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ABSTRACT

Preprocessing is done on the CT image of lung for removal of
noise. A fuzzy filter is presented for the noise reduction of
medical images corrupted with additive noise. The filter
operation involves two stages. The first stage computes a fuzzy
derivative for eight different directions. The second stage uses
these fuzzy derivatives to perform smoothing with the
fuzzification and De fuzzification operations along by weighting
the contributions of neighboring pixel values. Both stages are
based on fuzzy rules. The filter can be applied iteratively to
effectively reduce heavy noise. In particular, the shape of the
membership functions is adapted according to the remaining
noise level after each iteration, making use of the distribution of
the homogeneity in the image.

1. INTRODUCTION

Medical imaging is the technique that is used to create images
of the human body (or parts and function thereof) for clinical
purposes (medical procedures seeking to reveal, diagnose or
examine disease) or medical science (including the study of
normal anatomy and physiology)[3]. The CT images offer
detailed information of lung cavities, which could be used for
better surgical planning of treating Lung Cancer. Preprocessing
is done to remove the noise from the isotropic CT image. The
structure of the human lungs is shown here.
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Fig 1: Structure of human lungs
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Many existing methods are there for preprocessing. Filtering is
the most fundamental operation in image processing and
computer vision. The filtered image at a given location is a
function of values of the input image in a small neighborhood of
the same location. Assuming that images vary slowly over
space, near pixels is likely to have similar values. But this
assumption fails at regions that contain edges and image details
(e.g. corners, lines, end of lines etc.) Most of the classical linear
filters like the averaging low pass filters tend to blur and destroy
the lines, edges and other fine image details

Wiener filter [2] is an optimization filter aimed to minimize the
mean square error between the original image and the filtered
counterpart. Since noise in CT images follows the Poisson
distribution, which can be approximated using a Gaussian
distribution for large number of occurrences. Fuzzy image
processing [4] is the collection of all approaches that understand,
represent and process the images, their segments and feature as
fuzzy sets. The representation and processing depend on the
selected fuzzy technique and on the problem to be solved. Fuzzy
image processing involves three main stages. Image
fuzzification, Membership modification, Image defuzzification.
Fuzzy image processing using fuzzy techniques plays a very
important role in image processing. Fuzzy techniques are
important and powerful tools for knowledge representation and
processing, and also managing the subjectivity and uncertainty
very efficiently. The three important areas that are not perfect
are Greyness ambiguity, Geometrical fuzziness, vague
knowledge. Fuzzy Geometry, measures of Fuzziness and image
information, fuzzy inference systems, fuzzy clustering, Fuzzy
mathematical morphology, fuzzy measure theory, Fuzzy
Grammars, neural fuzzy are some of important theoretical
components of fuzzy image processing scheme.

Median filtering is similar to using an averaging filter, in that
each output pixel is set to an average of the pixel values in the
neighborhood of the corresponding input pixel. However, with
median filtering, the value of an output pixel is determined by
the median of the neighborhood pixels, rather than the mean.
Median filtering is a specific case of order-statistic filtering, also
known as rank filtering. The second order statistical filter can
also be used. However the peak signal to noise ratio of these
filters is low. In the proposed method, fuzzy filtering [1] can be
used which is having high peak signal to noise ratio. A recursive
fuzzy filtering technique [5] is presented to reduce additive
Gaussian noise from color images using YIQ space. An
adaptation scheme is developed to adapt the shape of
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membership functions of this filter according to remaining
amount of noise after each iteration. Image de-noising is a
technique [6] to reduce noises from a corrupted image. The aim
of image denoising is to improve contrast of the image or
perception of information in images for human viewers, or to
provide better input for other automated image processing
techniques.

A fuzzy filter [7] to remove impulse noise in an image with the
combined ability of the RCM filter and fuzzy thresholding
technique to preserve edges and fine details. The pixels lying
outside the trimming range after ranking in the RCM filter are
further tested for being noisy by the process of fuzzy
thresholding. On CT, a fissure can have a variety of appearances
[8], which makes its detection and segmentation challenging.
Due to respiratory and cardiac motion, as well as partial volume
effect, a fissure often appears as a ribbon-like structure several
pixels wide, rather than the more typical configuration of a thin
curvilinear opacity with sharp edges. For segmenting lung lobes
depicted on 3-D CT examinations. The unique characteristic of
this scheme is the representation of fissures in the form of
implicit functions using Radial Basis Functions (RBFs)[9],
capable of seamlessly interpolating “holes” in the detected
fissures and smoothly extrapolating the fissure surfaces to the
lung boundaries resulting in a “natural” segmentation of lung
lobes. Takahiro [10] estimates the boundary surface between
lung lobes by fitting curved surface. The fitting is performed
with fuzzy control, and it searches the boundary where the
density of tubular tissues is low. Image segmentation based
contour models are also there in this paper fuzzy filter is used
for the removal of noise from CT image of the lungs. The
preprocessed image can be used for the lobe segmentation and
for the extraction of the fissures.

The cad system for screening of lung cancer is developed for
screening of lung cancer is developed to equal the ability of
expert physicians [11][12].There are however no detection
algorithms of the pulmonary lobes which are an important part
in the detection of the pulmonary configuration in the clinical
diagnosis. However fuzzy filter output can be processed further
for lung lobe segmentation

by using suitable algorithm. Image segmentation based contour
models are also there. Snake is an active contour model [13]
which is used extensively in computer vision and image
processing applications particularly to locate the object the
boundaries. A pulmonary fissure is a boundary between the
lobes in the lungs. Its segmentation is of clinical interest as it
facilitates the assessment of lung disease on a lobar level. This
paper [14] describes a new approach for segmenting the major
fissures in both lungs on thin-section computed tomography
(CT).An image transformation called ‘‘ridge map’’ is proposed
for enhancing the appearance of fissures on CT. A curve-
growing process, modeled by a Bayesian network, is described
that is influenced by both the features of the ridge map and prior
knowledge of the shape of the fissure. Similar work has been
done by Dimitri Van et al in [15].In addition i have enhanced the
work for lung lobe images by by the process of fuzzification and
defuzzification.Wiener filter is used for preprocessing for lung
lobe segmentation; however the wiener filter is having low
PSNR and high MSE while comparing with fuzzy filter
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2. FUZZY FILTERING

The general idea behind the filter [15] is to average a pixel using
other pixel values from its neighborhood, but simultaneously to
take care of important image structures such as edges. The main
concern of the proposed filter is to distinguish between local
variations due to noise and due to image structure. In order to
accomplish this, for each pixel we derive a value that expresses
the degree in which the derivative in a certain direction is small.
Such a value is derived for each direction corresponding to the
neighboring pixels of the processed pixel by a fuzzy rule. If the
fuzzy derivative is small, it is caused by the noise and if the
fuzzy derivative is large, it is caused by the edge. Consequently,
for each direction two fuzzy rules are applied (and thus
distinguish between local variations due to noise and due to
image structure), and that determine the contribution of the
neighboring pixel values.

Consider the 3x3 neighborhood I
of a pixel as displayed in Fig.
2(a).
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Fig. 2. (a) Neighborhood of a central pixel (x; y). (b) Pixel
values indicated in gray are used to compute the “fuzzy
derivative” of the central pixel (x; y) for the NW-direction.

A simple derivative at the central pixel position(x, y) in the
direction D (D € dir= {NW, W, SW, S, SE, E, NE, N})) is
defined as the difference between the pixel at (X, y) and its
neighbor in the direction D. This derivative value is denoted by

xy)

For example

Vi »)=1(x,y-1)-1(x,y) (1)
VNW(xay):](x_lay_l)_l(xay) )

Next, the principle of the fuzzy derivative is based on the
following observation. Consider an edge passing through the
neighborhood of a pixel (x, y) in the SW-NE direction.

The derivative value NW (x, y) will be large, but also derivative
values of neighboring pixels perpendicular to the edge’s
direction can expect to be large.

For example, in the NW direction. We can calculate the values,

Vi, (x,y)and V5, (x+1,y—1) [see Fig. 2(b)]. The

idea is to cancel out the effect of one derivative value which
turns out to be high due to noise. Therefore, if two out of three
derivative values are small, it is safe to assume that no edge is
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present in the considered direction. This observation will be
taken into account when we formulate the fuzzy rule to calculate
the fuzzy derivative values.

In Table 1, the overview of the pixels is used to calculate the
fuzzy derivative for each direction. Each direction (column 1)
corresponds to a fixed position (column 2); the sets in column 3
specify which pixels are considered with respect to the central

pixel(x, y).

Tablel: Pixels to calculate the fuzzy in each direction

Direction | Position Set w.r.t (x,y)
NW (x-1y-1) (-1,D),(0,0),(1,-1)}
w (x-1y) {(0,1),(0,0),(0,-1)}
SW (x-Lytl) {(1,1),(0,0).(-1,-1)}
S (xyt1) {(1,0),(0,0),(-1,0)}
SE (x+1y+1) {(1,-1),(0,0),(-1,1)}
E (x*+Ly) {(0,-1),(0,0),(1,1)}
NE (x+1y-1) {(-1,-1),(0,0),(1,1)}
N (xy-1) {(-1,0),(0,0),(1,0)}

To compute the value that expresses the degree to which the
fuzzy derivative in a certain direction is small, the fuzzy set
small is used. The membership function my(u) for the property
small is the following [see Fig. 2(a)]:

l—m, 0<|u|<K
M, (u)= K (3)
0 |u|>K

For example, the value of the fuzzy derivative for thepixel in the
NW direction is calculated by applying the following rule:

If (V;W (x,y) V;W (x— Ly+ 1) is small and
VNW (x -1, y+ 1) is small)
Or
(Vi (x,9) issmalland V1, (x+1,y —1)is small)
Or
V., (x=Ly=1)issmall and V , (x+1,y—1)is
Small
then V', (x,¥) is small )
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Eight such rules are applied to compute the degree of

membership of the  fuzzy derivatives VLF) (x, y) to the

represent the fuzzy set small .These rules are implemented in
such a manner that minimum is used to represent the AND-
operator, and the maximum is used to represent the OR-
operator. A defuzzification is not needed since the second stage,
i.e., the fuzzy smoothing, directly uses the membership degrees
to small.The robustness is achieved by the fuzzy derivative by
combining multiple simple derivatives around the pixel and by
making the parameter K adaptive.

3. SMOOTHING BY FUZZIFICATION

To compute the correction term A for the processed pixel value,
a pair of fuzzy rules is used for each direction. The fuzzy rules
are as follows: if no edge is assumed to be present in a certain
direction, the (crisp) derivative value is used to compute the
correction term.

The first part (edge assumption) can be realized by using the
fuzzy derivative value, for the filtering it is needed to distinguish
between positive and negative values.

For example, let us consider the direction NW, using the values

V;W (x, y) and V;W (x, y) .The two rules are fired and

compute their truthness

ﬂ;,w s if V;W (x, y) is small and
ng (x, ) is positive then ¢ is positive
Ay if V;W (x,y) is small and

F . . . .
\Y NW (x, y) is negative then c is negative

The correction term is given as follows where D€dir (for all
directions)

L .

AL 3,2

Dedir

(@ A

) ’/ N N 1

,’,’ Positive Negative .
L 0
(b) (©
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Fig.3. Membership functions (a) small, (b) positive, and (c)
negative.

3.1 Fuzzification and Defuzzification scheme

The fuzzification and defuzzification steps are due to the lack of
possessing fuzzy hardware.So that the coding and decoding
(Fuzification and defuzzification )of the results makes use of
various fuzzy techniques. These fuzzy techiniques are used to
obtain the membership function of the images. After the
transform of image datas from gray-level plane to the
membership plane, the appropriate fuzzy techniques modify the
membership  values  (fuzzification).Fuzzification can be
computed using the following equation.

1 if x=xe
Y xk o Lhx * )=
o e () {0; otherwise

The value of LX can br determined by identifying the
corresponding neighboring pixels as

LX*= J.,uu “(xe)/ x

For each block (B), compute the standard deviation using the
following equation:

1 DI,y —mi)’ (©)

FXT (foep

®)

o, =

Where m; is the mean value of block (B;), I (x, y’) is the pixel
data inside the block (B;) Then, find omin which represents the
minimum (o) in all blocks.

After the membership function was obtained defuzzify it with
the defuzzification operator.Defuzzification can be obtained by
the following equation

I y.p(y)dy
B Iﬂu(y)dy

This scheme can be applied before each iteration to obtain the
adaptive parameter (q), which determines the shape of the

* 7

membership function small.

4. RESULTS

The efficency of the fuzzy filter along with the fuzzification and
defuzzification operators is determined from the PSNR value.
This ratio is often used as a quality measurement between the
original and preprocessed image. The higher the PSNR, the
better the quality of the preprocessed image.The Mean Square
Error (MSE) and the Peak Signal to Noise Ratio (PSNR) are the
two error metrics used to compare image quality.The MSE
represents the cumulative squared error between the compressed
and the original image, whereas PSNR represents a measure of
the peak error. The lower the value of MSE, the lower the error.

Z[ll (m,n) _12 (man)]z

MSE =2~ (8)
M*N
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M and N are the number of rows and columns in the input
images, respectively. Then the block computes the PSNR using
the following equation:

PSNR=10 LOG;, (R*/MSE) )

R is the maximum fluctuation in the input image data type. For
example, if the input image has a double precision floating-point
data type, then R is 1. If it has an 8-bit unsigned integer data
type, R is 255.

Table 2:Characterstics of different types of filters

Type of the filter PSNR MSE
2D Order Statistics Filter 16.6 1422
Median Filter 20 726.6
Wiener Filter 31.894 41.990
Fuzzy Filter 34.57 22.63

The PSNR and MSE for different types of filters are as follows.
The input CT image of the lungs and the histogram of the image
is shown in Fig4.

Histogam beor Median Fiering
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Fig4.(a)input CT image of the Ings,3.(b)Histogram
of the input CT image
The preprocessed image by 2D order statistics filtering and
its histogram are shown below.ThePSNR value of statistics filter
is 16.6.

Histogram Afer Median Fitering
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Fig5.(a)Preprocessed image by 2D order statistics
filtering,(b)Histogram after statistics filtering
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The preprocessed image by median filtering and its histogram
are shown below.The PSNR value of statistics filter is 20.

10" Histogram Afer Median Fitring

(@ (b)

Fig6.(a)Preprocessed image by median filtering
(b)Histogram after median filtering

The preprocessed image by wiener filtering and its histogram
are shown below.The PSNR value of wiener filter is 31.894.

Histogram At Wiener Fitering

(a) (b)

Fig7.(a)Preprocessed image by wiener filtering ,(b)
Histogram after wiener filtering

The preprocessed image by fuzzy filtering and its histogram are
shown below.The PSNR value of fuzzy filter is 34.57.

Histogram Ater Fuzzy Fiteing

(@) (b)

Fig8.(a)Preprocessed image by fuzzy filtering, (b)
Histogram after fuzzy filtering

The bar graph of PSNR value of different types of filters are
shown here. The fuzzy filter is having highest PSNR value.
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Fig 9: Bar Graph of PSNR value for different types of filter

The bar graph of MSE value of different types of filters are
shown here. The fuzzy filter is having lowest MSE value.
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Fig 10: Bar Graph of MSE value for different types of filter

Thus the fuzzy filter is having high PSNR and low MSE while
compared to that of other filters

5. CONCLUSION

The fuzzy filter can be used for preprocessing the CT image of
lungs.The preprocessed CT image is subjected to sutiable
algorithm for lung lobe segmentation and fissure extraction
which provides a preplanning for surgery. While performing the
filtering originality of the image have to be. preserved. The
fuzzy filtering performs the noise removal by preserving the
edges.The fuzzyfilter is having a PSNR of 34.57 and MSE of
22.63 for the typical lung CT image,which indicates that it
produce better results than other filters.
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