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a  b  s  t  r  a  c  t

In Brazil, the National Cancer Institute (INCA) reports more than 50,000 new cases of the

disease, with risk of 51 cases per 100,000 women. Radiographic images obtained from

mammography equipments are one of the most frequently used techniques for helping

in  early diagnosis. Due to factors related to cost and professional experience, in the last

two decades computer systems to support detection (Computer-Aided Detection – CADe)

and  diagnosis (Computer-Aided Diagnosis – CADx) have been developed in order to assist

experts in detection of abnormalities in their initial stages. Despite the large number of

researches on CADe and CADx systems, there is still a need for improved computerized

methods. Nowadays, there is a growing concern with the sensitivity and reliability of abnor-

malities diagnosis in both views of breast mammographic images, namely cranio-caudal

(CC) and medio-lateral oblique (MLO). This paper presents a set of computational tools to

aid  segmentation and detection of mammograms that contained mass or masses in CC

and  MLO views. An artifact removal algorithm is first implemented followed by an image

denoising and gray-level enhancement method based on wavelet transform and Wiener

filter. Finally, a method for detection and segmentation of masses using multiple thresh-

olding, wavelet transform and genetic algorithm is employed in mammograms which were

randomly selected from the Digital Database for Screening Mammography (DDSM). The

developed computer method was quantitatively evaluated using the area overlap metric

(AOM). The mean ± standard deviation value of AOM for the proposed method was 79.2 ± 8%.

The  experiments demonstrate that the proposed method has a strong potential to be used

as  the basis for mammogram mass segmentation in CC and MLO views. Another important

aspect is that the method overcomes the limitation of analyzing only CC and MLO views.
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1.  Introduction

Over the past few years, the cancer has been one of the
most responsible for the high number of deaths, and could
become one of the main responsible for most deaths in the
next decades. According to the World Health Organization, the
number of deaths due to cancer, which was just 13% in 2008, is
currently having a significant increase and one estimates that
this number could reach approximately 12 million until 2030
[1].

Breast cancer is the second-most common and leading
cause of cancer death among women. In Brazil, the National
Cancer Institute (INCA) reports more  than 50,000 new cases of
the disease, with risk of 51 cases per 100,000 women [2]. Since
it still has unknown causes, a large technology investment and
a large number of human resources have to be available for
early detection in order to reduce the mortality rate of the
patients.

The screen-film mammography is an important tool used
by radiologists to detect cancer at an early stage. In this
examination, four images are obtained, two corresponding
to the right breast and two to the left breast of the projec-
tions cranio-caudal (CC) and medio-lateral oblique (MLO). The
use of CC and MLO  images improves visualization of breast
tissue and increases the chances of detecting the presence
of non-palpable breast cancer. During the examination, the
radiologist combines information from these two views to
increase the chances of determining a priori regions with
abnormalities defined as true positive (TP) and reduce the
number of regions without abnormalities, i.e., reduce false
positive (FP) regions [3]. However, screen-film mammography
is a repetitive task, making radiologists prone to oversight
errors. As a result, radiologists fail to detect from 10% up to
30% of malignant lesion on mammograms  [4].

Recently, Computer-Aided Detection (CADe) and
Computer-Aided Diagnosis (CADx) have been applied to
mammographic images to assist radiologists on lesions
analysis such as microcalcification, mass and architectural
distortions [5]. CADe schemes automatically detect and
segment suspicious lesions in mammograms, i.e., perform
a localization task. CADx systems extend the computer
analysis to characterize suspicious regions or estimate the
probability of malignancy of a lesion, and are focused on the
classification task. For a survey of the state of the art of CADx
systems, the reader is referred to a recent review article [6].
The present work is focused on an automatic segmentation
system of suspicious lesions for mammographic images.

In spite of the relevant research contributions for the area,
CADe systems exhibit different performances on detecting
and/or segmenting mass lesions or microcalcification clus-
ters. Specifically for microcalcifications, recent papers show
some progress for automatic detection methods, reaching sen-
sitivity rates of about 98%. However, mass detection is a more
complex task, because the mass is frequently indistinguish-
able from adjacent tissues. Mass detection poses a difficult
challenge because masses are often: (a) very pronounced in
size, shape and density; (b) poor in image  contrast; (c) highly
connected to the surrounding parenchymal tissue density,
particularly for speculated lesions and (d) surrounded by no

uniform tissue background with similar characteristics [7].
That makes progress be considerably slow for reliable detec-
tion of masses.

To improve diagnostic accuracies, the strategy of dou-
ble reading has been used to increase the sensitivity level.
However, the double reading performed by two  radiologists
increases operating costs and it is not always available. Com-
paring mammographic images from the same patient is a
common practice for diagnosis purposes. Usually, images
from both views (CC and MLO) of the same breast are com-
pared. Some researches show that this approach can improve
detection and diagnosis performances in contrast to employ-
ing a single mammographic view [8–11]. This methodology
reduces patient recalls for a second inspection. Frequently,
CADe commercial systems operate independently on each
mammographic view. Nevertheless, there are situations when
the system detects abnormalities in only one of the views.
Radiologists believe that there is an inconsistency when a
given lesion is not found, still being perceptible on both views,
leading to a system reliability reduction and indicating that
those results can be ignored. Several authors have been con-
ducting researches to build CADe systems that can analyze
two views on breast cancer detection [10,11].

The present work shows a set of computer-aided tools
developed for segmentation of masses using two views,
namely CC and MLO  mammographic projections. To eliminate
built-in patient informations, an algorithm is firstly applied
to remove artifacts present at the mammograms  background.
To reduce the degradation/noise occurring in the process
of image  acquisition, a pre-processing technique based on
Wiener filtering in the wavelet domain was applied to each
image. After that, a computational process combining genetic
algorithm (GA) and wavelet transform was employed to deter-
mine an appropriate number of threshold levels as well as
the values of these levels required to mass segmentation. The
GA and wavelet combination was used to decrease computa-
tional times for threshold selection. The threshold levels were
then used in a multimodal thresholding procedure for detec-
tion and segmentation of masses obtained from CC and MLO
views. The proposed computational tools were evaluated on
a set of selected cases from the public Digital Database for
Screening Mammography (DDSM) [12].

This article is organized as follows: in Section 2, it is
described the algorithm employed on artifact elimination,
breast image  enhancement and multimodal segmentation of
images obtained from both views. Section 3 presents experi-
mental results obtained with the developed algorithm. Section
4 shows result discussions and conclusions of the work.

2.  Materials  and  methods

This section describes the procedures employed for mam-
mogram masses segmentation considering both CC and MLO
views. Fig. 1 presents the block diagram of the applied algo-
rithms.

2.1.  Artifacts  elimination

The performance of segmentation algorithms can be influ-
enced by several factors such as artifacts and personal patient
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