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Abstract. The incidence of breast cancer is increasing every year. The mammography
screening is the only method of diagnosing the disease. The mammograms analysis is
complicated by the existence of various types of mastopathy - the most common breast disease
caused by changes in the woman's endocrine profile. More than 40 per cent of the female
population is exposed to this disease according to the WHO statistics. An algorithm for the
detection of malignant neoplasms was developed by the authors in the context of fibrosis-cystic
mastopathy. The experimental research on mammography images from the MIAS database
showed that malignant tumors were available in 80 per cent of cases (21 mammograms), in
other cases (5 mammograms) the tumor area was vaguely separated from the surrounding
tissue.

1. Introduction

In compliance with the statistical data provided by the Russian oncologists, every 5 woman is affected
by breast cancer (hereinafter BC) which is, on average, the cause of 16,000 fatal cases per annum [1,
2]. At the early stages breast cancer is virtually impossible to reveal as it is not generally accompanied
by any pain. In addition, it is a high risk of missing the diseases signs at mammography screening.
One more reason of such missing is the presence of fibrosis-cystic mastopathy (hereinafter referred to
as FCM) in a breast. FCM is a group of heterogeneous diseases characterized by a wide range of
proliferative and retrograde changes in the breast tissue with a violated ratio of epithelium and
connective tissue components.

The radiographic appearance of this mastopathy form is characterized by a mass calcification of a
glandular triangle and an abnormal structural pattern. Instead of a usual radiary streaking from the
breast base towards a nipple one can observe a chaotic and rough trabecular structure.

Diffuse FCM forms are of interest for research not only from the point of view of a significant
incidence of this pathology but mainly because they provide a background for breast cancer
development. In the opinion of many authors, malignant changes at non-proliferative FCM forms is
0.9%, at moderately intense proliferation - 2%, at strong proliferation - 31% [3].

Therefore, various mastopathy forms detected in the image complicate the neoplasm diagnostics,
especially at the early stages of cancer when the size of a tumor is not more than 1 cm. Applying
contemporary information technologies to process mammograms, both digital and digitized, helps to
improve the image quality, highlight and magnify the section of interest, automatically highlight the
areas of malignant and benign neoplasms. Therefore, as of today there is a problem consisting in
urgent necessity to enhance the quality and plausibility of breast cancer detection on the background

IV International Conference on "Information Technology and Nanotechnology" (ITNT-2018)



Image Processing and Earth Remote Sensing
Yu A Podgornova and S S Sadykov

of mastopathy at analog mammography images and the absence of contemporary technology to
implement these functions in various medical institutions. In view of the foregoing, improving the
quality and plausibility of breast cancer detection with the help of contemporary ITs is a relevant
applied scientific and technical problem.

The purpose of the paper is to develop an algorithm for breast cancer revealing on the background
of FCM allowing for the visualization of malignant tumours to find their exact location and necessary
texture characteristics.

2. Algorithm for the detection of cancer tumors on mammography images in the FCM
background
Figure 1 shows the proposed algorithm to detect malignant tumors affected by FCM.
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Figure 1. General block diagram for the algorithm of highlighting the breast cancer area on the FCM
background.

The initial mammography image is a half-tone image I(x,y) digitized by a high-precision scanner
and having the dimension of mxn dots. The pixel brightness gradation is distributed within the range
[0. 255].

Fibrous-cystic calcification areas present at mammography images significantly complicate
diagnostics as it is impossible to visually detect the neoplasm lesions located under FCM. In this case
a radiologist cannot state a plausible diagnosis to a patient. The example of the specified radiogram is
a mammography image in Figure 3(6). The authors developed an algorithm for radiographic
opacification permitting a specialist to remove a fibrous-cystic calcification layer from the image.

The method is based on historgram transformations [4, 5] of a radiographic image which can be
represented as follows:

F(X! y) =R t[l (X’ y)] (m ’ n)_l _t[0]+ (Fmax - l:min ) (I (X’ y) - Isr)' (Isr - Imin )71 (1)
where I(x,y) — current brightness value of the initial image, lma Imin, ls= Maximum, minimum and
average values of the initial mammography values, correspondingly, F(x,y) — brightness value of the
output image dot, Fax, Fmin - required maximum and minimum brightness values of the output image
dots, correspondingly, R = 1.5 — coefficient (1<=R=>2).

ti] = > (L1 (m-n)*) @

where i —brightness gradation value of the output image dot (i=0..255), j — brightness gradation value
of the initial image dot (j=0..255, j<=i,), V[j] —value of the initial image histogram element at the
brightness j (V[ j]eV ), T —area of the output image histogram element change F(x,y), t[i] — value of
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the output image histogram element at the brightness i (t[i]eT ), t[0] = t[l(x,y)=0] — value of the
processed image histogram element at the point brightness equal to , m xn — image dimension.

If we consider a mammography image showing a breast in the form of a fat involution (Figure
3(a)), the image opacification is not necessary.

The next stage of a preliminary processing is the image mask filtration.

d(x,y) =D F(x=k,y=1)-g(k,1), 3)

where d(x,y) — brightness value of the output image dot, k, I — mask dimensions (k=0..2, 1=0..2), F(x,y)
— brightness value of the initial image dot, g(k,I) — mask element.

Multiple research have shown the areas of malignant neoplasms can be highlighted with the help of
a convolution of a mammography image using the mask given in Figure 2.

2 12
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Figure 2. Mask for mammography convolution.

Such transformation of a mammography image causes some noise, that is why a median filtering is
applied with the help of the mask 3 x3 [6].
r(x,y)=M[d(x,y)] (4)
where r(x,y) — output image, M — median filtering operator.
The contour extraction block in the image locates a necessary area with clear contours.

Before extracting the contours in the image, the image texture map is subject to binarization. The
binarization algorithm is presented as follows:
1 ecm r(Xy)=Q

b(x,y) = {0 ©)

where b(x,y) — output image, Q — threshold value equal to the maximum brightness value of the image
dots r(x,y),

Q=max[r(x,y)] (6)
Contour extraction is implemented with the help of the algorithm from [5].
k(xy) = Lb(x, y)] (7)

where r(x,y) — output image, L— contour extraction operator.
The block of characteristics identification [7, 8] calculates the following:
— breast cancer area square S, (number of dots in the area);

— area perimeter P — approximately equal to the number of the area contour dots;
2

— form coefficient: K, =—
k
and other geometrical and texture characteristics of malignant neoplasms.

3. Experimental research of the proposed algorithm

The authors chose the mammography database MIAS for the experiment as all its images have a
confirmed diagnosis as well as a clear description of each image with the specification of the tumour
location. Figure 3 gives two initial mammography images.

In the radiographic image (Figure 3 (2)) in the breast upper quadrant projection one can identify a
lesion with spicular contours, the skin over the them is thickened, the nipple is inverted. Conclusion:
breast cancer.

Figure 3(b) shows that, on the background of breast tissue fat involution, one can identify a
moderately expressed FCM with predominant fibrosis. In the upper quadrant one can suspect a lesion
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presence. At the description of the screening mammography image there is a high possibility to miss
the pathologic signs.
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Figure 3. a, b — initial mammography images and their histograms, correspondingly.
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Figure 4. The results of the proposed histogram transformation: a) proposed algorithm of the
histogram transformation for the Figure 3(a), b) proposed algorithm of the histogram transformation
for the Figure 3(b).
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See Figure 3: in the image processing using the proposed opacification method, the neoplasm
described above is better visualized due to a larger difference of neoplasm and surrounding tissue
densities.

At the opacification of Figure 3(b) one can see a high-density lesion with “blurred” contours,
suspected malignant neoplasm. The next processing stage is the transformed image convolution with
the help of the mask (Figure 3).
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Figure 5. The image convolution result: a) image convolution in Figure 4(a), b) image convolution in
Figure 4(b).

Applying the mask convolution method for the image in Figure 4(a), we obtain highlighted lesions
on the breast tissues’ background, and small lesions are the tumor “seedings” poorly seen in the analog
mammaography image.

When processed with the help of the proposed method, this neoplasm (in Figure 5(b)) is
highlighted on the background of surrounding tissues which points to a malignant neoplasm with high
probability. Such characteristics as maximum and minimum brightness values, mean square deviation
and entropy were calculated for all images and united into the Tables 1 and 2 for the purpose of
comparison.

The values provided in the tables demonstrate the proposed algorithm of histogram transformations
significantly improves the initial images as it increases the MSD value and decreases the entropy value
of both initial images.

Table 1. Summary table of image characteristics for the image No. 1.

- . Average Mean
Minimum Maximum .
Image . . brightness square Entropy
brightness brightness S
value deviation
Initial image 0 240 97 68.60 7.11
Hist. transf. 0 255 80 84.5 3.51
Convolution 0 255 83 91.3 5.21
Filter. 0 249 83 82.7 491
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Figure 6. The image median filtration result: a) image median filtration in Figure 5(a), b) image
median filtration in Figure 5(b).

Table 2. Summary table of image characteristics for the image No. 2.

. . Average
Image Minimum Maximum brightness Mean square Entro
g brightness brightness \?alue deviation Py
Initial image 0 241 122 83.4 7.38
Hist. transf. 0 255 79 90.5 3.6
Convolution 0 255 77 87.3 5.05
Filter 0 249 77 81.4 4.82

Further, we apply binarization to the filtered image in Figure 6(a) and Figure 6(b) and extract the
contours of neoplasm highlighted areas.

4. Conclusion
Summing up the aforesaid, one can draw the following conclusions on the research:

1. The proposed algorithm has been used to process 43 mammography images including: 26
images with previously detected and histologically confirmed cancer, 17 mammography images with
detected changes assessed as benign neoplasms. At the mammogram processing the authors obtained:

- areas with malignant neoplasms are identified in 80% of cases (21 mammography images), in
other cases (5 mammography images) the neoplasm area was vaguely separated from surrounding
tissues;

- in 15 cases of 17 ones the lesion is not detected by the proposed algorithm. In 2 mammography
images the lesion was highlighted, the interpretation of these results needs additional research conduct.

2. The proposed algorithm for the highlight of a breast cancer area in a mammography image
allows detecting the breast cancer area even at the presence of a strong shade from FCM.

3. A set of algorithms for histogram filtering, median filtration, texture segmentation, binarization
and contour highlight is presented in the form of the algorithm for highlighting the breast cancer area
in mammography images with FCM and corresponds to all requirements of radiologists.
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c)

Figure 7. a, ¢ — Image binarization in Figure 6(a) and (b) correspondingly, b, d - Contour application

in the image in Figures 6(a), (b), correspondingly.

4. The further application of the proposed algorithm with breast cancer area highlighting on the

FCM background provides for the opportunity to automatically detect breast cancer at early stages
even at the presence of a severe FCM in a breast.
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