IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 4, No 3, July 2012
ISSN (Online): 1694-0814
www.lJCSl.org 134

Analysis of FCM Clustering on Pre and Post Iterative relaxed
adaptive center weighted median filter in MRI & CT Brain
Images

R.Vijayarajan' and S.Muttan?
!Department of ECE, College of Engineering Guindy

Anna University, Chennai, India

2Department of ECE, College of Engineering Guindy,
Anna University, Chennai, India

Abstract

Image de-noising and clustering in medical images are quite
complex because of narrow dynamic range and in-homogeneity.
Pre processing steps like image de-noising do have influence
over the subsequent image processing which misleads further
image analysis. In this paper, a new method which incorporates
the advantages of adaptive center weighted median filter and
hybrid median filter, called Iterative relaxed adaptive center
weighted median filter, has been proposed for image de-noising
and the influence of such median filtering methods over Fuzzy
C-Means Clustering is analyzed in MRI & CT images using
Cluster Error Index and Average Cluster Error Index. This
analysis leads to proper selection of de-noising algorithm for
better clustering of image regions.

Keywords: Image de-noising, Clustering, Median filtering,
Cluster Error Index.

1. Introduction

Medical images are normally characterized by narrow
distribution of gray-levels, thus suffered from high spatial
redundancy and low contrast and further degraded by
noises particularly impulse noise which is introduced
during image acquisition, transmission and storage [1].
Removing noises is highly complex because it requires the
balance between the gained improvement and the
introduced degradation by a particular filter. Among the
non-linear statistical filters, the standard median filter and
its modifications provide balancing performance in
suppression of impulse noise [2,3,4]. These filtering
methods adapt to the local properties and structures in the
image. Despite its effectiveness in smoothing noise, it
removes fine details of the image [5,6,7]. To preserve the
fine details and to restore the image, other median filtering
techniques such as adaptive median, hybrid median,
relaxed median filtering methods have been used. The
standard median filter (SMF) is an order statistics filter
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which provides a reasonable noise removal performance
but removes thin lines and blurs fine details even at low
noise densities [8]. At higher noise densities, SMF often
blurs the image for larger window sizes and ineffective
noise suppression for smaller window sizes [3, 9]. The
impulse noise removing filters are designed to vyield
effective noise reduction without compromising high
frequency content of images [3, 10]. However, most of the
filters process both noise and noise free pixels. Adaptive
median filter provides better performance at lower noise
densities, due to the fact that there are few corrupted pixels
replaced by median values. At higher noise densities, this
replacement increases considerably by adaptive window
size. However, the corrupted pixel values and replaced
median values are less correlated [11]. Relaxed median
filter (RMF) provides better noise removal and detail
preservation but results in blurring at high noise densities.
Hybrid median filter (HMF) uses diagonal neighborhood
evaluation for de-noising, but does not perform well at low
noise densities. Adaptive center weighted median filter
(ACWMPF) adaptively adjusts its threshold values to detect
noisy pixels [8] and retains uncorrupted values.

Image segmentation plays an important role in the analysis
and applications of medical image processing. The main
purpose of medical image segmentation is to extract
interesting regions which contain important diagnostic
information for clinical diagnosis and pathology research.
Fuzziness and in-homogeneity are common in medical
images compared with ordinary images because of its
imaging modalities and high complexity of human body
tissues. Meanwhile, the rapid development of various
complex and massive medical image data has put forward
higher requirements for medical image segmentation.
Segmentation of medical images is quiet complex due to
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the poor image contrast and artifacts which result in
missing or diffused organ or tissue boundaries.

Many image processing techniques have been proposed for
brain Magnetic resonance imaging (MRI) and Computed
tomography (CT) images’ segmentation, most popularly
thresholding, region growing, edge detection and
clustering. Among the statistical clustering algorithms,
Fuzzy C-Means (FCM) clustering is most popular for
medical image segmentation because of its robustness. A
conventional FCM does not use spatial information in the
image. Its advantages include a straightforward
implementation, fairly robust behavior, applicability to
multichannel data, and the ability to model uncertainty
within the data. A major disadvantage of its use in imaging
applications [12], however, is that FCM does not
incorporate information about spatial context, causing it to
be sensitive to noise and other imaging artifacts. Since
medical images include considerable uncertainty and
unknown noise, this generally leads to further difficulties
with clustering. Spatial operations performed on local
neighbourhood of input pixels are used for image
enhancement thus can contribute to the performance of
FCM algorithm. The advantages [12] of spatial
information into FCM are the following (i) Regions are
more homogeneous (ii) It reduces the spurious blobs. (iii)
It is less sensitive to noise than other techniques.

The non-linear spatial median filtering methods listed
above not only remove impulse noise but also provide
neighbourhood information. Clustering performance of
FCM algorithm changes according to the filtering methods
applied to the images. Neighbourhood information given
by the spatial filtering methods effectively reduces local
minima problem in FCM clustering algorithm. In this
paper, performance of FCM algorithm is analysed for MRI
and CT images which are corrupted by impulse noise and
restored by various median filtering methods. De-noising
performance analysis is carried out for SMF, Adaptive
center weighted median filter (ACWMF), HMF, RMF and
the proposed method using peak signal to noise ratio
(PSNR). Good denoising algorithm may result in poor
segmentation and lead to wrong clinical analysis and
pathology research. Selection of denoising algorithm to
have proper clustering of homogeneous regions is possible
by analysing PSNR, cluster error index (CEI) and average
cluster error index (ACEI).

The remaining sections of this paper are organised as
follows. Section 2 gives a brief on median filtering
methods and the proposed method. Section 3 is about
FCM algorithm and the steps involved for Simulation.
Section 4 gives performance measures for both filtering
and clustering. Performance analysis, simulation and
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results are given in Section 5. This is followed by
conclusion.

2. Filtering methods
2.1 Relaxed median filter

Let {X;} be a m-dimensional sequence, where the index
ieZ,. A sliding window is defined as a subset W c Z,
of odd size 2N + 1. Given a sliding window W, define
Wi={Xi.}: r € W to be the window located at position i.
Let X; and Y; be the input and the output at location i,
respectively, then the standard median (SM) filter is given
by

Y; = med{W;} = med{X;,.:r € W} (D)
where med{.} denotes the median operator.

Denoted by [W{](r) , r = 1,...,2N+1, the r'" order statistic of
the samples inside the window Wi.

Wil < Wil < [Wile) <. < [Wilent

The relaxed median filter works as follows [13]: Lower (I)
and Upper (u) bounds, define a sublist inside the [Wi](.),
which contains the gray levels which are good enough not
to be impulse noise. If the input belongs to the sub list,
then it remains unfiltered, otherwise the standard median
filter is output.
letm=N+121andl,usuchthat1< 1 <m < u <
2N + 1. The relaxed median filter with bounds | and u is
defined as
Y; = Relaxed median{W;}

_ {Xl leIE[[VVl]l, [Vvl]u]' (2)

W] otherwise;
where [W;](m) is the median value of the samples inside
the window Wi;.

2.2 Adaptive Center Weighted Median filter
[ACWMF] [8,11,19]

Let Xj; & Y;; be the input and output of ACWMEF at current
pixel location (i,j). Consider a window symmetrically
surrounding the current pixel
W={(s,t)—-m=<s<m,—m<t<m}. The output of
ACWAM filter can be described as [18]

Yy = median(X}’j" 3)
where a weight adjustment is applied to the origin pixel
and Xi' = {Xi_sj_, W € X;|(s,t) € W}, here the window
size is 2L+1 with L>0. For current pixel Xj;, the
differences are defined as

d = |V = Xy| = [Y§ =X 4
where k=0,1,...,L-1 and dy < dy_; wherek > 1[19].
Information about the likely presence of impulse noise for
the current pixel can be derived from the differences (dy).
If the absolute difference is large, the current pixel may be
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smallest or the largest among the samples within the
window. Else the current pixel may be free of noise and
left unaltered.

Impulse detection procedure in the filter is implemented
using predefined thresholds Ty where k=0,1,...,L-1 and
Ti—1 > T. Impulse detector can be realized as follows:

- Yl ifk,dp > T,
ij :{1 e ®)

g a

Xij, otherwise
where Xij denotes the final estimate of current pixel X;; .
Threshold values T, are evaluated based on median of
absolute deviation from the median and given as MD
MD = median{|X;_s;_ — Y§||(s, DeW} (6)

This gives a robust estimate of dispersion. The thresholds
are described as Ty = s.MD + 8. Where &, (k = 0,1,2,3)
are the threshold values taken between [0 & 255].

2.3 Hybrid Median Filter [20]

In this filter, three median values are calculated in the N x
N window: MRI is the median of horizontal and vertical R
pixels, and MD is the median of diagonal D pixels. The
hybrid median value is the median of the two median
values and the central pixel C. For N=5;

Dj

R @

~ o Ox X
O RO *

* D
median{D pixels & C};
median{ R pixels & C };
Let Xj and Yj; be the input and the output at location (i,j)
respectively, then the hybrid median filter is given by
Y; = median;{MR, MD,C}; (8)

* X %
I+ Oxmg *

2.4 Proposed method

Iterative Relaxed Adaptive Center Weighted Median
Filter IRACWMF)

This method exhibits the advantage of ACWMF and HMF
to detect noisy pixels. ACWMF adaptively adjusts window
size to decide threshold values and HMF uses directional
neighborhood evaluation for noise detection.

Let XX and YX be the noisy input and the restored image of

IRACWMEF at pixel location i where K is the iteration steps.

Let Z be the image restored by ACWMF and WX be the
output of HMF respectively. ZX and W are used to form
the subset to detect noisy pixels. Corrupted pixels are
replaced by ACWMEF value if the X; belongs to the subset
otherwise original value is retained.

Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved.

Y® = Relaxed adaptive center weighted median{X%‘}
_(z¥,  ifX e|ZF &WF 9
_{ X;  otherwise ©
PSNR is evaluated between noisy image and the restored
image Y. Y; is fed back as noisy input in the next iteration
step till PSNR value is maximized or k reaches maximum
number of iterations.

Simulation Steps

1. ACWMF and HMF is applied to noisy MRI and CT
image with various noise probability densities

2. Form a sublist with the median values of ACWMF
and HMF

3. Apply IRACWMF and calculate PSNR and MAE

4. Feed the restored image as input and repeat steps 1-4
till the following conditions are satisfied
If [PSNR(k) — PSNR(k — 1)] < 0, where k is iteration
step

Restored image at the (k-1)" iteration step is the
output image with optimized PSNR and MAE
or

If Number of iterations = Maximum number of
iterations
Restored image at the kth iteration step is the output
image with optimized PSNR and MAE

3. FCM Clustering Algorithm

FCM is an unsupervised clustering algorithm [14,15,16]
which allows one piece input vector to two or more
clusters. It is based on minimization of the given objective
function

I = 20 2wl [l — o) (10)

where m is any real value greater than one and set to two
by Bezdek [14]. uj is the degree of membership of x; in the
cluster j. x; is the ith of d-dimensional data. C; is the centre
of the cluster j and || =] is any norm showing the
similarity between any measured data and the centre.

Fuzzy portioning is done through an iterative optimization
of the objective function with the updating of membership
of uij and the C; cluster centres

1

U =—————7_ (11)
s [xi—; [\™ T
k=1 i —cie [
_ Z%\Ll uﬁ‘.xi
G = —ZLUE‘ (12)
Termination of iteration is given by
max; {[u™! - uj[} < e (13)

where € is a termination criterion between 0 and land k is
the iteration steps.
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3.1 Simulation Steps

1. For MRI & CT brain images corrupted by impulse
noise of 30% probability densities, apply median
filtering methods

2. Replace each pixel value by its spatially modified
and filtered value and apply FCM algorithm.

FCM Algorithm [16]

3. Initialize U=[u;] matrix, U(0)
4. At k-step, determine the centres vectors C(K)=[cj]
with U(K)

ZiN=1 u}}‘-xi
C =
) ZiNzl “irj"

(14)

5. Update U(k), U(k+1)
ST “
xi—c;: |[\m—1
c 17
Zk:1<||xi—ckn>

6. If|JUk+ 1) — U] < &, then stop the iterations
otherwise go to step 2.

4. Performance Metrics
4.1 Peak Signal to Noise Ratio

The median filtering methods are evaluated in terms of
Peak signal-to-noise ratio and defined [17] as

2
PSNR = ——2>
o Zie i (D10 (1))2

(16)

4.2 Cluster Error Index & Average Cluster Error
Index

Quality of a partition provided by clustering algorithms is
evaluated by a function called cluster error index and
average cluster error index which are calculated by the
following steps [18]

Let x(i) be the original image and y(i) be the noise filtered
output of image, where i=1,2,...,N. N is number of pixels
in the input image.

Let x.(i) and y,(i) be the clustered regions of x(i) and y(i)
respectively, where r=1,...,C. C is number of clusters
which is taken as 3 here.

Find out number of pixels in x,(i) and y,(i) denoted as N,
and M, respectively.

CEl is given by
el ="t e 17)
Average CEI of all the clusters is given by
¢ INp—Mp|
ACEI = sy (18)
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5. Simulation and Results
5.1 Configuration

Among the commonly tested MRI Brain gray images,
results have been tabulated for a MR image with a size of
260 X 260 and dynamic range of [0, 255]. MR images are
subjected to salt and pepper noise with the probability
densities ranging from 10% to 70%. For clustering
analysis, MR image with 30% noise probability density
has been taken. Various median filtering methods like
standard median filter, Hybrid median filter , Relaxed
median filter , Adaptive center weighted median filter and
proposed method are tested over the input images. For
restoration performance analysis, PSNR is calculated as
given in equation.16 and tabulated in Table 1.

Among the commonly tested CT brain images, results
have been tabulated in Table 2 for a CT brain gray image
of size 256 x 256. Noise with probability densities ranging
from 10% to 70% is introduced to the CT image and
restoration is carried out using above mentioned filtering
methods. CT brain image with 30% noise density is taken
for clustering analysis.

For different median filtering algorithms, window size of

3 X 3and 5 X 5 are variably used. Various window sizes
have been experimented for different filters and the
window sizes given here result in improved noise removal.
SMF uses a window of size 3 X 3. 5 X 5 window often
leads to blurring of edges in SMF. ACWMF starts with a
window size of 3 X 3 and adaptively adjusts window size
based on noise density. For the threshold values
of [8¢,81,8,,83] = [55,40,25,15], ACWMF consistently
performs well in removing fixed-valued impulses for all
noise densities [11, 19]. Values of [8y8;,8,, 8] =
[40,25,10,5] give better noise removal at very low noise
densities. Parameter s(= 0) varies for different images
degraded with different noise densities, and performs well
using 0 < s < 0.6. For simulation s value is taken as 0.1.
HMF uses 5 X 5 window by default. Window size of 3 X 3
leads to poor PSNR and MAE in HMF. RMF uses median
filtering of window size 3 X 3 & 5 X 5. Since the proposed
method uses ACWMF and HMF for sublist formation,
variable window sizes are adopted.

Noise modeling, Image restoration and parameter
calculations are carried out in MATLAB 7.7 (R2008b)
environment.

5.2 De-noising Performance Analysis

De-noising performance for MRI images is analyzed by
PSNR and Intensity values of single row as given in Tab 1
and Fig 1. From Tab 1, it is very clear that the proposed
method outperforms other methods with considerable
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improvement. At noise densities upto 70%, proposed
method proves superiority interms of PSNR over other
methods. Fig.1 shows the similarity between intensity
values of noise free MRI image and top two median
filtering methods and is evident that the proposed method
preserves most of the details of the original image.

Because of narrow distribution of gray levels in CT
images, it is evident from Tab.2 that the proposed method
shows slight improvement over other methods. Fig.2 also
proves that the proposed method is superior to other
methods in preserving fine details. For noise densities upto
60%, proposed method shows slightly improved results
than other methods.

5.3 Clustering Performance analysis

Influence of above mentioned median filtering methods on
subsequent Fuzzy C-Means Clustering of MRI images are
given by CEIl and ACEI in Fig. 3(a) - (b). In low intensity
values, proposed method leads to more clustering error
than other methods, but performs very well in mid and
high intensity values. With respect to clustering, proposed
method retains most of the original gray values in mid and
high intensity range. Because of poor performance at low
intensity values, ACEI of proposed method is also higher
than other methods. Subjective analysis of Fig.5 also
reveals that the proposed has very moderate influence over
clustering of gray values using FCM clustering.

Clustering performance analysis of CT images are given in
Fig. 4(a)- (b). Because of low contrast of CT images,
proposed method results in good performance in low and
mid intensity values. For high intensity values, HMF
results in minimum error and proposed method ends in
moderate error. ACEI, given in Fig. (b), also proves that
the influence of proposed method over FCM Clustering is
very less as compared to other methods. IRACWMF is
able to restore most of the actual pixel values from the
noise affected image inturn results in very small clustering
error with respect to clustering of original image.
Subjective analysis of Fig.6 also reveals that the proposed
has very small influence over clustering of gray values
using FCM clustering.

For MRI images, proposed method leads to better de-
noising but results in high cluster error at low gray values.
SMF leads to very small ACEI but ends in poor PSNR.
HMF performs moderately in both clustering and de-
noising. For CT images, proposed method proves good for
de-noising as well as clustering. RMF and ACWMF give
competitive de-noising performance but lead to poor
clustering.
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6. Conclusion

IRACWMEF takes the advantages of ACWMF and HMF
for noise removal. Based on simulation and analysis, it is
evident that the proposed method performs well for image
de-noising over other methods and influence of this
method on FCM clustering is very less for CT images. For
mid and high intensities of MRI image, influence of
proposed method over clustering is very less. On the
whole, it is concluded that the proposed de-noising
algorithm provides better noise removal and has very less
impact on clustering of gray values into different regions.
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