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ABSTRACT

Detecting tumor areas in breast Ultrasound (US) images
is a challenging task. The occurrence of benign areas in
breast may result in false identification of malignant areas
which may have serious outcome. The CAD system can
act as a major function in the early detection of breast
cancer and can decrease the death rate among women
with breast cancer. This challenge is especially daunting
in non homogenous neisy US Images where benign and
malignant images are difficult to identify, The US images
possess speckle noise which is its inherent property. This
study is an attempt to reduce false alarm in Breast
cancer detection using computationally efficient fuzzy
based image clustering. The images are obtained from
the famous American Cancer database for conducting

experiments.

Keywords: Cancer detection, Speckle noise, Fuzzy C-

Means with repulsion, Ultrasound images
I INTRODUCTION

Fuzzy logic is one of the powerful soft computing tools
to overcome ambiguity in the ultrasound image data [1],
{2] and [3].These imperfections could possibly relate
with image during image capture or while transmission
phase. Presence of speckle noise is one of the major

imperfections linked with the US image and it may
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hamper the performance of CAD diagnostic tools. Fuzzy
based image segmentation could be used to identify
important pattern in noisy breast US images. It can be
categorized into following classes: fuzzy clustering, fuzzy
rule, fuzzy geometry, fuzzy thresholding and fuzzy

integral based clustering techniques [4] [5].

In this study we have performed image clustering using
Fuzzy C-means (FCM) algorithm [8] [13] in Ultrasound
images which have the property of speckle noise. The
motivation of this study is to devise a better diagnostic

imaging for breast cancer detection.

Ultrasound imaging systems may introduce some amounts
of speckle noise or artifacts in the signal, so the quality
assessment is an important factor. Therefore, a matrix based
image quality assessments method MSE and PSNR are

used to assess the quality of these images.

Mean Square Error (MSE) - Mean Square Error assesses
the quality ofimage based on variation and its un-biasedness.
MSE is given by the mean square distance between the
pixels of the original image A, and the pixels in the

reconstructed image B.. Itis given as:
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Peak Signal to Noise Ratio (PSNR) - Peak Signal to Noise
Ratio is used to analyze the quality of the two images —
original and reconstructed image after the de-noising

process. Mathematically PSNR is represented as:
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The outline of the paper is as follows: A briefdiscv.gs‘ion
of Fuzzy C-Means based clustering technique is
presented in Section-1I. Section-T1I discusses the
methodology used for US image clustering. Section-1V
presents the experiments and results. The paper is

concluded with Section-V with future implementations.

II. Fuzzy C-MEANS (Foa) Basen CLUSTERING
TECHNIQUE

The Fuzzy Filters are non-liner filters used to preserve
the details in an image. Fuzzy Filters was proposed by
Dunn [8] and refined by Bezdek [7] [12] { 14] and others.
The fuzzy inference model is composed of a group of
logic connectors and IF-THEN statements. The outputs
of the filters depend on the defuzzifying process, which

is a combination of the effects of the established rules
[5].

Fuzzy C-Means (FCM) Algorithim has been an admired
choice for pattern recognition using clustering. in fuzzy
clustering, each point has a degree of belonging to
clusters. Thus, points on the edge of a cluster may be In
the cluster to a lesser degree than points in the center of
cluster. Any point x has a set of coefficients giving the
degree of being in the &™ cluster w(x). With fuzzy c-
means, the centroid of a cluster is the mean of al points,

weighted by their degree of belonging to the cluster:
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The degree of belonging, w, (x), is related inversely to the

distance from x to the cluster center as calculated on the

*previous pass. It also depends on a parameter ni7 that controls

how much weight is given to the closest centre,

II1. METHODOLOGY

The proposed methodology describes fuzzy c-means
clustering of breast malignant areas in noisy US

images with the following steps.

First we synthesis breast image by inducing speckle

noise across the breast image [6].

To maintain the consistency among different images
Mean Square Error (MSE) and Peak Signal to Noise
Ratio (PSNR) is used as metrics.

Fuzzy C-Means clustering [ 16], [14] is performed on the
images obtained in step i of this algorithm. Compare with
the original image the noise induced image as in fig.4

and fig.5 to indentify the tumor cells.

Evolutionary Neuro-Fuzzy techniques used to de-noise
the images. Repulsive C-Means Fuzzy clustering is again

performed on these images obtain after step iv.

Compare with original image [11], the results are as in
fig.5 which show a significant improvement in clustering

process.
1V. EXPERIMENTS AND RESULTS

The experiment is simulated using Matlab7.5 [18] and
the performance of the proposed method is evaluated
using 255 X 235 grayscale images [17] with prominent
malignant areas. The region of interest (ROI) is the
identification of tumor. The effect of increasing noise
level on the quality of the image is shown in Tablel. MSE
is the mean square error between the original and noisy
image and original and de-noised image. The
improvement in PSNR in the experiments is shown in
Table 2. It is inversely related with the MSE. PSNR is
the peak signal to noise ratio between the original and

noisy image and the original and de- noised image.
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Table 1. Standard Deviations {(STD) in terms ofé(\

Mean Square Error (MSE)

c MSE MSE
(Standard | (Original (Original
Deviation) { and and

Noisy De-Noised

Image) Image)
0.010 0.5100 (.4854
(3.015 0.4819 0.4623
0.020 0.4726 0.4452
0.025 0.4999 0.4926
0.030 0.4996 0.5014

Table 2. Standard Deviatiens (STD) in terms of
Peak Signal to Noise Ratio (PNSR)

o PSNR PSNR
(Standard | (Original (Original
Deviation) | and and
Noisy De-
{mage) Noised
Image)
0.010 51.0551 51.2698
0.015 51.3012 51.4816
0.020 51.38359 51.6453 -
0.025 51.1420 51.2059
0.030 51.1446 51.1290
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Figure 1(b) demonstrates suppression of homogenous
noise at o= 0.013. Figure 1{c)} shows the affect of Noise
Reduction using Evolutionary ANFIS technigue as the
presence of speckle noise can hinder the detection of

malignant areas.

&

b) Standard

Figure 2, ¢) ROI
al FCM with detection
Original Ior

US image classification

Figure 2(b) shows the image clustering using Standard
Fuzzy C-Means Clustering applied on Original image. In
Figure 2 (c) shows how Standard FCM can be used for

finding the region of interest (ROI).

Figure 3. g (b)
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In Figure 3 (b) original image corrupted with spg'ékle
noise at o= 0.015. The presence of speckle adversely
affects the detection of artifacts. The proposed method
is applied on the image corrupted with noise as shown in

Figure 3.

FCM analysis on various images is shown in Table 3.
This analysis broadly divides into three categories: FCM
applied on original image, FCM applied on noise induced
image [9] and Repulsive FCM applied on de-noised
image. FCM analysis is performed by caiculation of cluster
centers and then the assignment of members to these
centers using the Euclidian distance. [t is an iterative
process and stabilized after certain computations. [n the
above experiment the iterations stabilize at 15. The
execution time is proportionate with the number of
clusters. Since we have only one cluster the time taken
is 1.005 sec. In Table 3 the clustering results using
Repulsive FCM, the impact of speckle noise on the
performance of FCM algorithm is shown and the
proposed de-noising technique incorporated into the
Repulsive FCM algorithm shows a __signific'ant

improvement in the clustering of the image.

Table 3. Clustering Results

US Image FCM for Speckle FCM for
i = FCM | Neise Induced De-Noised
Data :
mage Image

Image 1 904.3 1415.967 1240.65
Image 2 703.4 1216.467 1189.43
Image 3 960.1 1473367 1266.25
Image 4 503.5 1015967 1185.05
Image 3 889.8 1400.967 1203.85

V. Concrusion Axp Future RESEARCH

Fuzzy image processing has widely been used in the
context of image segmentation and noise reduction [15]
[16]. In this study Repulsive FCM [B8] [14] Algorithm
has been tested on noisy breast 1S image. Results showed
that our technique effectively clusters the breast malignant
areas, which could take more computations by
conventional clustering methods. The clustering system
identifies various important artifacts, such as cyst, tumor
and micro calcifications. Patient clinical history together
with better detection mechanisms could be beneficial for
early diagnosis. Based on our study we have found
number of areas for future research including detecting
of tiny micro calcification. In future, we can extend FCM
class 2 for non- homogenous noisy image to increase the
computational complexity and when applied to de-noised
image complexity is expected to decrease. Other potential
area could be the classification of tumor based on the

sharpness of the contours of artifacts,
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