value between sorted pixels is used to
detect the location of impulse noise.

The noisy image corrupted by both impulse
noise and AWGN is denoted in equation (5).

(0, with probability p

r. .=14209, with probability p (5)

l2} ;+n,; ;,  with probability 1—2p

From above, (i,j), =}, z;;, n;;, and p are
expressed as the space coordinates, the value of
original pixel, the value of noisy pixel, the
amplitude of AWGN, and the probability of the
impulse noise respectively. By making the pixels

in the mask in an ascending order, the sequence
z is established as equation (6).

o= {X[1), X[2}, -+, XIN}, (N=wxw) (
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Where, X[n] represents as n-th biggest pixel in
sequence z and the intensity difference between
each pair of adjacent pixels in z is expressed as
equation (7).
Dinl=X[n+1]-Xn], Q=<n=snN-1) (7)
To figure out the boundaries by finding the
maximum intensity differences in two clusters
divided by median value are defined as in
equation (8).
b, =max{D[n]},

(1< n < (V-1)/2)

(8)

b,=max{D(n,|}, ((N+1)/2<n, < N-1)

Where, b,
smaller than the region of median value while b,

is the maximum difference value larger than the
region of median value. If the current pixel
belongs to the cluster b < z; ; <b,, it would be

considered as uncorrupted pixel if fi ;=0. When

it belongs in either of this two clusters
0<z,,;<b or by<z,,; <255, it would be

considered as a noise candidate.

is the maximum difference value

2. Noise filtering

The proposed method, using the standard
deviation estimated in the region without
impulse noise pixels, removed complex noise, the
combination of the impulse weight value, the
AWGN weight value and the spatial distance
weight value.

Other pixels except for impulse noise are
regarded as AWGN in the noisy image, and the
standard of AWGN is expressed as (9).

m,n

> |(u’*L)i,j‘ Wiz, ;)

~ o= ’
O-G‘— _2_' 3

’ Wz, ;)
z',jEzl 1 9)
-1 -1 -1
where L=|-1 8 -—1
-1 -1 -1

Where, L is the Laplacian filter, * represents
the convolution, and (m,n) is the size of whole
image. Besides, W,(z; j) is the impulse weight
value corresponding to the spatial coordinates
(4,7) of image. In case that f; ;=1, the impulse
weight value would be Wz, ;)=0, else it
would be W(z; ;) =1.

From (9), 2(}0 is denoted as the threshold

value about AWGN and the AWGN weight
value Wg(z; ;, ;) between center pixel and

its neighboring pixels is defined as (10).

\ Lii T Tk 1]
W x : 41 :B = e - ; -~ : 10
Az Th 1) XP( 226 ) (10)
And the spatial distance weight value

Wy(z,; ;,x,,) between center pixel and its
neighboring pixels in mask is denoted as (11).

_(i—kﬁ+%j~lﬁ) an

2
207

WS'(Ii,ja mk,z) =exp

Where o is the threshold about spatial distance.
And o0¢=0.5 when current pixel is an impulse
noise as f; ;=1, else g5=5.

In this paper, by the spatial distance weight
value W, the impulse weight value W, and the

AWGN weight value W, the total weight value

W applied between the center pixel and its
neighboring pixels was proposed as in (12).

W(:EM, mk’£)=
(12)
Ws(xi,j’xk,l) WG( Ly §» xk,l) WI( mi,j)

Where, different weight value was applied to
different pixel in the mask, by the spatial
distance between pixels and the type of noise
superposed on the center pixel and its
neighboring pixels. Which means, the weight
value is being decreased while the spatial
distance between pixels increases, large weight
value is applied to AWGN while small weight
value is applied to impulse noise.

At last, the image would be restored in both
impulse noise and AWGN environment by using
equation (13).

Ek,gegl‘:": W(xz',j g xk,i) L1

Yi,i— (13)
Ek,:eg;,w(mi,j’xk,l)
IV. Simulation Results
We used the 512X512 'Peppers" image,

corrupted complexly by impulse noise with
density of 20% and AWGN with the standard
deviation of 10 for the simulation. Besides, the
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(a) iginal image (b) Noisy image

(c) Mean filter (d) Median filter

(e) ASM filter
Fig. 1. Restoration results of noisy image

(impulse noise p=20%, AWGN o =10).

(f) Proposed method
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Fig. 2. PSNR with variation of impulse noise.

peak signal to noise ratio (PSNR) is also
provided to evaluate restoration performance.
The proposed method was compared with
conventional algorithms. Moreover, parts of
enlarging restoration images were represented to
confirm the noise removal effect visually.

The restoration result of "Peppers” image is
shown in Fig. 1. Where (a) is the original image
while (b) is the corrupted image by impulse
noise with the density of 20% and AWGN with
the standard deviation of 10. And (c) to (f) are
the restoration results by the median filter, the
mean filter, the ASM filter and the proposed
method respectively. From the figure, the
blurring phenomenon occurs in edge region
because conventional methods did not remove
AWGN and impulse noise separately. On the
other hand, the proposed method showed a
excellent visual result, by removing the noise
separately while preserving the edge region of
image simultaneously. And Fig. 2 is to compare
the noise removal results by changing the
impulse noise density with 10% to 60% while
fixing the standard deviation of AWGN with 20.
The proposed method shows better PSNR
performance than other methods in any noisy
standard deviation.

V. Conclusion

An image restoration method for separating
and removing AWGN and impulse noise was
proposed in this paper. weighted values in mask
are established more exactly by detecting the
spatial location of impulse noise and calculating
the standard deviation of AWGN.

From the simulation result, the proposed
method separated and removed impulse noise as
well as AWGN while preserving edge regions
simultaneously, and also showed a better PSNR
result. It is believed that the proposed method
would be widely used in many image processing
fields.
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