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Abstract
We develop several morphological image filters that

can be useful for computer-aided medical image diagno-
sis. Some computer-aided diagnosis (CAD) systems for
lung cancer and breast cancer have been developed to assist
radiologist’s diagnosis work. The CAD systems for lung
cancer can automatically detect pathological changes (pul-
monary nodules) with a high true positive rate (TP) even
under low false positive rate (FP) conditions. On the other
hand, the conventional CAD systems for breast cancer can
automatically detect some pathological changes (calcifica-
tions and masses), but TP for other changes such as archi-
tectural distortion is still very low.

Motivated by the radiologist’s cognitive process to in-
crease TP for breast cancer, we propose new methods to
extract novel morphological features from X-ray mammog-
raphy. Simulation results demonstrate the effectiveness of
the morphological methods for detecting tumor shadows.

1 Introduction

There may be a great potential demand for using
computer-aided diagnosis (CAD) systems in clinics. Lung
cancer diagnosis is an example. With the increasing mor-
tality rate for lung cancer, X-ray computed tomography
(CT) has been used for detection of lung cancer at early
stages [1]. The early stage detection of lung cancer is ex-
tremely important for survival rate and this is true for any
pathological cells of lung cancer. Using the X-ray CT, pul-
monary nodules that are typical shadows of pathological
changes of lung cancer can be detected more clearly com-
pared to the chest X-ray examination even if they are at
early stages. This is an advantage of the X-ray CT diagno-
sis. In fact, it has been reported that the survival rate of the
later ten years can reach 90% after the detection at early
stages using X-ray CT images [2].

On the other hand, using the X-ray CT may exhaust ra-
diologists because the CT generates a large number of im-
ages (at least over 30 images per patient) and they must di-

agnose all of them. The radiologists’ exhaustion and phys-
ical tiredness might cause a wrong diagnosis especially for
a group medical examination where most of CT images are
healthy and only very few images involve the pathological
changes.

Therefore, some CAD systems for nodule diagnosis
have been developed to help their diagnosis work [3, 4].
These CAD systems can automatically detect pulmonary
nodules with a high true positive rate (TP), but the false
positive rate (FP) is also high. To reduce the FP, several
advanced methods such as neural network approaches have
been proposed [5, 6]. However, there are still some funda-
mental problems such as a low discrimination rate for vari-
ations of size and positional shift of nodule images. This is
because they are still so-called low level or simple image
recognition methods with pixel based features compared
to the radiologist’s complex diagnosis process. For this
high FP problem in lung cancer diagnosis, we have demon-
strated that a new morphological feature extraction method
by using gabor filters can be useful to further reduce [7].
This promising results may imply the effectiveness of mor-
phological filter approaches on the lung cancer CAD sys-
tems.

Another example is X-ray mammography screening [8].
The disease rate of the breast cancer is the worst among
cancers for women and early detection is also very impor-
tant for the breast cancer [9]. Although the number of im-
ages per patient is less than the X-ray CT screening, di-
agnosis of the breast cancer using X-ray mammography is
more difficult than that of lung nodules and thus it makes
more tiredness to diagnose.

For some pathological changes such as calcifications
and masses, CAD systems have been developed and they
can automatically detect such changes with a high TP [10].
However, TP for other changes of the breast cancer, such
as an architectural distortion, is still very low even under a
high FP condition [11]. This fact implies the difficulty of
the mammography diagnosis.

In this paper, we propose new methods to extract novel
morphological features from X-ray mammography images
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to increase TP for breast cancer diagnosis. The extraction
of new features are motivated by the radiologist’s higher
level cognitive process in which several features are com-
bined and integrated to conduct precise diagnosis. Simula-
tion results demonstrate the effectiveness of the new mor-
phological features for enhancing detection rate of archi-
tectural distortions of breast cancer.

2 Methods

We consider two principal morphological features of
architectural distortions shadow although there are a va-
riety of other minor features involved in the pathological
changes of architectural distortions [12]. One of the prin-
cipal features is a radiate spiculation from a point on the
shadow. The other is a local distortion of mammary gland.

To detect candidate shadows with such features, shapes
of mammary gland can be an important piece of informa-
tion. Thus, we first extract the shapes of mammary gland
from the original mammography images by using a mor-
phological filter that can detect lines structure [11]. The
morphological filter conducts the morphological opening
by using multiple linear structuring elements and an square
element. Line structure of mammary gland can be ex-
tracted by subtracting images between the two opening im-
ages. The spiculation feature is approximated by a set of
the extracted line segments. Takeo et al. [11] have pro-
posed the following feature of spiculations existence, f ,
given as

f = fc × H (1)

Here fc is a concentration feature of line segments on a
target point given by

fc =
n

∑

i=1

cos θi (2)

where n denotes the number of line segments and θi is the
angle between the ith line segment and the straight line
containing both the target point and the center point of the
ith line segment. On the other hand, H is a distribution
entropy of angles θi of line segments defined by

H = −
S

∑

j=1

Pj log Pj (3)

where S = 8 is the number of discrete angles considered
in this paper and Pj is the possibility function of the jth
angle.

Since the spiculations of architectural distortions consist
of radiate line segments with uniformly distributed angles
to the target point, both fc and H may be large. Thus, f
becomes large for such local spiculated architectural dis-
tortions.

2.1 Modified method 1

The feature of existence f becomes small for spicula-
tions near to the edge of mamma. This is because such
spiculations near to the edge consist of line segments with
angles not uniformly distributed and thus it makes H be
very small.

To overcome this drawback, we modify the definition of
the feature of existence, fm, as follows.

fm = fc + wH (4)

where w is a weighting coefficient. The modification is
nothing but to change the product of fc and H into the
weighted sum of two. However, it can be expected that
we can detect spiculations near to the edge of mamma by
choosing the w appropriately due to the adjustment of the
effect of small values of H on f .

2.2 Modified method 2

The difficulty of diagnosis of architectural distortions
may also be caused by a wide variety of the distortion shad-
ows in size, shape, and distribution of spiculations. Indeed,
there are many spiculations not limited to such shapes con-
centrating on a target point, but on a target line segments
or small regions. The conventional feature f in Eq. (1) be-
comes small for such cases as well. This is another draw-
back of the previous method.

To improve the detection capability for such cases, we
propose another modification of the feature of existence.
The basic idea of a new modification is to use a global
structural feature observed commonly in a wide range of
spiculations. That is, the general and global structure of
mammary gland can be radially symmetric or a tree struc-
ture from the nipple. Thus, if the gland directions are in-
consistent with the global structure, such gland can be a
candidate of architectural distortions.

To formalize this feature, we calculate a global concen-
tration feature, fg, on the nipple as follows.

fg = − 1
n

n
∑

k=1

cos θk (5)

where n is the number of line segments in a local region
and θk implies the angle θi in Eq. (2) with the target point
of the nipple. Note that if the gland directions are more
consistent with the global structure, the feature is negative
with the relatively larger absolute value, i.e., the smaller
number. On the other hand, the feature is the relatively
larger with smaller absolute value for the inconsistent case.
Thus, large values of fg may imply a candidate point of
such strange distortion cases.
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3 Results

3.1 Improvement by the method 1

Fig. 1 shows an example of mammography that involves
spiculations near to the edge of mamma for evaluating the
proposed method 1. Fig. 2 shows detected candidate re-
gions by using the conventional method (f ) and the pro-
posed method 1 (fm). The weight coefficient w was ad-
justed to 5

3 by a trial and error.

Figure 1: An example of mammography. The original im-
age (left) and diagnosis results by a radiologist (right). The
answer sketch is superimposed in red on the original.

  

Figure 2: Detected candidate regions by the conventional
method (left) and the proposed method 1 (right). Note that
TP for spiculations near to the edge of mamma (yellow cir-
cle) is improved as expected.

Comparing the results, it can be said that TP for spic-
ulations near to the edge of mamma (yellow circle) is im-
proved by the proposed method 1. Note that this improve-
ment can be achieved without increasing FP. Thus, these
results are promising.

3.2 Improvement by the method 2

Another example of mammography that involves a spic-
ulated distortion concentrating on a linear mammary gland
is shown in Fig. 3 for evaluating the proposed method 2.

Figure 3: Another example of mammography. The origi-
nal image (left) and diagnosis results (answer in red) by a
radiologist (right).

Figure 4: Detected candidate regions by the conventional
method (left) and the proposed method 2 (right). Note
that TP for spiculated distortions concentrating on a linear
mammary gland (yellow circle) is improved as expected.
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Fig. 4 shows detected candidate regions by using the con-
ventional method (f ) and the proposed method 2 (fg).

As new candidate regions have been detected for spicu-
lated distortions concentrating on a linear mammary gland
(yellow circle), TP for such distortions can be improved by
the proposed method 2. On the other hand, FP increased
for other candidates compared to the conventional method.
The reduction of FP can be achieved by the other feature
incorporated into the proposed one as a future work that is
now in progress.

4 Conclusions

In this paper, we have developed new methods for im-
proving detection capability of architectural distortions in
mammography. The results suggest the effectiveness of
the proposed methods on the architectural distortions de-
tection. Further reduction of FP and improvement of TP
for the other types of distortions are future works.
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