International Journal of Computer Applications (0975 — 8887)
Volume 144 — No.3, June 2016

Pre-processing of Mammography Image for Early
Detection of Breast Cancer

Aziz Makandar
Department of Computer Science
Karnataka State Women’s University
Vijayapura

ABSTRACT

Breast cancer is one of the most prevalent causes of death
among women worldwide. Hence, the early detection helps to
save the life of the women. Mammography is the basic
screening test for breast cancer. It consist many artefacts,
which negatively influences in detection of the breast cancer.
Therefore, removing artefacts and enhancing the image
quality is a required process in Computer Aided Diagnosis
(CAD) system. The accuracy and efficiency of the CAD is
increased by providing exact Region of Interest (ROI).
Extracting ROl is a challenging task in preprocessing because
the presence of pectoral muscle influences the detection of
abnormality. Here, the proposed show that the wiener filter
and Contrast Limited Adaptive Histogram Equalization
(CLAHE) techniques efficiently aids for enhancing the quality
of the image, thereby it also removes the unwanted
background and the pectoral muscle by using thresholding and
modified region growing technique respectively. Furthermore,
the proposed algorithm was tested on mini-MIAS database;
the result obtained was compared with completeness and
correctness for pectoral muscle removal and was reported as
98% and 97% respectively. Collectively, these results suggest
that the proposed method is well suited for improving the
quality of mammography image for Auto-CAD system.
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1. INTRODUCTION

Breast cancer ranks as second leading cause of death in
women worldwide [1]. According to American Cancer
Society, about 1 in 8 women will have breast cancer in her
lifetime and only 5% to 10% of breast cancers occur in
women with clearly defined genetic link [2]. Hence, the early
detection will help to have better quality of life, economical
treatment and mental peace of patient and family. With a low
dose of X-ray imaging, mammography is most basic
screening test for breast cancer and also records better
visualized internal details of the breast [3]. Usually
mammography images consist of many artefacts and noises
and makes medical images too difficult to detect and
understand the cancer at the primary stages [4]. Therefore,
standardization of image quality and extraction of ROI is
essential to limit the hunt for abnormalities.

Pre-processing of mammography helps to identifies abnormal
areas that cannot be experienced physically or visualized, but
can be detected through CAD. Imaging techniques play an
important role in CAD. The CAD helps doctors and
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radiologists to diagnose and identify the abnormality quickly
and easily [5]. Here, the proposed method helps standardize
the image quality and extracting the target ROI. By breast part
extraction, muscle part removal and enhancement of
mammogram. The proposed algorithm helps radiologist to
diagnosis the disease more accurately and takes decision
swiftly. The types of noise observed in the mammogram
image are marked in the Figure 1. In the proposed algorithm,
it abolish all these unwanted and surplus noises from the
mammogram image.

Fig 1 .Types of noises observed in original image and
marked with numbers as 1. Pictorial Muscle, 2. Tumor,
3.High Intensity, 4.Low Intensity, 5. Breast Part and 6.

Background.

Several methods have been reported for pre-processing
mammography images since 1980 because of its influences in
detection of cancer [7-9]. The techniques like adaptive median
filter, mean filter, adaptive mean filter, histogram
equalization, histogram modified local contrast enhancement,
breast region and pectoral muscle extraction, CLAHE
technique and morphological have been discussed earlier [10-
12].In this paper explored that how the selection of significant
parameters for wiener filter and CLAHE influences in the
preprocessing of CAD system. Section 2 and 3 indicates the
dataset used and proposed methodologies. Section 4 explores
the test and results of proposed method.

2. DATASET USED

For testing and analysis of the proposed algorithm, randomly
selected 100 images of Mammographic Image Analysis
Society (mini-MIAS) database, organized by J Suckling et
al.in 1994 [13]. The team developed a database of digital
mammograms. Films taken in the UK National Breast
Screening Programme (NBSP).Images were digitized to 50
micron pixel and represented with an 8-bit word of each pixel.
It reduced to a 200 micron pixel and padded, all the images
are in 1024x1024 size. The database consists of 322 digitized
mammograms (Among which it consist 202 normal and 120
abnormal images). It also includes radiologist’s markings on
the locations of abnormalities if present. Mammographic
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images are available online in Pilot European Image
Processing Archive (PEIPA) at the University of Essex.

3. PROPOSED METHOD

The main purpose of a breast cancer CAD system is to help
the radiologist and doctors to take decision swiftly. By
providing exact ROl will help to identify abnormality. The
proposed method works in three stages as explained in figure
2. The first step is to remove the back ground artefacts (label
3,4 and 6) identified in the figure 1.The second step is to
reduce the pectoral muscle (label 1) identified in figure 1 and
the digital mammography enhanced by using wiener filter and
CLAHE.

Input Image
(mini-MIAS Database

Images
s Removal of

Pectoral Muscle

technique and seed point
selected based on
orientation of the image

Removal of
Background

Extracted breast
profile by Binarising
with T=0.1

Enhancement
of the Image

Extracted ROI

Image quality
(Breast profile)

improved by Wiener
filter and CLAHE

Fig 2 Block diagram of proposed method

3.1 Background Removal

Initially image was binarized with threshold value 0.1 then the
connected component organized in descending order to
extract the largest blob which is the breast profile but consists
of pectoral muscle.

3.2 Suppression of pectoral muscle

The second stage was used to reduce the pectoral muscle part
by using modified region growing technique. The seeded
region growing is one of the image segmentation methods
[14], it works in two ways based on selected pixel locational
value and other is selection of seed point. The seed point may
be selected adaptively or manually. In the proposed method,
seed point is selected automatically by considering the
orientation of the mammography. This approach determines
the neighboring pixels of seed point and examines whether the
next pixels should be added to the region or not. The process
is iterated till to extract the complete ROI [15].

3.3 Image enhancement
Third stage was used to enhance the quality of the image
using wiener filter and CLAHE [16].

4. RESULTS AND DISCUSSION

The proposed algorithm was experimented on 100
mammogram images of mini-MIAS database that covers all
types of images such as Fatty, Glandular and Dense and the
proposed techniques automatically extracted the ROI as
shown in the figure 3.
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(a) (b) (c)

(e) Seed point

Fig 3 Experimental results proposed method(a) Original
Image (b) Binary Image with threshold value 0.1 (c)
Breast Part extracted (d) Multiplication of (a) and (c)
which consist only breast part without background (e)
seed point marked for region growing,(f) pectoral muscle
segmented,(g) suppressed from original image, (h) wiener
filter,(i) result of CLAHE

The background artefacts are removed by binirization with
threshold value 0.1 (fig 3b) and all the connected components
are organized in largest to smallest in size to extract the
largest blob (fig 3c). Then that blob is multiplied with original
image to get original breast profile (fig 3d).

The region growing method used to reduce the pectoral
muscle part. The proposed method helps to select the seed
point automatically (fig 3e) to remove the pectoral muscle (fig
3f) using modified region growing technique. The
conventional selection of seed point is modified based on the
orientation of the image. The mini-MIAS dataset consist
either left oriented or righted oriented images. Hence, the seed
point is either left topmost or right topmost first nonzero
pixel. Orientation of the image found by dividing image into
half and counting the non-zero pixels if left oriented, left part
consist more pixels else right part consist more pixels.

The image quality was enhanced by using wiener filter (fig
3h) and CLAHE (fig 3i). The evaluation of image quality is
crucial for medical imaging systems such as compression,
transmission and enhancement [17-20]. Quality of the image
measured by traditional methods [21] Root Mean Square
Error (RMSE), Peak Signal to Noise Ratio (PSNR) and Image
Quality Index (1QI) on different images with different levels
of Contrast Index (CI). The RMSE values and PSNR values
are reciprocal to each other and calculated by using following
equation 1 and 2 respectively.

RMSE = |5, 5 (xG) ¥ ) @

(2"-1)°
RMSE

PSNR = 101log @
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IQI is measured if x={xi | i=1,2 ...... M}and y={yi | i=1,2
...... N} are original and test image signals respectively. The
1QI is measured as equation 3.
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The strong reason is for using wiener filter and CLAHE for
image enhancement. Comparing the median filter, adaptive
min max and wiener filter we got high PSNR for all the
images tested as shown is the figure 4.
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Fig 4 Comparison of different filters

The above graph strongly proves that Wiener filter is suitable
for noise removal of mammography image because it gives
and high PSNR compared to min-max and median filter.
Once wiener filter selected, tested with different filtering
mask from [1 1] to [8 8] to select significant filter mask (fig 4)
for wiener filter.
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Fig 5. Selection of significant filter mask for wiener filter
(a)PSNR (b)RMSE and (c)I1QI values of different filter
masks from [1 1] to [8 8] for dense, fatty and fatty
glandular tissues.

As mask of wiener filter increased the PSNR value (fig5a) is
increased for mast [1 1], [2 2], and [3 3] whereas the RMSE
(fig 5b), 1QI (fig 5¢) values were reduced. Hence, [3 3] mask
selected as significant filter mask for wiener filter. However,
mask increased beyond significant, PSNR increased but image
gets blurred (fig 5d).Similarly for the contrast index (CI)
values, the default Cl is suitable as compared with our results.
For CI 0.2, PSNR increased and continued with slight
increase (figba) RMSE (fig 6b) and 1QI (fig6c) reduced from
the CI 0.2. Hence, contrast index 0.2 selected as significant
value.
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Fig 6. Selection of significant CI for CLAHE (a)PSNR
(b)RMSE and (c)IQI values of different CI from 0.1 to 0.8
for dense, fatty and fatty glandular tissues.

Efficiency of proposed algorithm is measured in terms of
correctness and completeness by true positive (TP), False
Positive (FP) and False Negative (FN).TP is assigned to
proper segmentation, FP is assigned to over segmentation and
FN is assigned to under segmentation using equation 4 and 5.

correctness = (4)

TP+FP

()

An experimental result shows that among 100 images 97 are
properly segmented and over segmented and 2 images are
under segmented. Hence the correctness is 0.9897 and
completeness is 0.9797 accuracy of the algorithm is 98% and
97% respectively.

T
completness = TN
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Fig 7. Comparison of result (a) Original Images (b)
Farhan et al. results (c) Results of our proposed Method

In contrast to Farhan et.al [22], the proposed technique gives
more accurate results. Figure 7 illustrates the comparison
results between existing work (fig7b) and proposed work
(fig7c). These results suggest that, our current study has
convincingly enhanced the quality of the image with better in
contrast.

5. CONCLUSIONS

Breast cancer is leading cause of death for women. Timely
screening may help to detect the abnormality but current
screening method, the mammography is low dose x-ray
image. It may miss the small changes in the breast because of
low dose x-ray it generates poor contrast image. The missed
changes may lead for serious problem. Hence, CAD system
helps to identify the diminutive changes in the breast. This
early detection may save the life of the patient. The proposed
method of pre-processing presented with removal of
background artefacts, pectoral muscle suppression and image
quality enrichment helps much in early detection. Our results
show that, significant filter mask [3, 3] for wiener filter and
Cl is0.2 for CLAHE are influencing factors for enhancement
of mammography. The complete pectoral muscle was reduced
by modified region growing techniques. The proposed method
tested on images of Mini-MIAS database, ROl extracted from
all the images accurately and proved to be suitable for CAD
system of early detection of breast cancer. Collectively, these
results prove that effective and convenient assistance for
medical diagnosis. Hence, the proposed method definitely can
be considered for automated detection of abnormality like
benign, malignant and micro calcifications.
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