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Abstract: Cancer is the second most found disease, and Breast cancer is the most common in women. Breast cancer is
curable and can reduce mortality, but it needs to be identified early and treated accordingly. Radiologists use different
modalities for the identification of Breast cancer. The superiority of Mammograms over other modalities is like minor
radiation exposure and can identify different types of cancers. Therefore, mammograms are the most frequently used
imaging modality for Breast Cancer Diagnosis. However, noise can be added while capturing the image, affecting the
accuracy and analysis of the result. Therefore, using different filtering techniques to pre-process mammograms can
enhance images and improve outcomes. For the study, the MIAS dataset has been used. This paper gives a comparative
study on filters for Denoising and enhancement of mammograms. The study focuses on filters like Box Filter,
Averaging filter, Gaussian Filter, Identical Filter, Convolutional 2D Filter, Median Filter, and Bilateral Filter.
Performance measures used to compare these filters are Mean Squared Error (MSE), Structural Similarity Index
Measure (SSIM), and Peak Signal-to-noise Ratio (PSNR). All Performance measures are evaluated for all images of
MIAS dataset and compared accordingly. Results show that Gaussian Filter, Median Filter, and Bilateral Filter give
better results than other filters.

Index Terms: Mammogram Pre-processing, Mammogram Enhancement, Breast Cancer Diagnosis, Filtering
techniques, MIAS Filtering, MIAS pre-processing
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Mammogram Pre-processing Using filtering methods for Breast Cancer Diagnosis

1. Introduction

In the current era, Breast Cancer is the second-ranked majorly found disease in women [1]. According to WHO
reports, "In 2020, there were 2.3 million women diagnosed with breast cancer and 685 000 deaths globally [2]. In
cancer, the cells grow uncontrollably and make a tumor, also called a lump. There are two types of tumors: (1) Benign
and (2) Malignant. In Benign, lumps are not cancerous and do not spread to other parts. In contrast, malignant lumps are
cancer and spread to other body parts.

Early diagnosis of lesions affected and giving a treatment can lower the mortality rate. Breast cancer is curable if
detected in an early phase. There are two ways to identify tumors. One is the self-examination, in which different
symptoms can be seen and with regular observations can identify the disease. Symptoms may vary according to person,
but commonly seen symptoms in patients are Rashes around the nipple, Redness of the skin, Inverted nipple, Change in
the size of the nipple, and Armpit or breast pain. Another option is a medical checkup for tumor detection. Radiologists
use imaging techniques to detect tumors. Different imaging modalities used by Radiologists for Breast cancer diagnosis
are MRI, Mammograms, Ultrasound, Tomosynthesis, Thermography, and Biopsy.

Mammograms are commonly used imaging techniques because of their low cost, trivial exposure to radiations and
ability to detect tumors in the early stage of a Breast cancer diagnosis. However, identifying affected lesions from
different imaging scans depends on the Radiologist. CAD systems are used as a second opinion tool to avoid mistakes
and identify affected areas from mammograms [36]. In collected mammograms, many abnormalities are misinterpreted
for different reasons like pectoral muscles, poor image quality, artifacts, and noise—all of these results in a high False-
positive rate [3]. Pre-processing improves the quality and enhances mammograms for interpretation, which results in
improved visual characteristics like margin, contrast, and fine edges.

The first stage of any CAD system is image pre-processing. The noise and data that is not useful for the study will
be removed by pre-processing the image. Pre-processing helps to focus on the required information from the whole
image. For example, Micro-calcification and masses are vital signs of malignancy in the breast [4]. Micro-calcification
is tiny spots of calcium spread in the breast. Calcification is very little, so it's hard to distinguish them from surrounding
tissues in young women with dense breasts. Another lesion is mass, characterized using different attributes like shape
(round, lobular, oval, and irregular), size, location, and margin (obscured, indistinct, and speculated). These attributes
are used to classify as benign or malignant. Mass identification is more complicated than calcification because mass has
low contrast compared to calcification. In addition, mass is more similar to the structure of normal breast tissue. All
these attributes are crucial in correctly detecting and classifying the lesion. However, because of noise in the images,
important information can be suppressed. As a result, the vital information which can help radiologists can't be
identified. Therefore, preprocessing images and removing noise can help in a more informative view of data.

The paper's main objective is to give insight into different mammogram enhancement techniques, different kinds
of noise in the mammogram, applying different filters, and comparing their results concerning different performance
measures. So this can help to select a filter for preprocessing mammogram images before using them for classification.

By applying different filters and Enhancement techniques, mammogram quality can be improved and focus on
more detailed data. The contribution of the paper is as follows.

1) MIAS database is used for analysis. The paper presents a comparative study highlighting the impotence of
pre-processing mammograms for Breast cancer diagnosis.

2) Different filters like Average, Box, Gaussian, Median, and Bilateral filters are compared and applied to MIAS
dataset for a comparative study of pre-processing the images.

3) Different types of noise in an image and their removal techniques are discussed.

4) Different filters were analyzed using performance measures like MSE, SSIM, and PSNR for the MIAS
database. Results show that Median, Gaussian, and Bilateral filters give better results.

Filtering is one of the methods for pre-processing mammograms. Researchers use cropping, spatial and transform

domain filters, CNN-based methods, sharpening, and smoothing for image enhancement.
In [13], author proposed anisotropic diffusion with Wavelet results in enhanced result. Different enhancement
techniques result in different outputs as per the operations performed on the image. Filtering methods are most
frequently used to remove noise and enhance image quality. Filters are conceptually simple with enhanced results, so
they are used by many researchers for image pre-processing [28].

The paper reviews many articles from books and online scientific databases like Scopus, Web of Science, and IEEE
Xplore. As shown in figure 1, the flow of the paper is as follows. The first section gives the study introduction. The
following section Study Background, gives an overview of the areas related to work. Then, the Mammogram pre-
processing section discusses different techniques which can be applied to enhance the image. Finally, the result and
Discussion section shows the experiments performed on the MIAS dataset by applying different filters and comparing
results using various performance measures.
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Fig. 1. Paper Organization
2. Study Background

Cancer is widespread these days, and Breast Cancer is the second leading disease found in women as per WHO.
This paper's main objective is to study different types of noise in mammograms, filtering methods to enhance images,
and compare the results of different filters based on performance measures for the MIAS dataset. This section gives an
insight into the essential technologies related to the study of a Breast Cancer diagnosis. It describes areas like Medical
Imaging, CAD systems, Breast Cancer, Mammogram Images, and Different types of noise in the image related to
Breast Cancer Diagnosis.

As our study area is Breast Cancer Diagnosis, the paper discusses different medical imaging modalities used by
Radiologists and highlights why mammograms have been chosen for study purposes. The basic steps of the CAD
system are discussed here. The section also shows various mammogram data sets used by researchers for Breast cancer
diagnosis. Different types of noise which can be added to an image while generating are highlighted here. This section
background information of all these areas, which are required to get a view inside the study of mammogram pre-
processing using filtering methods for Breast Cancer Diagnosis.

A. Medical Imaging

Radiologists use different Medical Imaging techniques for Breast cancer diagnosis. The noise can be added to
these images while generating or processing the images [5]. Using other pre-processing techniques can remove noise
and enhance images, resulting in more intractable and informative data. Different imaging techniques used for cancer
diagnosis are Digital Mammography, Digital Tomosynthesis, Breast Ultrasound, Breast MRI, Biopsy, and Fine Needle
Aspiration [6]. Of all these imaging methods, Mammography, Ultrasound, and Microwave imaging are comparatively
low costs for regular screening. Most research work is done using Mammography because it is relatively low cost, uses
intense radiation, and is more effective for diagnosing breast cancer in the early stage [34].

B. CAD System.

CAD tools can be used as a second opinion tool by a Radiologist for Breast Cancer Diagnosis. Different Medical
images can be used as input to the CAD system for analysis. In our paper, mammograms are used for the diagnosis
process. As shown in figure 2, for any CAD system, the basic steps are image pre-processing,

Feature
Extraction

Image Pre-
Processing

Segmentation

Fig. 2. Computer-Aided Diagnosis steps for any system.
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Segmentation, feature extraction, selection, and classification. While capturing a digital image, noise is added to the
original image. The CAD system is vulnerable to noise, generating problems locating important information in
mammograms. We can improve an image by pre-processing and applying different filtering and enhancement
techniques. Pre-processed mammograms can be used for cancer diagnosis, and the system can focus on important
information related to Breast Cancer. Computer-aided detection (CADe) helps identify the area of interest and classify
it as mass or non-mass, whereas CADX identifies this mass as benign or malignant [23].
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Fig. 3. Mammogram pre-processing techniques

C. Breast Cancer

Cancer is the top-ranked disease in the current era. Breast cancer is the second-ranked disease in women [1]. In
cancer, cells grow uncontrollably and form a tumor. There are two types of tumor: Benign and malignant. Benign
tumors are not cancerous and do not spread to other body parts. In contrast, the malignant tumor is cancerous and can
grow in different body parts. Most commonly found Breast Cancers are Invasive Ductal Carcinoma (IDC) and
Invasive Lobular Carcinoma (ILC). In diagnosis, 70-80 percent have Invasive Ductal Carcinoma (IDC) [29]. Diagnosis
can be made in two ways: self or clinical examination. In self-examination, different symptoms are observed, like a
new lump in the breast or underarm, thickening, swelling, irritation, and redness.

In clinical examination, radiologists use mammograms or other imaging techniques for diagnosis. Different breast
abnormalities like mass, architectural distortion, calcification, and asymmetry are vital in tumor identification [16].

D. Breast Cancer Data sets

MIAS (Mammography Image Analysis Society): - It is a database for research purposes, and United Kingdom
copyright laws protect it. In MIAS, data is images and labels that can be used for research. It is also called mini-MIAS
and consists of 322 digitized films. The images are in.PGM format with each having 1024 x 1024-pixel resolutions. The
MIAS database has seven columns or features like Reference number, Background tissue, Abnormality present, severity,
coordinates, and Radius. In our study, we used the MIAS database [16]. Different filters are applied and analyzed; the
result for both Benign and Malignant data is based on the performance measures like MSE, PSNR, and SSIM.
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DDSM (Digital Database for Screening Mammography): - This project was a grant from the Breast Cancer
Research Program of the U.S. Army Medical Research and Materiel Command. There are 2620 images stored in 16-bit
PGM format and used for research purposes [25].

WBCD (Wisconsin Breast Cancer Database): - In this, the breast mass features are computed from a digitized
image using a fine needle aspirate (FNA) method. Ten real-valued features are calculated for each cell nucleus: Radius,
texture, perimeter, area, smoothness, compactness, concavity, concave points, symmetry, and fractal dimension [26].

BreakHis (Breast Cancer Histopathological Database): - It has 9109 microscopic images of breast tumor tissue,
which have been collected from different82 patients with different magnifying factors. It is divided into two main
groups, Benign and Malignant [27].

E. Different types of noise in an image

Noise is the variation in the original image’s color or information, which negatively affects the quality of an image.
It might be added during the acquisition, processing, or transmission of mammograms, which degrades the quality of
an image. The different types of noise added to mammograms are Gaussian, Salt-Paper, Speckle, Impulse, and Poisson
noise [7]. Noise can be additive or multiplicative in equations-1 and 2 respectively.

AdditiveNoise : ¢ (x,y) = a (x,y) + b (x,y) Q)

MultiplicativeNoise : ¢ (x,y) = a (x,y) * b (x,) (2

Gaussian Noise:

It is an additive, statistical noise. It is also known as Gaussian distribution because its probability density function
is a normal distribution. The function g(x) shows in equation-3, the Gaussian distribution. It is also known as electronic
noise because it is generated from amplifiers or decoders.

1 -1
gx) =mexp7(x—,u2) @)
Impulse noise:

It is generated because of a sudden change in the image signal. It is also known as spike noise, impulsive noise, or
fat-tail distribution noise, which looks like black and white pixels in the image [9].

Salt noise:
It is added by the addition of random bright (255-pixel value) all over the image.
Paper noise:

It is added by the addition of random dark (0-pixel value) all over the image.

Salt and pepper noise: It is added by adding random bright (255-pixel) and random dark (0-pixel value) all over
the image. If total noise density is p, then salt noise and paper noise have p/2 noise density, which can be represented
mathematically in equation-4 as follows.

Yy = {225 )

Where Y;; - Noisy image pixel, p-total noise density, p=p1+p2
Speckle noise:

It is generated by the multiplication of random pixels with original image pixels. Its multiplicative noise degrades
image quality—incoherent imaging systems like a laser, RADAR, etc. [10].

Poisson noise:

It is seen because electromagnetic radiation is injected into the patient’s body, and the resulting image will have
fluctuation of photons arbitrarily. The mean and variance of Poisson distribution are identical, so it is assumed that
noise has unity variance [8].

3. Mammogram Pre-processing for Breast Cancer Diagnosis
By pre-processing and applying different image enhancement techniques represent in figure-3, mammograms can
be improved, which can help to identify calcification and mass in the breast. As shown in figure 3, there are mainly

three types we can pre-process mammograms for improvement and extract more detailed information. First, Cropping
can be manual or automated. By applying Cropping, we can focus on the Region of Interest and improve with results.
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The second is noise removal, also called denoising techniques. We can use these techniques to remove noise from the
image and identify more detailed information like calcification or structural distortions in mammograms. Different
filters are used for denoising images. The third category is image enhancement using techniques like low and high pass
filters or point and spatial operations. This section describes various methods to enhance mammograms.

A. Cropping

In mammogram images, background tissues and pectoral muscles occupy an extensive area. Only 30 percent of the
site from the whole mammogram has breast tissue. Figure 4 describes mammogram with labels, artifacts, Pectoral
muscle, and other parts of Breast. In the non-breast, tissues are firmly linked, affecting further diagnosis. So, removing
unrelated content helps focus on the affected region called Region Of Interest (ROI) [35]. The area of interest can be
extracted using cropping techniques. Cropping can be done in two ways: manual or automated cropping. Both manual
and automatic cropping remove the following from mammogram images.

1) Removal of artifacts and Labels:

Mammograms are of two types—Screen-film and digital. Different artifacts on screen-film mammography are dust,
pick-off, and processor roller, static and fogging artifacts. Commonly found artifacts in Digital mammography are as
follows: patient-related artifacts: motion artifacts, antiperspirant artifacts, and thin breast artifacts. Hardware-related
artifacts: field in-homogeneity, detector-associated artifacts, collimator misalignment, underexposure, grid lines, grid
misplacement, vibration artifact. Software processing artifacts: “breast-within-a-breast” artifact, vertical processing bars,
loss of edge, high-density artifacts [11]. In pre-processing of mammograms, it is advisable to remove labels and
artifacts, which enhances image quality for identifying tumors in the breast.

2) Removal of Pectoral muscle:

Pectoral muscles are mass tissues used to support the breast body. It is essential to remove the Pectoral muscle
because this will reduce the size of the image and save processing time and computation power [13]. It will also help to
focus on the affected region.

Mear Skin
Tissue
‘ Label

Marker
Pectoral Muscle

Fatty Tissue

Glandular Tissue
Background
Area

Fig. 4. Mammogram with labels, artifacts, Pectoral muscle, and other parts of Breast [41]

B. Denoising

Different techniques are used to remove noise or distortion from the image, which results in more informative data
or images. Filtering can be used to denoise, modify, or enhance an image. Denoising techniques can be divided into
three major categories: Spatial Domain Filters, Transform Domain Filters, and CNN-based.
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1) Spatial Domain Filters:

Spatial Domain Filters directly work on pixels. There are two types: Linear Filters and Non-linear Filters. Filters
are used for functions like re-sampling, blurring, interpolation, and noise reduction in the spatial domain [12]. Filter
selection depends upon the type and amount of noise present in the image because different filters work efficiently on
particular types of noise. There are two types of filters in the spatial domain: linear and non-linear.

1.1 Linear Filter:

They are also called average filters. Mean Filter and Wiener Filter are types of linear filters. They work well on
blurred, sharp edges, corrupt lines, and other particular image information [40].

Mean Filter: They are the most detailed filters to apply and give smoothing to the image. The mean value of its
neighbors replaces each value of a mammogram image. The problem with the mean filter is that a single pixel having a
false value can affect the mean value of all pixels [9]. Arithmetic mean filters can be applied to an image using a given
equation-5.

x =000+t xy) (5)

Here x1, x,, are pixel values involved for the mean, and n is the number of pixels used for averaging. The mask
specifies pixels for the mean filter.

Wiener Filter: They are used to limit the noise in the image, which is done by comparing it with the noise-less
signal. It is used frequently for deconvolution and restoration. Inverse filters are used to recover the blurred image.
Wiener filter provides noise smoothing, blurring as well as inverse filtering. The problem with the Wiener filter is that it
destroys fine image details, sharp edges get blurred, and gives a degraded performance in the presence of noise in the
mammogram image [10].

1.2 Non- Linear filter:

When non-linear features of the signal are more critical than the overall image, non-linear filters play a crucial role
in noise reduction. Linear filters remove unusual noise from the image but with the cost of blurring it and making the
edges invisible. Non-linear filters use memory very efficiently compared to linear filters. The median filter is the
simplest non-linear filter [19].

Median Filter: It is a non-linear filter in which the corrupted pixel value is replaced by the median value of the
corresponding mask window [37]. It gives the best results by vanishing random valued impulse noise in the image. It is
also called an order-specific filter. The main characteristic of the median filter is that it preserves edges while removing
noise [9]. It is superior in the reduction of salt-pepper noise and speckle noise. The problem with the Median filter is
that it majorly shuffles the pixel intensity in neighborhoods which can be not required in many cases(see equation-6). It
can also disarrange the fine details in the original image [13].

MdF (x;) = Median(ll x; II) ? (6)
1.3 Other filters:

Like Spatial Median Filter (SMF) and Weighted Median Filter (WMF) are modifications over median filters. In the
Median spatial filter, the depth of the middle pixel is calculated and checked for whether corrupted or not. If it is
corrupted, then the only value is replaced. On the other hand, a weighted Median Filter uses weights and is easier to
design and implement [18]. Figure 5 shows different filters and their effect for mdb010 mammograms of MIAS dataset.

Original Image Average_filter

Box_filter

Gaussian_filter bilateral_filter Median_filter

Fig. 5. Different Filters applied to image mdb010 of MIAS
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2) Transform Domain Filters and Image Enhancement:

There are two types of Transfer Domain filtering. First is the Non-Data adaptive Transform, consisting of spatial
filtering techniques and Wavelet Domain filtering. The second type is Data adaptive Transform, which works on
Independent Component Analysis. Different Low-Pass and High-Pass filters are used to process and remove noise from
the image [38]. Low-Pass filters remove higher frequency from the image and blur some image content. On the other
hand, high-Pass filters remove lover frequency content from the image, eliminating overall brightness and sharpening
the image [39]. Recently Independent Component Analysis (ICA) approach is gaining attraction for Denoising images
by working on component analysis, factor analysis, and projection detection. In ICA signal is assumed to be Non-
Gaussian. The disadvantage of ICA is its computational cost because it uses a sliding window [8].

3) CNN-based Methods: Different CNN models are used for Breast Cancer Diagnosis, and CNN shows better image
pre-processing. It also improves the image resolution [24].

C. Image Enhancement:

Image quality can be improved by applying different image Enhancement techniques. The point, Spatial, and
Transform operations are commonly used methods for image enhancement. Point operations are often used to change
and enhance the contrast. Histogram equalization also plays a vital role in the Enhancement of mammograms. Most
papers applied the CLAHE (Contrast-Limited Adaptive Histogram Equalization) technique for image enhancement and
improving contrast. In [14], the author used CLAHE to enhance the contrast of the mammogram. Another is spatial
operations, in which significant operations performed are noise smoothing using Low-pass and High-pass filters. Low-
pass filters give a smoothing effect, while High-pass filters give a sharpening result. Other transform operations like
Linear, Root and Homomaorphic filtering can also apply for image enhancement.

4, Result & Discussion

This section discusses different work done in mammogram pre-processing, measuring the quality of output images
using other measurements, and a comparative view of different methods for image Denoising. Here, further work done
by researchers is also discussed in the related work section

A. Related Work

In [13], the author used a mini-MIAS dataset and enhanced mammograms by applying different filtering methods
like Median, Weiner, anisotropic, and anisotropic. The author compared these methods using measures like Standard
Deviation, PSNR, SNR, SSIM, IMAE, VAR, RMSE, and AMBE. Results show that anisotropic diffusion with wavelet
filtering is best from the given techniques. The author Neha Shahare surveys different approaches which can be applied
for image enhancement and pre-processing data. Different stages of image pre-processing and procedures related to that
have been discussed.

In [15], the author used the MIAS dataset and the two stages Adaptive Histogram technique for image
enhancement. In addition, the author used EME and entropy criteria for analysis and results in the discussion. The
results show that TSAHE (Two-Stage Adaptive Histogram Equalization) gives better results than other methods. In [16],
the author reviewed segmentation techniques like Region-based, Boundary based, Model-based, and deep learning.
Other performances used for the measure are precision, recall, F1 score, specificity, FP/Image, accuracy, Dice similarity
coefficient, and Jacquard Index. GLCM and GLRLM techniques are used for texture extraction. A Neural Network
classifier using the Back-Propagation algorithm for classification. Results were compared using ROC analysis. In [18],
the author presented applying CLAHE and thresholding methods on the MIAS database to detect Breast tumor
boundaries. He also worked on image enhancement and segmentation using Thresholding, which resulted well. Finally,
he used ClI as a performance evaluation parameter. Here author worked on the system for automatic Mass detection and
classification. The author used the CBIS-DDSM database. In [20], the first step of image preprocessing author used
normalization and then converted the image into gray-scale. Now applied wavelet transform technique to denoise the
image. Finally, using CLAHE for image enhancement.

In [21], to detect micro-calcification clusters, author used directional fractal filtering technique. It can also identify
irregularly shaped micro-calcification. In the first step, detecting and locating micro calcification are done using the
fractal mask, then zooming and enhancing an image at last applying segmentation using XOR, a logical operator. The
author compared segmentation results with CLAHE, Atos, and Haar techniques. For result analysis, the author used
measurement criteria like CIl, PSNR, and ASNR.
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Table 1. Comparative view of different methods for image Denoising

Ref Dataset Enhancement & Filtering  Segmentati Feature Classifica  Pectoral Quality Measures used
on Extraction tion Muscle
removal
[17] MIAS Median, Wiener, no no no no Standard deviation,
Anisotropic with wavelet PSNR, SNR, IMAE
[2] MIAS Wiener, Median, CLAHE yes GLCM, no no SSIM,
SRDM, PSNR,
GRMF, SNR
SGLDM
[21] MIAS Two stage Adaptive no no no no EME,
Histogram Entropy
[8] MIAS, Median filter, yes GLRLM, ANN no Accuracy,
DDSM, Morphological operators SRE, Precision, Recall
InBreast GLNU, F1 score, Jacquard &
RPERC Dice index
[22] DDSM Gaussian Filter Yes GLCM, FFNN No Accuracy,
GLRCM Sensitivity,
Specificity
[23] MIAS CLAHE Yes No Yes No Cll
[24] MIAS Non-linear filtering, yes NLMUML No No EME, AMEE,
Unsharp masking, Gradient oGMINAUT EMEE, AME,
minimization O SDME, LogAME
[25] CBIS- Wavelet Transformation, Yes No No No Sensitivity,
DDSM Median Filter. CLAHE, Specificity,
Morphological operations AUC
[26] BCDR Fractal mask, Exponential Yes No No No Cll,
& log Transform, CLAHE PSNR,
ASNR
[27] MIAS Median Filter, Yes No No No MSE,
Morphological operations, PSNR,
GUTM SSIM
[1] MIAS Lookup tables Yes No NN No MSE,
PSNR,
SSIM
[20] MIAS CLAHE Yes GLCM SVM Yes Energy,
Herlic contrast
[3] MIAS CLAHE Yes No CNN No Accuracy,
Sensitivity,
Precision,
F score
[12] MIAS Mean, Gaussian, No No No No PSNR,
Wiener, non-linear filters MSE,
SSIM

The author [22] developed a hybrid denoising method that works in two steps in this paper—first, enhancing the
image by applying different morphological operations. Then, he proposed a new technique called GUTM (Global
Unsymmetrical Trimmed Median Filter) for image denoising. For this, the steps followed by the author are the first
original image to be converted into a Gray-scale image. Now By intensity changing, the contrast of the image has been
enhanced. Then Erosion is a morphological operation applied to an image. Finally, salt and paper noise is added, and
applying the proposed GUTM method for image denoising has been compared to other filters like mean, median, and
winner using criteria like MSE, SSIM, and PSNR. The results show that GUTM gives better results compared to other
filters. In [1], the author proposed an effective preprocessing method that first removes background using Rolling Ball
Algorithm. Then Petrol muscle is removed using Canny Edge Detection and Hough line transform technique. Adding
noise without affecting the image makes the neural network system respond better. Furthermore, different Lookup
tables are used for image enhancement, which helps outline the ROIs and regions.

In [29], author work for breast lesion segmentation and area calculation using region growing method. Active
contour model is applied which make boundary clear. In [30], author work on enriching input images by generating
pseudo colored images. To achieve the goal author preprocess images using CLAHE and pixel vise intensity
adjustments. In [31], author proposed technique for micro calcification identification. First applied preprocessing
techniques to enhance Image. After that fuzzy C-means clustering algorithm applied for suspicious region detection. In
[32], author proposed hybrid approach for identification of Breast mass as benign or malignant. CBIS-DDSM dataset
used for research work. In [33], author work for effective classification and segmentation technique for breast cancer
detection. For preprocessing image, author used wavelet based enhancement method. Texture and statistical features are
extracted from preprocessed image for further work.
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B. Performance measures used and compared for MIAS pre-processing

The paper discussed different filters used to improve mammograms and noise removal. For quality assessment,
various measures used for comparison in the article are MSE, SSIM, and PSNR. All the images of MIAS are applied to
different filters and analyzed based on these measures. Table 1 highlights statistics concerning evaluation metrics after
using other filters can be seen. Table 2 shows the resultant mammograms after applying different filters. Here the
section highlights the filters like Median filter and Bilateral Filter having improved results.

Table 2. MIAS mammograms (randomly picked 4 images) results for different filters as per evaluation metrics

E‘,(j'e‘t’flﬂ;’” Filter Mdb010 | Mdb072 Mdb207 Mdb249

Average 8.97 8.56 19.91 20.34

Box 8.97 8.56 19.91 20.34

MSE Gaussian 4 3.73 10.85 11.24
Median 1.35 0.78 1.13 2.1

Bilateral 2 1.26 1.39 2.1

Average 0.98 0.99 0.98 0.98

Box 0.98 0.99 0.98 0.98

SSIM Gaussian 0.99 0.99 0.99 0.99
Median 0.98 0.99 0.99 0.98

Bilateral 0.98 0.99 0.98 0.98

Average 38.6 38.81 35.14 35.05

Box 38.6 38.81 35.14 35.05

PSNR Gaussian 4211 42.42 37.78 37.62

Median 46.83 49.23 47.6 44.91

Bilateral 45.12 47.14 46.72 44.9

1) MSE (Mean Squared Error):

It is the squared difference between each pixel of the original image and the processed image. MSE value near zero
is upraised better (see equation-7). If MSE is zero means there is no noise in the image [1].

MSE = =S5 S120(6 G ) — P )Y )

Where, G is the original image, and P is the processed image. m, n are pixels of G(original image), i, j are rows of
the pixels m and n, respectively.

In MIAS, out of 322 images, 61 images are of benign data, and 51 are Malignant. Now applied different filters are
analyzed for the improvement using MSE for both benign and malignant images of MIAS database. As shown in figure
6 and figure 7, statistics after applying different filters can be seen. Here we can say that Bilateral Filters give the best
result because, for MSE, a result close to zero is comparatively better.

Comparing filters based on MSE for Malignant data
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Fig. 6. MSE for different types of filters applied on malignant data of MIAS
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Comparing filters based on MSE for Benign data
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Fig. 7. MSE for different types of filters applied on benign data of MIAS

2) PSNR (Peak Signal to Noise Ratio):

It is the ratio between the maximum possible power of a signal and the power of the corrupting noise affecting the
quality of the image. It is used as the quality measure between original and improved or filtered images. The high value
of PSNR reflects the excellent quality of an image, and the low value reflects the lousy quality(see equation-8).

(MAX)
VMSE ®)

PSNR = 20(

Where MAX is the maximum pixel value of the image means it's 255. For the 8-bit image, a PSNR value between
30 to 50 Db is considered a good quality image. While below 20 Db PSNR value images are unacceptable. As shown in
figure 8 and figure 9, statistics after applying different filters can be seen. Here we can say that Bilateral Filters give the
best result because, for PSNR, higher the result is comparatively better.

Comparing filters based on PSNR for Malignant data
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Fig. 8. PSNR for different types of filters applied on malignant data of MIAS
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3) SSIM (Structural Similarity Index Measure):

It is used to measure image quality which has been degraded due to processing. SSIM is calculated between
original image and processed image(see equation-9). Output or Index value is in between -1 and 1. Where 1 indicates
perfect structure similarity and O indicates no similarity between two images.

Quypy+cl)(2oxy+c2)
SSIM(x,y) = -————"— 9)
(Hy2  Hy2+c1) (042, 0,2+C2)
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Fig. 10. SSIM for different types of filters applied on malignant data of MIAS

As shown in figure 10 and figure 11, statistics after applying different filters can be seen. Here we can say that
Filters gives the best result because, for SSIM, values closer to 1 are comparatively better.
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Fig. 11. SSIM for different types of filters applied on benign data of MIAS

The Paper discussed all the analyses done on the MIAS dataset using filters like Average filter, Box Filter,
Gaussian Filter, Median Filter, and Bilateral Filter. As shown in table 3, we can say that the bilateral filter, Median filter,
and Gaussian Filter give improved results for mammogram pre-processing compared to other filters.

Table 3. Filters having better results according to the measures used

MIAS Total MSE SSIM PSNR
Dataset Images

Benign 61 Bilateral Filter Median Filter Bilateral Filter
Malignant 51 Bilateral Filter Gaussian Filter | Bilateral Filter

As per the experimental results, we can say that applying different filters for noise removal can enhance
mammograms. This is because different filters work differently per the image and noise.
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5. Conclusion

Pre-processing of mammograms plays a crucial role in further diagnosis and extracting accurate results.
Mammogram denoising and enhancement techniques improve the quality of an image and the perceptibility of
abnormality in the image. In this paper, five different filters like Average, Box, Gaussian, Median, and Bilateral Filters
are applied to the MIAS database. These filter results are compared using the performance parameters like MSE, PSNR,
and SSIM. Data has been analyzed according to the benign or malignant data, and results show that different filters
work better according to the data. From the experiments performed on MIAS, it is concluded that Median, Gaussian,
and Bilateral filters work better than other filters. Different filters to the mammograms remove noise, and minor
information or structures can be seen and analyzed. However, various filters give different results per the image content
and noise. Therefore, pre-processing the mammogram is an important stage in Breast Cancer Diagnosis for more
accurate results. Other imaging modalities can be used instead of mammograms for Breast cancer diagnosis using
various filters and comparing the performance measures. In addition, other diseases like Corona, Brain tumors, Chest
cancer, or disease where images are used for diagnosis can apply image enhancement techniques for improved results.
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