International Journal of Computer Applications (0975 — 8887)

International Conference on Information and Communication Technologies (ICICT- 2014)

Review of Mammogram Enhancement Techniques for
Detecting Breast Cancer

Inam ul Islam Wani
Department of ISE, DSCE
Bangalore, Karnataka, 560078

ABSTRACT

Breast cancer is ranked second among the leading causes of
death affecting females. Statistics have shown that one out of
eight (12 %) women are affected by breast cancer in their
lifetime. Mammography is the most effective strategy for
breast cancer screening and can be used for the early
detection of masses or abnormalities. Small clusters of
micro calcifications appearing as a collection of white spots
on mammograms show an early sign of breast cancer. In
digital mammography, electronic image of the breast is taken
and is stored directly in a computer. However, early
detection of breast cancer is dependent on both the
radiologist’s ability to read mammograms and the quality
of mammogram images. The aim of this paper is to conduct
a review of existing mammogram enhancement techniques.
Each method will be discussed in brief and compared against
other approaches.
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1. INTRODUCTION

Breast cancer is the second leading cause of cancer affecting
females in women, exceeded only by lung cancer. Earlier
detection and diagnosis of breast cancer increases the chances
for successful treatment and complete recovery of the patient.
There are several ways in which breast cancer is
diagnosed, including Breast Self-Examination (BSE),
Clinical Breast Examination (CBE), imaging or
mammography, and surgery. Mammography is the most
effective technique for breast cancer screening and earlier
identification of masses or abnormalities; it can detect
85% to 90% of all breast cancers. To diagnose breast
cancer we need to find abnormalities like masses and
calcifications that indicate breast cancer. Because of the small
size of microcalcification, visualization is lacking in
mammograms. Therefore, to improve visibility of the
abnormalities to detect breast cancer in mammograms to assist
analysts as well as automatic breast cancer detection systems,
mammogram contrast needs to be enhanced. Removal of
noise is essential for enhancement of contrast of an image,
specifically for mammograms the microcalcification size is
close to noises. Noise should be reduced whereas
microcalcification need to be enhanced. One more reason for
enhancement is that mammograms that show abnormalities,
such as masses,

Microcalcification and their surrounding tissues may be
possessing low contrast.

Mammogram image enhancement is the process of
manipulating mammogram images to increase their contrast
and reduce the noise present to facilitate radiologists in the
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detection of abnormalities. The methods used to manipulate
mammogram images are divided into four main categories;
the conventional enhancement techniques, the region-based
enhancement techniques, the feature-based enhancement
techniques, and the fuzzy enhancement techniques as shown
in Figure 1.

Mammogram

Enhancement Techniques

!
| l | |

¥

Conventional Region-Based Feature-Based Fuzzy

Enhancement Enhancement Enhancement Enhancement

Fig. 1. Mammogram Image Enhancement Techniques

The conventional enhancement techniques are generally
used to improve masses in mammogram images, as An
example, histogram equalization can be used to enhance the
mammogram images before segmentation and mass detection.
However, Schiabel et al. [1] used the  histogram
equalization technique accompanied with other techniques
and as a part of a pre-processing step for mammogram
enhancement. Region-based enhancement techniques are
similar to the conventional enhancement methods that are
typically used for the enhancement of masses. Sampat and
Bovik [2] proposed a filtering algorithm that enhances
speculations (linear features of masses) in mammograms
as a part of a speculated mass detection technique of
image to obtain the enhanced image.

Feature-based enhancement methods can be used to enhance
both masses and micro-calcifications. Dabour [3] introduced
an algorithm based on wavelet analysis and mathematical
morphology for digital mammograms enhancement. The
authors tested this algorithm on several mammograms from
the MIAS database.

Fuzzy enhancement methods are used to enhance masses and
micro-calcifications. Mohanalin et al., [4] presented fuzzy
algorithm based on Normalized Tsallis entropy to enhance the
contrast of micro-classifications in mammograms. Jiang et al.,
[5] enhances micro-calcifications in digital mammograms by
using the combined approach of fuzzy logic and structure
tensors.

This survey addresses these issues. Among different
mammogram enhancement algorithms, traditional methods
such as histogram equalization, CLAHE increases the contrast
of mammogram but at the same time they enhance noise in
mammogram. In this paper, section 2 presents some of the
enhancement techniques and section 1l presents the
conclusion of survey.
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2. MAMMOGRAM ENHANCEMENT
TECHNIQUES

2.1 Histogram Based Contrast

Enhancement

Sunadaram et al. [6] proposed, a method for mammogram
enhancement based on histogram processing that includes two
stages; Histogram Modification and Contrast Limited
Adaptive Histogram Equalization.

In the first stage author proposed a method for image
enhancement that uses histogram modification method that is
applied on the input mammogram image. Disadvantage with
Histogram Equalization is that it does not provide us
provisions for adjusting the level of enhancement. This paper,
“Histogram based contrast enhancement for mammogram
images," proposed an enhancement technique that
incorporates options to control over the level of enhancement.
The aim of this method is to find a modified histogram 'g”
that is similar to uniform histogram and to minimize the
difference between (@', g) modified and input histogram, that
results in increasing the potential of image contrast
enhancement and the resulting image would be more relevant
to the input image.

In the second stage author uses Contrast Limited Adaptive
Histogram on the histogram modified image. This method
implements histogram equalization to a contextual region that
contains all of its pixels in the center. Clipping of original
histogram takes place, and those clipped pixels are
redistributed to each gray level. The new histogram differs
from the ordinary histogram by having pixels with intensity
limited to a user-selectable maximum. CLAHE has got the
potential to limit the noise enhancement. Fig. 2, Fig. 3, Fig. 4
shows the results after using the histogram adjustment and
CLAHE.

2.2 Preprocessing Filter: FCLAHE

Peyman Rahmati et al. [7] enhances digital mammograms by
developing a preprocessing filter, called fuzzy contrast-
limited adaptive histogram equalization (FCLAHE). This
work is based on Contrast Limited Adapted Histogram
Equalization, with some modifications to improve its
performance. The limitations of CLAHE are that the
enhancement for the foreground and the background of
the original image are linearly filtered; therefore, the
amount of enhancement is similar. The resulting image has
high contrast in both the foreground and background.
CLAHEeliminates noise in exchange for increasing the
irregularities in the background, there is a trade-off between
the accuracy of the enhanced image and irregularities in the
background. FCLAHE tries to make an adjustment between
them. In the proposed filter, author endeavors to absorb the
advantages of CLAHE i.e., the ability to denoise and make
an image with high contrast, while improving on its flaws,
that is loss of inherent nature of enhanced mammography
images. The proposed FCLAHE algorithm results in a
smoothed image that is similar to the nature of the original
mammographyimage. The major dominance of this filter,
when compared to earlier approaches is its ability to eliminate
noise without affecting the intensity characteristics of
mammographic image. One of the most common approaches
uses the statistical distribution of the intensities to segment
mammograms. Therefore, it is of considerable interest that
preprocessing reduces the effects of changing the statistical
distribution or changes it completely to a predefined

probability distribution function (PDF), to achieve accurate
lesion segmentation.

Fig. 2. Original fatty- glandular mammogram image used
by M. Sundaram et al. [6]

Fig. 3.Results for Fatty-glandular Image to Histogram
Equalization, Unsharp Masking respectively [M.
Sundaram et al. [6]

Fig. 4.Results for Fatty-glandular Image obtained in Fig. 3
to CLAHE, HM-CLAHE respectively [M. Sundaram et al.

[6]

2.3 Breast Region Segmentation

Mariam Bilatawib et al. [8] in this paper ,"Mammogram
Enhancement and segmentation Methods,” uses  breast
segmentation techniques to search for abnormalities on the
region of the breast excluding its background. This paper
compares different breast segmentation techniques proposed
by other papers. The techniques used for segmenting are
similar to those used in the "regions of interest
segmentation,” and can be categorized with the same
perspectives. As an example of approaches that can be
listed under the clustering segmentation method is the
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novel approach for breast region segmentation based on
local threshold. The Ojala et al., [9] in the paper, “Accurate
segmentation of the breast region from digitized
mammograms, “uses histogram thresholding, morphological
filtering and contour modeling methods. Breast region
segmentation approach is applied by Wang et al. [10] as the
first step in their automatic framework to identify
differences between corresponding mammographic images.
Raba et al. [11] proposed an automatic technique for
segmenting a digital mammogram into a breast region and
a background based on a "two- phase" approach. Table |
summarizes the breast region segmentation methods
described below, providing the year of the research, the
database used, the number of mammograms used (NMU),
the accuracy of segmenting the breast boundary (ASBB),
the pectoral muscle extraction accuracy (PMEA), and ability
of the method to extract the nipple (ANE).

2.4 Regions of Interest Segmentations
Mariam Bilatawib et al. [14] in ,"Mammogram Enhancement
and Segmentation Method," divides regions of interest
segmentation into two main categories; segmentation using
a single view and segmentation using multiple views. This
section lists some algorithms under each category. Regions of
interest segmentation wusing a single view are further
divided into supervised and unsupervised segmentation.
This section will typically list the unsupervised segmentation
algorithms under the different categories. Each category of
unsupervised segmentation is specialized in segmenting
abnormalities such as masses and calcification.

Algorithms under unsupervised segmentation are; a) Region-
based methods that are used to segment both masses and
calcifications, b) Contour based methods, that are used to
segment masses rather than segmenting calcification, c)
clustering methods, that can segment both masses and
calcification, d) Pseudo color segmentation can be used to
detect masses and micro-calcifications together. e) Graph
segmentation methods can be used to segment masses. Bajger
et al. [12] employed a graph segmentation method to segment
automatically mammogram masses using minimum spanning
tree. f) Variant feature transformation that can be used in
mammogram mass segmentation.

Breast images can be taken from different angles the most
common views are; mediolateral obliqgue (MLO) view, that
is the most prominent and the cranio-caudal view (CC).
According to  the previous image views, image
segmentation techniques using multiple views can be
divided into three categories: left and right mammograms,
two mammographic views (CC and MLO) of the same
breast, and same view mammograms taken at different
times. In the left and right mammograms, the evaluation is
done by checking the symmetry of the fibro glandular tissue
in the two breasts. In the two mammaographic views (CC and
MLO) of the same breast, the evaluation is done by
checking the fibro glandular tissue in CC and MLO images
of the same breast. However, in the same view
mammograms taken at different times, the evaluation is done
by checking the changes of the fibro glandular tissue of the
breast at different times.

Table 1. Result of Breast Segmentation Techniques

Author Year Used Database NMU ASBB PMEA ANE
Shahedi et al. [8] 2007 Mini-MIAS 66 86% 94% N
Raba et al. [11] 2005 Mini-MIAS 320 98% 86% N/A
Wirth and Stapinski [8] | 2004 MIAS 32 N/A N/A N/A
Wei et al., [8] 2008 MIAS 322 N/A N/A N
Chen and Zwiggelaar 2010 EPIC 240 98.4% 935 N/A
(8]

Yapa and Harada [8] 2008 Mini-MIAS 100 99.1% N/A N

2.5 Morphological Operators for
Processing Image

Basha et al., [13] in paper, “Automatic Detection of Breast
Cancer Mass in Mammograms using Morphological
Operators and Fuzzy C-mean Clustering," uses morphological
operators to determine the breast cancer using the
segmentation of mammograms. Author proposed approach
does the segmentation by utilizing mathematical morphology
operations. To segment the abnormal regions the
morphological operations are applied on the gray scale
mammography images. The two fundamental operations in
Mathematical Morphology are erosion and dilation. The rest
of the operations are the aggregation of these two operations.
The four basic binary morphological operations are dilation,
erosion, opening, and closing represented by symbols —, ©, o,
and e respectively. A function f (x, y) represents the image,

where (X, y) = R2 or Z2, or simply f, and the function h(x, y),
or function h will serve as the structuring element. The four

operations are explained as

follows:

Dilation:

(f@h)(x,y)= sup {f(x—r,y—s)+h(r,s)}
(r,a)eH

Erosion:

(f U h)(x, y)=(in)fH{f(x—r,y—s)+h(r,s)}
Opening :

foh=(f0 h)y®h

Closing :

feh=(f®h) h
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Where sup {} and inf {} denote the supremum and infirmum
operation () respectively and H =R2 or Z2 is the support of h
(X, y). In this approach, author does the segmentation of
mammography images by using binary open morphological
operation. Opening operator is formed by merging the Erosion
and Dilation operations and is given by Egn. 2 and Eqn. 1
respectively. Commonly this operator gentles the frontiers of
an image, breaches narrow Isthmuses and annihilates thin
Protrusions. Dilation on Eroded Image results in Opening
operation given by Eqn. 3. Generally, Opening spaces the
objects that are adjacent, detaches the objects that are adjoined
and also enlargement of holes within the objects. The binary
open morphological operation are used for segmenting the
gray-scale mammographic images. The further processing of
segmented regions is done by using fuzzy C- means algorithm
[13].

2.6 Enhancement using Morphology and
Wavelet Transform

In enhancing the mammogram images, the basic enhancement
needed, especially in case of dense breast mammograms is the
increase in contrast and removing the noise. Harish et al. [14]
proposed the enhancement model that takes mammographic
image as input. The image is divided into its constituent
frequency components i.e., low frequency and high
frequency components to get a higher degree of control
over the dynamic range by using Gaussian low pass filter.
Modified mathematical morphology is applied for the low
pass filtered image. The edge information and the noise are
present in high pass filtered image. To enhance the edge
information and to attenuate the noise, Edge Enhancement
algorithm is applied to the high pass filtered image. To get the
contrast enhanced Image, morphologically processed image
and Edge Enhanced image are added. Wavelet transform is
applied to remove the noise. Wavelet transform consists of
three operations: wavelet decomposition, thresholding detail
coefficients and wavelet reconstruction. Approximation and
detail coefficients are obtained by decomposition. For the
detail coefficients level dependent threshold is applied.
Approximation and the modified detail coefficients are used
to reconstruct the decomposed image. Fig. 6 shows the
original mammogram image and Fig. 7 shows the enhanced
image using the method proposed by the author.

3. CONCLUSION

Breast cancer is one of the major causes of death among
women. So early detection and diagnosis through regular
screening and timely treatment can prevent cancer. This paper
presents a comprehensive review of mammogram image
enhancement methods. From the review, it is obvious that
the results produced from the different enhancement
techniques are best suited for enhancing both masses and
calcifications. Histogram based segmentation, enhancement
using morphology and other methods reviewed in this paper
have successfully enhanced the calcifications and masses. The
drawbacks of the reviewed techniques that are based on
histogram modification techniques in this paper are not able to
remove noise from the images therefore, they use images that
are not noisy or images in which less content of noise is
present and they are not able to enhance micro calcifications
in the image but they are not able to enhance the

calcifications. Preprocessing filter FCLAHE reviewed in this
paper has got the lower segmentation accuracy, but can
enhance suspicious lesions.

Fig.5. Original Mammogram Image used by Harish et al.
[14]

Fig.6. Enhanced Mammogram Image obtained by using
method proposed by Harish et al. [14]
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