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Abstract

Breast cancer is the most common type of cancer of women worldwide, but it can be cured if
diagnosed at an early stage. Mammaography is the main means of cancer screening and provides
useful information on the signs of cancer, such as microcalcifications, masses, architectural
distortion etc., which are not easy to distinguish due to certain defects in mammographic images,
including low contrast, high noise, blurring and confusion. These challenges could be overcome by
proposing a new preprocessing model. This work proposes a pre-processing method using different
techniques and their combination in order to minimize the above-mentioned defects in
mammographic images and make them usable for further processing. The different techniques
range from filtering, thresholding, histogram, blur masking, morphological operations, thresholding
and cropping. The aim is to put the mammographic images into a representation that will facilitate
the detection of microcalcifications and the classification of healthy and cancerous images.
Algorithms were developed and tested using the publicly available international database of the
Mammographic Image Analysis Society (MIAS), which contains 322 samples. The results obtained
on the regions of interest using four samples clearly show the background of the image and the
objects (the part of the pectoral muscle and the suspicious area). These results show that much of
the adipose tissue, fat mass and some of the features observed in the zoomed-in part of the image
are significantly reduced. Furthermore, the results obtained in terms of visual quality compared to
the literature show that they are better.
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1. INTRODUCTION

Breast cancer is one of the leading causes of death of women worldwide. It represents 15% of all
cancer deaths in women and affects 2.1 million women worldwide each year (Sahar et al, 2021).
International Agency for Research on Cancer (IARC) estimates that the incidence of breast cancer
will increase by more than a third, to over three million new cases annually by 2040. This increase
will be mainly due to demographic factors and lifestyle changes (Katarzyna, 2022).According to
world health organization (WHO) in 2018, it could claim 10.30 million lives per year if left unchecked.
Screening and early diagnosis are two key strategies to reduce mortality and treatment costs by
detecting the disease at an early stage (Sahar et al, 2021). The most commonly used screening
tool is mammography (analog or digital). Mammography can reveal whether or not cancer is
present in a breast. However, the mammographic image obtained from the breast is difficult to use
because of fatty masses (Iman et al, 2022). Therefore, several researchers have worked to improve
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the contrast of mammographic images by pre-processing. Preprocessing is an important step in a
computer-aided diagnostic system (Khan et al, 2020), (Mudassar et al, 2018). Thus, Saleem Z.
Ramadan proposed a method based on bi-histogram equalization. This method divides the image
into two sub-images of medium-high and low brightness based on the average intensity of all pixels

and then histogram equalization is applied to each sub-region independently (Saleem et al 2020).
Ardymulyalswardani and WahyuHidayat made use of negative image transformation and histogram

equalization to improve the image (Ardymulya et al, 2018). Btissam ZERHARI used a hybrid
approach combining two approaches, a sequential approach and a parallel approach in order to
take advantage of both (Btissam, 2020). The authors in (Saraswathi et al, 2017) in combining the
ACWE model with the Fuzzy C means clustering method to handle the intensity in homogeneity of
images and reduce the presence of noise (Noor et al, 2023). Although various techniques have
been proposed in the literature to improve the visibility of the obtained images, no single method
gives complete satisfaction (Yosra, 2017). In this work, we propose a pre-processing method using
different techniques and their combination in order to reduce as much as possible the defects of
the mammographic images and make them usable for further processing.

The rest of this paper is organized as follows: Section 2 presents the material used and the method
developed. The implementation of the proposed method is presented in section 3. Section 4
presents the results obtained. The discussions of the obtained results are presented in section 5.
Finally, the conclusion and the perspectives of the work are presented in section 6.

2. MATERIAL AND METHODS

2.1 Material

We used the Mammographic Image Analysis Society (MIAS) digital mammography database.
MIAS is an organization of research groups interested in mammography. It is based in the United
Kingdom (UK) and has produced a database of digital mammograms (Asma, 2021). The X-ray
films in the database have been carefully selected from the UK National Breast Screening
Programmed and digitized using a Joyce-Lobel scanning microdensitometer to a resolution of 50
um x 50 um; each pixel being 8-bit coded. The database contains images of the left and right breast
of 161 patients. In total, there are 322 images, belonging to three types, namely normal, benign
and malign. There are 208 normal, 63 benign and 51 malign (abnormal) images.

We used this database because it presents several pieces of information about the abnormality,

namely the class of the lesion, its location and its size.
For our work, we used the Intel(R) Core (TM) i5 CPU, 4 GB RAM and Matlab R2017b software.

2.2 Methods

First, we performed an exhaustive bibliography search in order to be up to date with the state of
the art in mammographic image preprocessing. Then, we tested all the preprocessing methods
found in this bibliography. This allowed us to identify the limitations of these methods, and we
propose three methods with different combinations. Finally, we have built a database of digital
mammography from known digital sites for medical applications, with public access. We will first
present a brief state of the art on pre-processing techniques. In a second step, we will present our
contribution focusing on a number of combinations of the existing techniques. In a third step, we
will test our developed method on a few images from the MIAS database.

2.2.1  “Blur mask” Filter

This filter enhances the edges and increases the sharpness of the image. To obtain this filter, a
fraction of the high-pass filtered image is added to the original image as shown give the reference
of the figure.
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FIGURE 1: Block diagram of unsharp masking filter.
Thus, the image O(x,y) is obtained from the input image I(x,y) according to the equation (1):

0(x,y) =10, y) + A x Z(x,y) (1)
Where: Z(x, y) is the correction signal calculated by the linear high-pass filter (Sobel filter), A is the
enhancement factor that controls the level of contrast enhancement obtained at the output. The
processed images are sharper because the low-frequency information in the mammogram is
reduced in intensity while the high-frequency details are amplified (Xiang et al, 2018). This makes
microcalcifications more visible on mammograms.

2.2.2 Morphological Operations

Filters are obtained by combining two simple operations, erosion and dilation. These operators are
called opening and closing. Opening is defined as erosion followed by dilation while closing is
dilation followed by erosion. The opening and closing can be used to obtain two other techniques
namely the top-hat shape transform, which is defined as the difference between the original image
and its opening, while the bottom-hat shape transform is the difference between the closing image
and the original image (Sunil et al, 2022). Image addition and subtraction operations are then
performed using the top-hat and bottom-hat transforms to obtain a mammographic image
containing much more visible microcalcifications (Rafsanjany et al, 2017).

2.2.3 Thresholding
Thresholding consists of cancelling the coefficients that amplitude is lower than a given threshold.
There are two types of thresholding in the literature, namely hard and soft thresholding.

Hard thresholding consists in eliminating the coefficients that values are lower than the threshold;
the other coefficients remain unchanged. On the other hand, for soft thresholding, the coefficients
that amplitude is lower than the threshold are cancelled; the other coefficients have their amplitude

reduced by the value of the threshold.

Equations (2) and (3) define hard and soft thresholding respectively (Jingsong et al, 2019):

0 silw|<A
w si non

Dasr W, 1) = { )

Where: w represents the image coefficients and A is the threshold.

0 if lwl <A

Dgoux (W, 2) = { sgn(w)(lw| — 1) else

Where sgn(.) is the sign function.
The coefficients that amplitude is less than or equal to five, are cancelled; the others have their

amplitude reduced by five. According to these two types of thresholding, how the choice of the
threshold A is done?
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This choice is done by Donoho. It depends only on the image size and the square root of the
variance of the image size, according to equation (4).

A = ov/2log(T) (4)
Where 1 is the threshold, o is the square root of the variance and T is the image size.

2.2.4 Histogram Equalization

One of the most commonly used techniques in image pre-processing is histogram equalization
(Yuanmin et al, 2019). Histogram equalization is a contrast adjustment method that aims at
transforming the initial histogram into a "standardized" histogram. It consists in distributing the
intensities of the pixels of an image over the whole range of possible values in order to increase
the contrast. Among the most commonly used techniques in the literature, there are standard
histogram equalization, adaptive histogram equalization and bi-histogram equalization with
brightness preservation.

3. IMPLEMENTATION OF THE PROPOSED METHOD
We have proposed a method that consists in a combination of the different methods presented
above. We describe each of the combinations.

3.1 Combination 1
Combination 1is performed as follows: mathematical morphology operations (opening, closing)
followed by fuzzy mask filtering and then soft thresholding. We used this combination in order to
eliminate the white and black lines from the image captures by the morphological operation. Then,
the blur mask allows amplifying the high frequencies of the image, which correspond to the
microcalcifications. Finally, the cropping operation allows the grey levels of the image to be better
distributed when they are not well distributed in order to improve the contrast of the pre-processed
image. Figure 4 shows the steps of combining 1.

Original Filering
: ing R >
image 12" m ]
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olding ding

FIGURE 4: Steps of the combination 1.
3.2 Combination 2
Combination 2 starts with the crazy mask filtering followed by the mathematical morphology
operations and the fitting. We pursue the same goal as in combination 1. Figure 5 presents the
steps of combination 2.
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FIGURE 5: Steps of the combination 2.
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3.3 Combination 3

Combination 3 starts with mathematical morphology operations (opening, closing) followed by
fuzzy mask filtering and then adaptive histogram equalization. The aim is the same as in
combination 1 and 2. We represent the steps of combination 3 in figure 6.

Original
image

Opening

Pre- Adaptive histogram Filtering
rocessed <+ equalization (Blur
P Mask)

FIGURE 6: Steps of the combination 3.
Algorithms are developed and implemented for the above combinations and are tested using some
samples of the MIAS database.

4. RESULTS OBTAINED

Four samples from the MIAS database are used to evaluate our proposed method. We identified
and zoomed in on the suspect area for each image. This area is used to test the three combinations
described above. Figures 7 to 10 show the results obtained by each of the three combinations.

(b)

(c) (d) (e)

FIGURE 7: (a) original image, (b) zoomed region of interest, (c) image of combination 1, (d) image of
combination 2 and (e) image of combination 3, (mdb209).
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(b)

(© (d)
FIGURE 8: (a) original image, (b) zoomed region of interest, (c) image of combination 1, (d) image of combination 2
and (e) image of combination 3 (mdb249).

(© (d)

FIGURE 9: (a) original image, (b) zoomed region of interest, (c) image of combination 1, (d) image of combination 2
and (e) image of combination 3, (mdb223).
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(b)

(©) (d) (e)
FIGURE 10: (a) original image, (b) zoomed region of interest, (c) image of combination 1, (d) image of combination 2
and (e) image of combination 3 (mdb238).

5. DISCUSSIONS

It results for the four shown images that the proposed combinations significantly improve the
mammographic images. These results obtained make the background of the image and the objects
(the part of the pectoral muscle, the suspicious area) stand out distinctly. Much of the adipose
tissue, fat mass and some of the features seen in the zoomed-in part of the image are significantly
reduced. For example, in figure 9 b where a vertical line, the breast with the nipple, fatty tissue etc.
are seen, after the treatment has been performed, many of these observed parts disappear. Only
the points that initially appear to be suspicious spots are visible (cf. figure 9 ¢ and d). In figure 8 b,
we have seen a part that represents the breast on which there are stains, bright spots, adipose
tissue and fat mass and a part of the pectoral muscle. After application of our method, the adipose
tissue and fat mass have disappeared while the bright spots and stain are enhanced and appear
distinctly, as well as the pectoral muscle (cf. Figure 8 ¢ and d). Similarly, looking at figure 10 b, we
see the fat mass and a very bright spot. We applied the methods performed (especially
combinations 1 and 2); so, the fat mass is clearly reduced and the points hidden in this mass appear
(cf. figure 10 ¢ and d). The same observations are made in figure 7. These results obtained,
compared to those presented in (Yuliana et al, (2021), (llhame, (2017), (Jae, 2014)) and(Cai et al,
2019), are better. For example, Figures 11 and 12 below clearly illustrate the difference between
our proposed method and those encountered in the literature. We can see that in Figure 11 (a)
and (b) and Figure 12 (a) and (b), which are results from ((Jae, 2014), (Ilhame, (2017)) respectively,
the fat mass and adipose tissue are not sufficiently reduced while the results obtained by our
method (Figure 11 (c) and Figure 12 (c)) have sufficiently reduced the part representing the fat
mass and adipose tissue. Thus, the results presented in Figure 11, (c) and Figure 12 (c) clearly
show an area of interest that is easy to exploit while the other results (Figures 11 (a), (b) and 12
(a), (b)) show an area of interest with a lot of fat mass and the risk of having false positives seems
to be high.

International Journal of Image Processing (IJI), Volume (17) : Issue (1) : 2023 7
ISSN: 1985-2304, https:// www.cscjournals.org/ journals/ IJIP/ description.php




Y. Nadji, J. Mbainaibeye & G. Toussaint

Local statistical
measurements

e

Qutput image = T
P g€ —»  Combination

using pixel-wise
multiplication

Sliding Band
Filtering (SBF)

el

lSBF

Original mammogram i )
g g OQutput image Preprocessed mammogram

(@) (b) (©)

FIGURE 11: (a) original image, (b) preprocessed image (Jae, 2014),
(c) image preprocessed by our method.

(a) (b) (©
FIGURE 12: (a) original image, (b) preprocessed image (Ilhame, (2017),
(c) image preprocessed by our method.
Although our proposed method significantly reduces the fat mass and enhances the suspicious
points, some objects of no interest are still present in the obtained results.

6. CONLUSION AND PERSPECTIVES

We proposed a mammography image preprocessing method based on combinations of the
classical image preprocessing techniques existing in the literature. Before realizing the
combination, we tested more than five preprocessing techniques encountered in the literature in
order to realize three different image preprocessing methods. The realized methods are used to
preprocess four images taken from the MIAS mammography image base. The results obtained
showed their efficiency and allowed to improve the quality of the images in order to use them for
the detection of microcalcifications which are the warning signs of breast cancer. Compared to
some literature methods, the results obtained by our methods are better. Even though some
unnecessary objects have not been completely eliminated, their presence does not compromise
the further exploitation of the results to design and implement a decision support system. This
system will help health care personnel in the fight against breast cancer. In the future, we will
develop the algorithm using wavelet transform and multi-scale products to eliminate the residual
unwanted objects and obtain the microcalcifications, which will be used as decision features.
Classification, determination of false positive acceptance and false negative rejection ratios for
malignancy or benignity decision will also be considered.
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