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Abstract

This paper presents an efficient adaptive filter, to remove impulse noise from X-ray images. This fil-
ter has two stages. At the first stage, based on the intensity value, the pixels are classified into two
classes, which are noisy pixels and noise- free pixels, the noisy pixels are only processed and the
noise-free pixels remain unchanged. In this method the size of window is adaptively changed and the
edges and details are preserves, hence for the replacing noisy pixels, two issues are considered the
noise-free pixels and the level of noise in an image. The result from 50 test X-ray images showed

that this method is promising to remove the impulse noise from X-ray images.
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1. INTRODUCTION

Medical imaging plays a pivotal role in radiolog-
ical sciences to present structures of the human
body. From imaging we get valuable information
to evaluate the treatment of organs. Medical im-
aging is a crucial diagnostic tool to analyze dif-
ferent parts of the body such as bones and soft
tissue. One of the medical imagings is the X-ray
imaging .The X-rays were discovered in 1895and
because of their penetrating ability were used for
imaging the human body [1]. Errors in sensors or
A/D converter may cause impulsive noises in
radiographies. The impulsive noise poses prob-
lem not only in edge detection and feature recog-
nition but also in hospital and clinical practice
which leads to studying images subjectively by
human [2]. Many techniques have been intro-
duced to separate information from noisy signals
and these techniques adapted to two dimensions
for images. Linear methods have a lower cost of
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computation while using them smooths out the
edges [3].The median filter is a nonlinear filter
and is superior to linear filter. To calculate The
median filter for an image we move window over
an image and the output is the median of the
window [4],[5],[6].The power to remove noise
and computational efficiency make the median
filter ideal to remove the impulse noise, but
when the noise level is over 50%, some details
and edges will be lost [7].The typical median fil-
ter for images changes both corrupted pixels and
uncorrupted pixels. Accordingly, the image will
be blurred [8]. The adaptive median filter is a
kind of median filter which has shown better re-
sults. Unlike the median this one has a classifica-
tion part which primarily classifies the pixels in
to two groups: 1. corrupted pixels 2. uncorrupted
pixels and just filter out the corrupted pixels. In
adaptive median filter size of the window can
increases at the presence of higher level noises.
In fact, the window size depends on the level of
noise in an image. This filter is superior to the
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median filter. However, suffers from poor results,
when the level of the noise is high [9]. Different
filter techniques have been proposed to remove
the impulsive noise. Namely, the generalized
trimmed mean filter [10], the generalized mor-
phological filter [11], the homomorphic and
adaptive order statistics filter [12], these filters
have poor results at the presence of the high level
of noise. In recent years some methods have been
proposed: the wavelet filters [13,14] the fuzzy
algorithms [15,16], and the neural networks tech-
nique [17]. These methods have better results
with respect to the median filter, while they suf-
fer from the costs of computation, the training
database, and the long processing time. In anoth-
er research, a method has been introduced which
is based on adaptive median filter and performs a
better result comparing with the adaptive median
filter. In this method the window increases until it
finds at least one noise free pixel in the window
and in this window the noisy pixel is replaced by
the pixel which is the nearest to the adaptive me-
dian [18]. In this paper, a new Impulsive noise
removal method based on median filter is pro-
posed to restore X-Ray images corrupted by
fixed-valued impulse noise. First, the pixels are
classified into two classes: 1. Noisy pixels 2.
Noise free pixels and then only noisy pixels will
be processed and the noise free pixels remain
unchanged. The window size in this work is
adaptive and will increase in high level noises by
the threshold which depends on the size of the
window and noise free pixels in window, the ad-
aptation which is automatic. There is one pa-
rameter should be given manually and this pa-
rameter depends on the noise level, which is giv-
en in section 2.

This paper is organized as follows. In section
2 we explain the proposed method in details. In
section 3 we provide our experimental result sub-
jectively and objectively and the discussions. Fi-
nally, the conclusion of our study is provided.

2. THE PROPOSED METHOD
Let I (X, Y),V(X, y) , andY (X Y) denote origi-
nal , corrupted, and noise-removed images re-

spectively, where x and y are their spatial index-
es, and X and Y are their sizes.

Ly =1(x.Y)
Viy =V(xy)
1<x<X,1<y<Y

)

For distinguishing, the corrupted image may be
modeled as mentioned below:

Hy:V,, =l

X,y

2
H, :vay =

n,,+ vay

Where Hoand leepresent original and cor-
rupted pixels respectively.

The proposed method provides the ability to
preserve the edge after noise-removing process.
Noise detection is a vital process to provide bet-
ter medicine assessments in the X-Ray images.
The proposed algorithm has two stages: 1) noise
detection 2) filtering. The filtering part uses two
conditions: 1) the relation between the number of
noise free pixels and the size of the window.2)
during facing a noisy window, the relation be-
tween the parameter g and size of the window will
be considered. Where the parameter of g has been
used to distinguish the tissue and background of
the x-ray images from the noisy pixels. Because
the noisy pixels and the tissues and the back
ground take either O or 255 in the x-ray images.

The value of g should be given manually and
its value depends on the level of the noise in the
image. According to our experimental result the
suitable value for g at the noise level of 0% to
30% could be 3 or 5 and at the noise level of 30%
to 60% could be 3,5 0or 7.

The below diagram represents our method:
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size of K centered at (%, ¥)
Qy, = {m,n): Im-x <k,and,ly-n <k} (3)

Let ACX% Y) e the detection ratio which is
modeled as you see below:

1:V(x,y) =255
A(X,y)=<1:V(x,y)=0 (4)
0:else
nzkz_MMax_MMin (®)

Where 7 is the number of noise free pixels in

k
the window of 2 , and Muaxand Mwinare the
numbers of those pixels with the value of 0 and

255 respectively.

2
— (6)
2
(6) Represents the second condition of the
noise cancelation process.
G(x, y) = Med {Qi,y} (7
(7) Represents the median of the window of
k
Qxyy.

n=z

Where G(X ¥) is the value that we calculate in

the noise cancelation process and also Y (%)
can be simplified in the below equation:
(X, y): A(x,y)=0
u(x,y)= { , ()
G(x,y):Ax,y)=1
It should be noted that, when two conditions
of the noise cancelation process are not satisfied,

the window will be increased to the next odd
number.

3. EXPERIMENTAL RESULT

In this section, the visual image quality and quan-
titative measures are used to evaluate our meth-
od. In order to show the performance of our
method, we also implemented the other methods:
the method proposed by Jain [6], by Hwang and
Hadad [9], and, by singh and mehrotra [18] .

In this work, we use 50 X-Ray images from
different parts of the human body. Samples of
these images are shown in Fig.2 (a), Fig.3 (a),
and Fig.4 (a). To examine the performance of
methods we contaminate the images with fixed-
valued impulsive noise (i.e. “salt& pepper" noise)
and in our examination we increase the noise lev-



40 Mirzabagheri. A New adaptive method for removing impulse noise from medical images

el from the density of 5% to 60%. The results are (root mean square error (RMSE) and peak signal
presented in terms of subjectivity and objectivity noise ratio (PSNR)).
1 X AxY -1
MSE = v 2 DoV O Y) = 1%, )T (10)
1 XY -1 2
RMSE = \/W ZX:O Zy:O[LJ (X, y) -1 (X! y)] (11)
255° 255
PSNR =101lo =20log(——— (12)
« MSE) « RMSE)

(© (d)

() ()
Figure.2.”X-ray Image of a hand” (a) The original image. (b) The image corrupted by 40% noise. (c) The image
from method [6].(d)The image from method [9].(e) The image from method [18].(f) The image from our method .
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(a) (b)

(c) (d)

() ()
Figure.3”The X-ray Image of an elbow” (a) The original image. (b) The image corrupted by 50% noise. (c) The
image from method [6].(d) The image from method [9].(e)The image from method [18].(f) The image from our
method .
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() )
Figure .4.”’X-ray Image of chest” (a) original image. (b) Image corrupted by 60% noise. (c) Image from method
[6].(d) Image from method [9].(e) Image from method [18].(f) Image from our method .
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Figure .5.0bjective result of X-ray image of hand.(a)shows the PSNR_Noise.(b)shows the RMSE_Noise.
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Figure.7.The objective result of X-ray image of chest.(a)shows the PSNR_Noise.(b)shows the RMSE_Noise.

Fig.2 represents the results derived from dif-
ferent methods for the X-Ray image of hand that
is corrupted by 40% of impulsive noise, which is
a quit low noise level. Based on the images, all
methods can preservedges successfully, although,
method [6] smooths out a little the edges. We see
that the method [9] and the method [18] degraded
a little the edges, but our method could preserve
the edges very well at this noise level.

We can also understand this objectively by
seeing the Fig.5 and see that our method has the
most PSNR and the least RMSE.

Fig.3 shows the result from different methods
for the X-Ray image of elbow, which is contami-
nated by 50% of impulsive noise. This noise level
is considerably high. The method [6] could not
preserve the details and blurred the image. From
the images, we see that there are distortions in the
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edges of images that are the output of the method
[9] and the method [18]. Our method preserves
the edge better than these methods and from the
Fig.6 like Fig.6 our method has the most PSNR
and the least RMSE.

Fig.4 shows that the method [6] smooths out
the edges considerably and the details are lost.
The method [9] and the method [18] failed to
preserve edges and there are relatively high dis-
tortions in the edges of their images. However,
our method could preserve edges better and there
are less distortions in the image of our method.
Form the Fig.7; we can see objectively our better
results regarding other methods.

4. CONCLUSION

This paper presents a new method to remove im-
pulse noise from low to high corrupted X-ray
images. The technique has the advantages of not
requiring to data-base and previous training. To
preserve details and edges the window size is
adaptable to the noise-free pixels and the noise
level in an image. Experimental result shows that
this filter can remove impulse noise efficiently
and preserve details well.
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