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Abstract

This paper presents a new method for de-
tecting microcalcifications on mammograms by
using morphological filter. This filter is an ex-
tension of Top-hat transformation in morpho-
logical operations with multi-scale and multiple
structuring elements. The proposed method
makes it possible to detect geometrical struc-
tures considered to be microcalcifications on
the basis of their size, shape and density. Ex-
perimental results to show the effectiveness of
the proposed method are also presented.

1 INTRODUCTION

Mass screening of breast cancer has become
popular in advanced countries, and the num-
ber of mammograms to be diagnosed is increas-
ing vear by year. The development of auto-
matic screening system of breast cancer is ur-
gently required. For reliable diagnosis of hreast
cancer, the identification of both malignant tu-
mor and microcalcification is essential. There
have been many researches on automatic di-
agnosis of breast cancer, most of which treat
detection methods of microcalcificationstti-181,
Some researches on the mathematical charac-
terization of calcifications have been performed
1o investigate shape discrimination and be-
nign/malignant classification. Texture analytic
approaches have been primarily applied to de-
tect clustered microcalcifications®. Recently,
Methods to detect each microcalcifications on
mammogram have Dbeen proposed, in which
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Figure 1: Diagnostic system of breast cancer

static spatial filters and gray-scale threshold-
ing techniques are used®!.

The purpose of our research is to develop
a reliable system for automatic diagnosis of
breast cancer using CR( Computed Radiogra-
phy ) image. The proposed system basically
consists of two subsystems which is shown in
Figure 1. One of them is used to detect ma-
lignant tumors and the other is used for de-
tecting the presence of microcalcifications on
mammogram. By combining the results of
these two subsystems, a final decision is made.
We have previously reported a method for de-



tecting malignant tumors by using the degree
of convergence of gradient vector and ridge
point direction®-8, This paper proposes a new
method for detecting microcalcifications by us-
ing morphological filters.

In designing morphological filters, exact
specification of the structuring element is re-
quired. In almost all applications of morpho-
logical filtering, only a single structuring ele-
ment with a disk shape or square shape has
been used. Such simple filters are not very effec-
tive for detecting microcalcifications on mam-
mogram. In some researches, very simple mor-
phological operations such as erosion have been
adopted to detect microcalcifications®. We
have developed a new effective filter, which is
an extension of Top-hat transformation in mor-
phological operations with multi-scale, multi-
ple structuring elements and makes it possible
to detect geometrical structures considered to
be microcalcifications on the. basis of their size,
shape and density.

Experiments to test the performance of the
proposed method are given, whose results show
the cffectiveness of this method. Quantitative
analysis of the filter characteristics is given.

2 MATHEMATICAL
MORPHOLOGY

Mathematical Morphology is useful to ex-
tract geometrical features in the image. It is
basically a set theory and uses set transforma-
tions for image analysis. It is effective to ex-
tract a particular shape in image via the con-
cept of Structuring Element. The structuring
element encodes the primitive shape informa-
tion.

There are four basic morphological opera-
tors. They are Erosion. Dilation, Opening, and
Cllosing. These transformations use a structur-
ing element to interact with the set and ex-
tract information. A structuring element is a
set with simple size and shape and is chosen for
its geometric properties. Morphological filters
are thus transformations of signals based on the
theory of mathematical morphology and utiliz-
ing its basic operations to perform the trans-
formation.
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Morphological operators when applied to bi-
nary images are conventionally known as bi-
nary morphological operators. The hinary mor-
phological transformations of a binary image
X by structuring element B are defined as
followst101-1111,

Erosion and Dilation are defined by

XeB={z:B,.CX}= X, (1)
beB

and

XdB={z:B.nX#0 = X_p. (2)

beB

Opening and Closing are given by
Xg=(X©B)a B, (3)
and
xP=(X®B)o B, (4)

respectively. B is the symmetric set and it is
expressed by

B={-b:be B}

Erosion operator can be regarded geometri-
cally as a set transformation that shrinks a set.
It is defined as the set of all points z such that
the translation of B by z, B,, is contained in
the original set X.

Dilation operator can be considered geomet-
rically as a set transformation that expands a
set. It can be defined as the set of all points z
such that translation of B by 2 intersects the
original set.

Opening operator cuts the sharp point and
edges and Closing operator fills in the holes and
gaps in the object image.

The gray scale morphological transforma-
tions are expressed as algebraic operations in-
stead of set operations. The forms of erosion,
dilation, opening and closing on the gray scale
can be defined as follows.

(f & B)(z) = nf{f(y);y € Bs}, (5)
(f @ B)(x) = sup{f(y);y € B.}, (6)
fs=(feB)a B, (7
fB=(feB)oB. (8)



The erosion of an image f by a structuring
element B reduces the peaks and enlarges the
minima of the image. The dilation of f by B
increases the valleys and enlarges the maxima
of the image. The opening of f by B smoothes
the function f from below by cutting down its
peaks, and the closing smoothes the function f
from above by filling up its valleys.

The shape and the size of B must be de-
termined considering information which is ex-
pected to be extracted from the object im-
age. Generally, morphological operations are
expressed in the multiscale forms as follows:

f.p=(f©AB)® AB, (9)

(10)

e e
AMB=B®&B&...9 58,

and A is a scale parameter. If B is convex,
then AB has a shape like B but has a size A.
The shape of AB is controlled by the shape of
the primary pattern B, whereas A controls the
size. More detailed descriptions of both binary
and gray scale transformations can be found in
[10]and[11].

3 ALGORITHM FOR DETEC-
TION OF MICROCALCIFI-
CATIONS

We propose a new method of detecting mi-
crocalcifications on mammogram based on mor-
phological operations. It is a multiscale nonlin-
ear filtering that depends on a structuring ele-
ment pattern and on a scale parameter.

For the detection of microcalcifications on
mammogram, two problems have to be solved.
The first problem is how to combine basic op-
erators to realize efficient filter which can di-
rectly extract microcalcifications. The second
one is how to select the structuring element.
It should not only be effective to detect micro-
calcifications but also insensitive to background
noises such as a mammary gland and mammary
ducts. To solve the first problem, we evaluated
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Figure 2: Comparison of different types of morphological
filters

the performance of the following five morpho-
logical filters:

FilterA: - f© B, (11)
FilterB:  f®AB - [, (12)
FilterC:  f - f,B. (13)
FilteeD: B (14)
FilterE:  (f®AB) - (f©AB). (15)

Filter A is an edge/line enhancement filter and
it enhances the edges of gray scale images.
FilterB is a similar edge-enhancing operator.
By combining the two operators, another op-
erator FilterE is derived. FilterC is Meyer’s
Top-hat transformation. By applying the filter,
a signal is transformed into such one that con-
tains only peaks. FilterD works as a general
valley generating process.

Figure 2 shows an example of the experi-
mental results to test the performance of the
five filters. From the results we have found
FilterC very useful to extract microcalcifica-
tions from the original image. The shape of
calcification obtained by FilterC is controlled
by the shape of B, whereas the scale of cal-
cification is controlled by the size of B. We
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have used a circle pattern as a structuring ele-
ment in the above experiments, and it is useful
to extract microcalcifications from the image.
Mammary glands, however, have been trans-
formed into peaks as large as calcifications. In
order to reduce those needless peaks, we have
introduced multiple structuring elements. And
at the same time, several primitive elements
have been adopted instead of the circle pat-
tern. Finally, we used multi-scale and multiple
structuring elements and defined a new filter for
detecting microcalcifications. The new filter is
defined as follows:

Py = f— ie‘{l‘%){(f © AB;) @ AB;}
== ier(l}%f){f*Bi}' (16)

Where, f is an image including microcalcifica-
tions. B;’s and A are multiple structuring ele-
ments as shown in Figure 3, and a scale param-
eter, respectively. Both true. calcifications and
false ones are detected by the processing Py.

Figure 4 shows the results of applying a new
filter for detection of microcalcification. (a) is a
one dimensional slice signal of the original two
dimensional image data. (b) is the results of the
openings of f by AB;, and (c) is the subtraction
of (b) and (a). (d) is an enhanced signal of (¢).
The peaks in (d) correspond to microcalcifica-
tions. It i1s clear that the proposed filter is very
effective to detect microcalcifications.

To improve the detection sensitivity, we
introduced a morphological gradient. True
microcalcifications have usually edges much
clearer than those of false calcifications such as
mammary glands. It means that they can be

discriminated by the value of gradient. Mor-
phological gradient is given by
©AB~ fo AB

Mye=1 . (17)

2

Let Py(¢,j) and M,qq4(7, j) be values of P,
and morphological gradient of f at (i,j), re-
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Figure 3: Structuring Elements Patterns of B,
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Figure 4: An example of detected microcalcifications

spectively. Intermediate result, C(i, 7). is gen-
erated according to the following rules:

If P(i,j) 2 Ty and Mypaali, ) > T
Then Ci(i,7) = P, else Cy(1,5) = 0

If the value of C,(i,7) is Jarger then zero, it
means that suspicious microcalcification is ex-
tracted.

In order to detect clusters of calcifications,
grayscale multi-scale closing and opening oper-
ators are used. Let C. be an image of clustered
calcifications. It is obtained from the following
morphological operations.

Ch¥=C, 2 \BO B, (18)

C, = CMB 5 0B & M\,B. (19)

4 EXPERIMENTAL RESULTS

We used 12 CR images of mammograms
in which clustered microcalcifications are obh-
served. The image size was 2510x2000 and its
spatial resolution was 0.1mm/pixel. Figure 5
shows the processing flow of the subsystem for
microcalcifications. The first step is the pre-
processing. The second step is the detection of
breast boundary. The next processing step is
the calculation of P, by the proposed filter. In
the next step, morphological gradient M4 is
calculated, and (' is obtained. In the last pro-
cessing step. multiscale closing and opening are
applied to detect clusters of microcalcifications.

Figure 6 shows an example of the abnor-

el

mal mammogram. Figure 7 shows fig. which
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Figure 5: Flow chart of processing

is an opening of f by single structuring ele-
ment B. Figure 8 shows the result of f - fyp,
which is a normal Top-hat transformation. It
is clear that calcifications were extracted ef-
fectively, but mammary glands were also ex-
tracted. Figure 9 shows max{fyp,} : maxima
of Openings of f by multiple structuring ele-
ments B;. Figure 10 shows the result of f -
max{fip }. It is a new filter proposed in this
paper and it can be considered to be an exten-
sion of Top-hat transformation. F'rom the com-
parison of Figure 8 and Figure 10, it is clear
that the new filter is not only effective to ex-
tract calcifications, but also insensitive to back-
ground noises such as mammary glands. Fig-
ure 11 shows intermediate results C,. Morpho-
logical gradient is useful to exclude false calci-
fications. Figure 12 shows Grayscale closing of
C's by \{B. By applying this procedure, fusions
between clustered calcifications were made, and
the global clusters were obtained. Figure 13
shows Grayscale opening of (% by A\, B. The
isolated peaks were removed by using this op-
erator and, whereas the global cluster regions
can be preserved. ’

Experiments to test the performance of the
proposed methods were performed for all 12 im-
ages. All their regions of clustered microcalci-
fications were detected successfully.

Figure 7: fip : Opening of f by single structuring element
B

4 | | ™

N /

Figure 8: Subtraction of f - fip

7/

maxima of Opening of f by multi-

Figure 9: masr{fip } :
ple structuring element B,
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Figure 10: Subtraction of f and maz fip,

-

Figure 12: ¢M1%:Grayscale closing of C, by A, B

/

Figure 13: Grayscale opening of CH¥ by \,B
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5 CONCLUSION

We have proposed a new approach based
on morphological filter for detecting microcal-
cifications on mammogram. The experimental
results show the effectiveness of the proposed
method.
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