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Abstract

It is a fact that breast cancer is the most common cancer among women in the western
world. The most reliable radiographic tool for the detection and diagnosis of breast
cancer is mammaography. Interpreting a mammographic image is a difficult task and
prone to many errors, thus physicists-radiologists are trained very well. Many CAD
(computer-aided detection) systems have been developed in order to provide
assistance to radiologists by classifying any mammographic lesions as benign or
malignant but their reliability is yet to be proved. The most accurate way of spotting
masses on the breast, until now, is radiologist’s opinion, making their training even
more crucial. In this paper a method which simulates all the possible masses and place
them on a mammography randomly using Monte Carlo technique, is proposed. After a
comprehensive study of many different mammographic images, the final algorithm
generates masses within a mammography, which in most cases a radiologist expert
could not make the difference between a real mass and a generated one. The proposed
method takes into account as many as possible variables for the generation of masses.
There are definitely some improvements that could be developed in the future, mostly
regarding the position of masses within the breast.
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1. Introduction

According to the American Cancer Society, breast cancer is the most common type of
cancer among women in the USA. 25% of all cancer cases diagnosed in US women
account for breast cancer. Until today, mammaography is regarded as the most reliable
method for breast cancer detection and diagnosis. Depending on the morphology of
the mass it can be either malignant or benign. The primary features that indicate
malignancy are related to the tumor’s density, size, shape and borders [2]. The
boundary of the mass extends irregularly outward from the central mass. Most of the
times, the shape of the mass can be used to discriminate between malignant and
benign masses. Because a mammogram is a two-dimensional image of a three-
dimensional breast, superposition of breast tissue produces sometimes patterns that
appear like suspicious masses to a radiologist. It is a common situation where a lesion
with typical malignant characteristics may represent benign lesions and vice versa.
Figure 1[2] illustrates the morphological spectrum of breast masses frequently seen on
mammograms.

According to the description of Gallager and Martin, the shapes of cancerous masses
often fall into two classes: nodular or stellate [6]. They have found that the outline, the
margins and the shape of the mammographic masses could be used in the
classification of the masses as either benign or malignant. Biopsies used to actually
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prove the malignancy or not, cause major mental and physical discomfort for the
patients and many unnecessary expenses as well.

Benign > Malignant
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Fia. 1. Morpholoaic spectrum of mammoaraphic

Recently a comprehensive study [1] and method was developed for the emulation of
benign and malignant masses using four categories (benign: oval circumscribed and
oval obscured; malignant: irregular ill-defined and irregular speculated). Their method
was based on the measured mass characteristics taken from mammographic images
from the university of Florida database. Their process consists of three stages: 1)
creation of an array with elliptical rings; 2) modification of the initial array and 3)
conversion of the modified elliptical array into pixel values. Their results were
evaluated from an expert radiologist showing quite realistic appearances.

In this study, a new technique to simulate mammographic lesions was developed,
using Monte Carlo methods to produce random variables for the different parameters
that constitute a mammographic mass and also to place them on random positions
within the breast tissue. Four characteristics were taken into account: a) the shape of
the mass, b) the optical density of the mass, c) the size of the mass and d) the texture
of the mass.

2. Monte Carlo

Monte Carlo is a method [5] that relies on repeated random sampling to obtain
numerical results. This method is extremely useful for simulating systems with a high
degree of freedom. It is used in Physical and mathematical problems for three main
problems: a) optimization, b) numerical integration and c) generation of samples from
a probability distribution. The Monte Carlo technique is mostly used when we want to
produce random samples and not pseudorandom. The difference between pseudo
randomness and randomness is that a pseudorandom sequence typically exhibits
statistical randomness while it is entirely generated by a deterministic causal process,
something that is not happening with a truly random process.

3. Method

The first step before starting developing the method was to study many different
mammographic images from an existing Digital Database for Screening
Mammaography from the University of South Florida, where different kind of masses
were evaluated and the main characteristics were extracted. The most challenging part
is to make the simulated masses to look as normal as possible and also produce
masses that are not clear if they are benign or malignant, just like in normal
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mammographic images. Given the fact that in real mammographic images the size
varies a lot, from very small to quite large masses, the range of possible mass sizes
that can be generated via the Monte Carlo randomness has been optimized to generate
very small difficult to distinguish masses as well as larger ones that are very obvious.

4. Shape extraction

The shape of each mass has been chosen to be circular, oval or random shape. The
first two shapes are mostly used for benign masses but the latter, the random, is used
mainly for malignant masses, since in real mammographic images the malignant
masses have irregular shape. For that purpose for each of the three shapes, a mask was
created, using as parameters the size and the shape, in order then to use the created
mask to embed the texture and optical density variables. The size has been chosen to
produce very small almost indistinguishable masses, as well as larger, about 50% of
the breast size.

For the circular shape the process is pretty clear. But for the other two shapes, some
arrangements were made, so as to enhance their randomness. As far as the oval shape
is concerned, the direction of the oval shape has to change randomly, so the code does
not create just an Oval shape, but it rotates it in a variety of angles in order to
visualize every possible combination.

For the random shape, a random walk process was created, so as to make it totally
random. As can be seen in figure 2, a square was created and then a coordinate system
was used within the square, to divide it in four different areas. Then for each quadrant
a random walk was executed, where the end of the first quadrant shape would be the
beginning of the second quadrant shape and so on. As an example, if we suppose that
the mass size is called size, then the first quadrant has the following coordinates
(0,0), (0,sizel2), (sizel2,0), (size/2, size/2). So the shape begins to create at (X0,size/2)
point, where X0 is a random value between 0 and size/2. The X0 can only move right
or preserve its value, whereas the Y value can move up or preserve its value. For
example if we started from (5,size/2) point, then for the next step we will have four
different possibilities: a) (5, size/2), b) (5,size/2-1), ¢) (6, size/2), d) (6,size/2-1). The
process terminates when we reach the second quadrant, where the X0 value would be
size/2.

end

start

Fig. 2. Explanatory figure for the random walk Fig. 3 A randomly shaped mass
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Texture [3] is a set of metrics designed to quantify the perceived texture of an image.
So the texture of an image gives us information about the spatial arrangement of color
or intensities in an image or a specific region of interest.

Optical intensity[4] is the amount of light reflected by a certain point on the object in
the direction of the viewer, which is multiplied, in most cases, by some constant factor
that depends on the parameters of the image-forming system.

In this method both the wvalues for texture and optical density have been
experimentally adjusted to simulate the way that each generated mass suits with the
image background so as not to look unreal. But even in that case, some real masses
are very different from the background of the image, making them quite obvious and
distinguishable. Even the texture of the mass can be optimized to fit the surrounding
of the image, but in some real cases with malignant masses, the mass texture is much
different from the surrounding tissue. The code that has been developed has been
optimized to produce the whole range of optical density and texture, in order to cover
all the possible situations.

In figure 3 we can see a generated a randomly shaped mass, which at the next stage
will be filtered with a Gaussian filter making the mass shape smoother[7]. Then,
before the mass is positioned on the mammographic image, it will be adjusted
according to the randomly chosen optical density.

5. Position of the masses

Another challenging part is the positioning of each generated mass on random places
within the breast. There are some complicated method that could be used to accurately
detect the edges of each mammographic image like Canny detection or Hough
transform, but it is not an essential part for my study.

The method used to constraint the places that a mass can be positioned, was
developed by making a window, within each mass can be positioned depending on
the size of the mass, as well as the size of the mammographic image. So the final
dimensions of the window are chosen in a way that covers almost the whole area of
the breast and avoiding the black background. So the algorithm selects random
positions within that window and places the generated mass.

6. Comparison

In figure 4 we can see 2 simulated mammographic images from my method which are
compared visually with another proposed method in literature[1] as well as with some
real images(figure 5).

Fig. 4. Generated masses from the
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Fig. 5. On the left is a mass generated from another method in literature[1] and on the
right is a real mass in a mammographic image

7. Discussion and conclusion

In this paper, a method to generate benign and malignant masses using Monte Carlo
technique has been developed which aims to give radiologists a reliable method to
train themselves without needing to find real mammographic images which are often
inadequate and do not cover some rare and difficult situations where the masses are
almost indistinguishable.

8. Future Research

A logical next step would be to improve the algorithm so as to detect the edges of
each mammographic image breast and then position the mass within the margins of
each breast. This requires slightly different approach to my subject since it requires
mostly image processing techniques.
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Mepinqyn

O Kapkivog Tov Haotol amotelel TV TO GLYVY LOPPT KAPKIVOL G6TOV dUTIKO KOGUO.
To mo a&omoTo epyaieio yu v aviyvevon kot Tn Sdyvmor ToL KOPKIVOy TOv
poctod amoterel M pooctoypagio. H afloddynon pog paoctoypoeiog omoteAet
amoutnTIky owdkacio ko elvol emppenng o€ mOoAAG AdON, Kabiotdvtag v
EKTAIOEVON TOV AKTIVOAGY®V 10TPAOV OKOUO TO OVCLUGTIKY]. APKETO VTOAOYIGTIK(
cvotiuate £xovv avartuyBel mov vwofonBovv to €pyo TV 1WTPOV, OGOV aPOoPH TNV
TaVOUNOT OTOLGONTOTE TEPLOYNG EVTOG TNG HacToypapioc, &ite ¢ KaAonOng eite
g kaxonOnc. IHapdia avtd, n aSomotio Tov pefdOwV avT®OV TiBeTan £v apEPOA®.
H mo akppng pébodog yia tov eviomiopd t@v paldv 6TiG LOoTOYPAPIES, amoTEAEL N
Olyvoon Tov 10Tpov, aKOUO Kol CNUEPO. XTNV TAPOLGO £pyacio emuyelpeitot mn
avantuén pag peboddov mov Ba mapdyst Stupdpwv 0MV pales, kot Ba tomobetovvTon
EVIOC TOV OplOV TOL HOGTOV, YPNOIUOTOI®VTOS TNV TEXVIKN Tov Movie Kdapiro.
Kotony evoeheyovg perlémng g oyetkng Piprloypoeiog oAAd Kot TOAAGDV
OlyvoohEévtov  poosToypaeldy, o aiyopluog mov avamtuydnke, mopdyel mTOAAEG
Swpopetikés nhlec, pe petafAntd péyebog, oynua, vEY Kol OTTIKN TUKVOTNTO, TIG
omoieg ovvepyalOpevn akTvoAOYOS 1TpOg Ekpive aAnBopaveis. Ymapyovv mepifmpio
Bedtimong tov alyopiBuov oto péAdov kupimg otov Topéa tomobétnong Tov pnalov
€VTOC TOL HOGTOV.
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