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Abstract

Mammography became the most efficient tool for early detection among breast cancer patients because
it can detect cancer up to two years earlier than a mass can be shown. Pre-processing and post-
processing of mammographic images involves high computational cost. Preprocessing is an essential
element of any imaging modalities whose foremost aim is to execute such processes which can bring the
image to that quality where it is suitable for further analysis and extraction of significant data. This
paper talks about pre-processing which has great significance in mammographic image analysis due to
poor quality of mammograms since they are captured at low dose of radiation while the high amount of
radiation may jeopardize the patient’s health. Many techniques have been used to enhance image
quality, image smoothing and noise restoration. The experimental results conclude that the proposed
Adaptive Weighted Frost filter is the best suitable choice for eliminating noise from mammographic
images and performs better comparatively. The comparison of proposed technique with various existing
techniques is performed both qualitatively and quantitatively. The experiments have demonstrated that
the proposed technique provides better results as compare to existing techniques.
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Introduction
Breast cancer is the uncontrolled growth of breast cells.
Various aspects are connected with breast cancer such as
genetics, age variation, obesity, asymmetry in breasts,
ethnicity, history of breast feeding and menses [1]. A
mammogram is a breast x-ray that is suggestive by the
physician when there is something suspected [2]. The method
contains the compression of breast between two plates with
low dose of radiation because higher dose of radiation can
destroy the patient’s health [3]. Screening mammography is
performed for detecting breast cancer before it occurs and
reduces the death rate. Only the early diagnosis is the approach
to avoid mastectomy, reduce the likelihood to return, and
increase the survival rates. Diagnostic mammography is
conducted when a woman has signs of malignancy such as a
mass which can be felt. Recent guidelines from the American
Cancer Society, the AMA (American Medical Association),
Health and Human Services Department of U.S and the ACR
(American College of Radiology) advise screening
mammography yearly for women, beginning at age 40. Various
studies have verified that mammography performed annually
reduced the rate of mortalities and are highly helpful in the

early detection of breast cancers among women between 40 to
74 ages where the probability of treatment is very high [4-6].

In developing countries, breast cancer is frequently identified
cancer and major source of fatality amongst women.
Mammography provides the complete information regarding
shape, structure and pathologies of breast which helps out in
diagnosing breast cancer [7]. The complexity occurs while
detecting masses from mammograms due to the similarities
between the masses of normal and abnormal (benign or
malignant) breast tissues [8]. The mammograms which are
confirmed as abnormal after the results of mammography
diagnostic are clinically divided into two classes: benign (non-
cancerous) and malignant (cancerous) [9,10]. It is also
significant at this time to depict about the distinctiveness and
features of mammograms which clinically distinguish between
benign and malignant. The most important characteristics
which tell either a mass is benign or malignant are its shape
(round, irregular, etc) and margins (circumscribed, ill-defined,
speculated, etc) [11,12]. The tumors with regular shape like
round and oval frequently indicate a benign change whereas
irregular shaped masses normally tells about malignancy as it
is illustrated in Figure 1 [13].
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Sometimes it becomes quiet complicated to distinguish
between benign and malignant masses because of low-contrast.
So it is pertinent to apply any automatic technique to enhance
the visual quality of mammographic image in order to forefront
the malignancies, if exists. Enhancing the contrast, extracting
the features and removing the noise are the fundamental issues
in mammograms which need to be addressed [14]. Noise may
be expressed as any change in the mammogram that do not
relate to variations in the X-ray attenuation of the object being
imaged. X-ray quantum noise is the significant type of noise
which is denoted by a Poisson distribution [15]. Such type of
noise is generally introduced during mammograms image
acquisition because of less number of x-ray photons. It reduces
the contrast of the mammogram image mainly which results in
the low value of signal-to-noise ratio (SNR) [16]. Resultantly,
the contrast of mammograms becomes low because of quantum
noise whose detection is not only a complicated job but also
challenging for the radiologists. False-negatives for radiologist
mammography interpretation vary from 10 to 30% due to
different factors [17].

Some existing methods on image enhancement are median
filtering, Frost filter, Wiener filter, histogram equalization and
contrast limited adaptive histogram equalization. The
radiologist uses various softwares like “ImageChecker” and
“SecondLook” to enhance and/or zoom the selected part of the
mammograms which are usually based on various
enhancement, segmentation/cropping and zooming techniques.
For the enhancement of mammograms, Bhateja et al. [18] used
median filter to suppress salt and pepper noise. For noise
restoration, the average of three filters (Frost, Adaptive Wiener
and non-local mean) was proposed by Naveed et al. [19]. The
mean value of these filters was replaced with noisy pixels. The
authors implemented their technique on salt & pepper and
quantum noise. They used PSNR and SSIM (structural
similarity index measure) as performance measures to evaluate
the performance of the proposed technique with various
existing methods in literature. Numerous computer aided
techniques for image processing have been developed and
applied by many of researchers for the enhancement of
mammographic images using various filters. In our proposed
method, the Frost filter is modified which intelligently remove
the noise from the mammograms. The details are discussed in
the materials and methods section.

Materials and Methods

Adaptive weighted frost filter for quantum noise
removal
The quantum noise is cause due to uneven strike of photons on
screen. During the attainment of images, this noise is usually
introduced because of low count X-Ray photons. Since the
existence of noise is directly proportional to degree of
unevenness in quantum strike, this noise can therefore be
illustrated by Poisson distribution best due to its signal
dependent in the nature. Electronic noise can be stated by
Gaussian model for a sufficiently huge number of quanta

sharing per pixel. The quantum noise affects all the pixels of an
image with very low variation which is difficult to be
experienced by naked eyes [15,16,19]. In this paper, the
modified Frost filter is used to eliminate the quantum noise
from the mammograms. Frost filter is a well-known filter to
eliminate noise which has been proposed by Frost et al. in 1982
[22]. In this present filter, the proportion of the local SD
(standard deviation) to the local mean (average) of distorted
image is the CV (coefficient of variation) as presented in the
Equation 1. The existing filter has a problem that it does not
form the pixels correlation in an image. If the adjacent pixels
are nearly connected then there is a very less probability of the
central pixel to be corrupted. Therefore the filtered image will
not produce good results.

 

 

Benign Malignant 

Figure 1. Morphologic spectrum of masses [13].

�� =∑��� ���−� � (1)
Where � = 4��2 �2��2
DN= “Digital Number (values within the moving window)”

K= “normalization constant”

I̅ = “local weighted mean calculated by using Equation 2”

σ2 = “local variance”

σ̅= “image coefficient of variation value”

|t| = |X-Xo| + |Y-Yo|

Where |X-Xo| refers to the modulus of difference from average
value in x direction and |Y-Yo| refers to the difference of
modulus from average value in y direction n= moving kernel
size. In order to handle this issue, the Frost filter is modified by
taking the weighted local average of the degraded/corrupted
image. The existing filter is using the simple average [22,23]
while the correlation of pixels is very important that is why the
proposed adaptive weighted filter uses the weighted average of
the local window. The Weighted average of empirically chosen
5 × 5 Window is computed using Equation 2. Perceptibly, a
filter that considers the correlation with the adjacent pixels
inside the moving window would create the comparatively
better enhancement results.

The proposed modified Adaptive Weighted Frost filter is hence
a ratio based filter that uses weighted sum of values within N ×
N window in order to replace the central pixel. When the
correlation with central and remaining pixels decreases, the
weighting factor also decreases and so on. The modified Frost
filter is elaborated in the Equation 2 with 5 × 5 window size:
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The proposed weighted sum formula is presented in the
Equation 2.

weighted_sum� =∑� = − 2,  � ≠ 0
2 (w�* PIX� /5),  − 2 ≤ �

≤ 2 (2)
Where�� = 2,   � = − 1, + 11,   � = − 2, + 2
The proposed weighted window shown in the Figure 2 will be
used to calculate the weighted mean.

Figure 2. Weighted window for weighted local mean.

If the lag distance of two pixels is less, then usually the gray
scale values are closer to each other. So accordingly as
presented in Figure 2, more weight is assigned to the pixels
whose lag distance is 1 and less weight whose lag distance is 2
to create the correlation among adjacent pixels. Thus the high
correlation of connected pixels is achieved which is very
important here since the adjacent pixels contribute well in
order to restore the central pixel of degraded image.
Consequently, the resultant pixel value has been replaced by
the weighted mean of filter window. That is why the proposed
Adaptive Weighted Frost filter is better to the existing Frost
and Wiener filter for quantum noise removal from
mammograms.

Performance measure
Peak signal-to-noise ratio (PSNR) is taken as a quantitative
measurement in order to evaluate the performance of the
proposed Adaptive Weighted Frost filter to remove the
quantum from mammograms using the Equation 3 [19]. The
PSNR value ranges from 30 to 50 db is considered acceptable
which means that the visual quality of mammogram is
improved.

���� �,� = 10 × ���10 �2��� �,� (3)
Where,

O denotes the “original mammogram”,

F represents the “restored mammogram”,

S refers to the value of maximum intensity (255) and

MSE is the Mean Square Error which is presented in Equation
4 [19].���(�,�) = 1�� ∑� = 1� ∑� = 1� �(�, �)− �(�, �) 2 (4)
Results and Discussion
In order to test the proposed methodology, all the experiments
were conducted using Mammographic Image Analysis Society
(MIAS) - a benchmarked dataset [21]. The modified adaptive
Frost filter successfully eliminate the noise from
mammograms, the resultant mammogram is enhanced and
noise free images which can be used for further processing like
segmentation and classification.

Table 1. PSNR comparison of proposed technique with existing
techniques.

Image/
Method

Proposed
Method

Combination of
Three Filters

Frost Filter Wiener
Filter

mdb001 34.6 28.4 27.9 26.9

mdb005 36.3 33.2 32.1 28.7

mdb007 37.8 33.5 30.9 31.1

mdb010 39.1 31.4 31.3 26.9

mdb025 34.7 28.7 28.5 27.6

mdb041 34.1 31.2 27.3 29.1

mdb064 35.5 30.6 25.1 31

mdb081 31.5 29.1 27.4 24.9

mdb099 37.9 31.8 31.5 25.2

mdb101 39.8 29.7 28.5 23.8

mdb110 36.3 30.7 27.8 29.1

mdb118 37.6 31.5 29 23.7

mdb130 35.3 28.4 26.7 25.7

mdb143 40.5 32.7 29.3 28.9

mdb162 37.6 29.9 24 27.5

mdb178 35.8 32.3 31.7 25.6

mdb199 35.4 30.6 26.5 27.1

mdb206 38.4 31.5 29.4 31.1

mdb219 42.9 33.5 27.3 23.2

mdb244 32.9 31.4 28.1 27.4
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mdb275 36.1 30.6 26.9 25.8

mdb313 33.4 29.8 31.5 21.9

mdb320 42.4 28.9 27.5 26.4

mdb322 44.7 31.6 28.4 28.7

Concerning the post-noise-removal visual quality of
mammographic images, the proposed scheme was
benchmarked with state-of-the-art and well-known techniques,
which were proposed by Naveed et al. [19], and very famous
filters, Frost filter [22] and Wiener filter [19,24], and the
quantitative results are presented in Table 1, Figure 3a and
Figure 3b. In order to remove noise, Naveed et al. proposed a
combination of Frost filter, adaptive wiener filter and non-local
mean filter.

Figure 3A. PSNR comparison of proposed technique with existing
techniques.

Figure 3B. PSNR comparison of proposed technique with existing
techniques.

Relatively, it is obvious from the overhead results that the
proposed method scored higher PSNR values while comparing
to its counterparts. This is the indication of high image quality
and visually better results achieved by the proposed technique-
PSNR above 30 db is considered good. In order to reaffirm the
above outcomes, an additional experiment is conducted. This
time, the noise is intentionally added to original
mammographic images using Matlab Poisson noise function,
and the results are shown in Figure 4. It is noticed that the
Poisson noise has been removed successfully and the sharpness
of the images are maintained; the images almost resembled
their original.

Figure 4. Noise removal: (A-A2) Original image (B-B2) Noise added
image and (C-C2) Filtered image.

The current study used a state-of-the-art preprocessing
technique in order to enhance the quality of mammograms to
removal quantum noise. The Adaptive Frost filter is modified
and implemented to preprocess the mammograms for the
detection of breast cancer. A quantitative measure Peak signal-
to-noise ratio is calculated to check the performance of
proposed filter. The experimental results revealed that adaptive
the proposed Adaptive Frost filter is the best to remove the
noise from mammograms. It is quite clear from the results that
the proposed technique achieved higher PSNR values as
compared to other three existing techniques. It demonstrates
that the quality of mammograms attained by the proposed
technique is visually better and the PSNR more than 30 db is
considered acceptable which shows that the noise is restored
from mammograms and now they are fit for further processing.
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Conclusion
The presented noise restoration technique by using modified
Frost filter to improve the quality of mammographic images
showed promising results. The results demonstrated that the
restored mammograms showed low noise level (high PSNR)
and better spatial resolution (resemblance to their originals and
no artifacts are produced in mammogram images). The
preprocessed mammographic images showed better qualitative
and quantitative results which are helpful for further processing
such as features extraction, micro-calcification detection,
breast cancer diagnosis, classification, etc. The proper pre-
processing steps also increase the efficiency of CAD (computer
aided diagnosis) systems which are used by radiologists for
abnormalities detection. The modified Frost filter produced
better PSNR values, for example in mdb001, the PSNR values
produced by modified Frost filter is 34.6 db, Naveed et al. is
28.4 db, Frost filter 27.9 db and Wiener filter is 26.9 db. The
same trend is shown by all mammographic images which
illustrates the supremacy of proposed modified filter for
mammograms restoration.
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