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ABSTRACT

According to statistics at K hospital the rate of Viethamese women having breast cancer is
increasing and breast cancer is the most common type of cancer among women. Early detection of
breast cancer plays an important role in the treatment and cure for patients. This paper has suggested
a certain method for edge extraction in digitalized mammograms, especially in detecting
microcalcifications and masses. This method applies spatial gray level co-occurrence matrices. The
application of GLCM provides a new method of boudary extraction. When applied to mammograms, it
gives satisfactory results. A medical image processing software is built based on this algorithm to help
doctors in the analysis of mammographic images, diagnosis and detection of breast cancer. The
software is still being researched and developed and will be packed into a perfect product to aid in
breast cancer diagnosis at hospitals and in study as well.

TOM TAT

Theo théng ké tai bénh vién K ti 1é phu ni¥ Viét nam méc bénh ung thw vi ngay cang ting va
ung thw v dang tr& thanh bénh ung thw phé bién nhét ctia phu niv. Viéc phét hién sém bénh thw vi
déng mét vai tro rét quan trong trong viéc diéu tri va ctru chita bénh nhéan ung thw vi. Bai béo trinh
bay g dung ma trén GLCM (Grey-Level Co-occurence Matrix) tach bién éanh va phat hién cac cum vi
canxi hoé va khéi u trong dnh X quang vu s6 hoa. Ung dung GLCM la mét phwong phdp méi trong
viéc tach ra duong bao giita céc vung. Khi é4p dung trén dnh X quang vi, né cho két qua tuwong doi
kha quan. Dwa trén thuét toan nay, moét phdn mém xi ly énh dwoc xay dung nhdm hé tro céc béc st
trong viéc phén tich dnh X quang vu, giup chan doan va phét hién ung thw vi. Phan mém nay vén
dang duroc nghién ctru va phét trién va sé duoc déng géi thanh mét sén phdm hoan chinh gitp hé tro
viéc chdn doan sém ung thuw va tai cac bénh vién cing nhw trong viéc nghién ctru.

I. INTRODUCTION chance of survival is up to 80%, at the
1.1 Overview second stage is 60%, at the third stage it is
much lower and to the fourth stage usually
the treatment is just to prolong patient’s
lifes and ease painful symptoms rather than
to cure the disease. Masses in the breasts at

According to statistics at K hospital — the
leading hospital in cancer treatment in the
North of Vietnam — the rate of Vietnamese
women having breast cancer is increasing and

breast cancer is the most common type of the first stage cannot be felt, and can be
cancer among women. These statistics also detected by screening mammography or
indicate that, Hanoi has the highest rate of biochemical tests. At stage 1, masses are
cancer cases in Vietnam. This disease causes smaller than 2 centimeters and there is no
high rate of death, but if early detected, it can axiliary node. At stage 2 masses are from 2
be cured completely [2]. to 5 centimeters, and moving nodes on the

Early detection of breast cancer plays same side appears. At stage 4 masses are of
an important role in the treatment and cure any size, nodes usually exist and spread to
for patients. According to comment of  Otherorgans in the body such as bone, lung,
specialists, cancerous cells in the breasts liver, the remaining breast, brain. The most
have the size of sand grains at the effective diagnostic imaging method is

beginning so it is difficult to be detected. If mammography, which helps detecting of
they are detected at the first stage, the
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abnormalities two years before they become
malignant masses [8].

As we already knew, the breasts have a
complex anatomical structure with a lot of
lobes, tissues and superimposing components
which are hard to be identified on X-ray films.
However, not all abnormalities appearing on
films are signs of masses and cancer. On a
digitized mammogram, various cancerous or
pre-cancerous signs can be detected such as:
clusters of microcalcifications, visible injuries,
circumscribed  masses, illdifined masses,
asymmetric structures... Many methods of
digitized mammogram analysis have been
researched and tested successfully in order to
support doctors in the diagnosis [1,4,6]. Many
basic image processing techniques are applied
to mammograms to help doctors identify signs
and suspicious areas on mammograms. A
diagnosis-aiding system will segment and mark
suspicious areas on the images and thus help
early detection of abnormalities.

Currently in Vietnam, Hanoi K-Hospital
is the leading hospital in cancer detection and
treatment. However there are limitations in
application of cancer-diagnosis-aiding tools.
Some programmes have been used but they
only have basic functions to help doctors
interpret films more accurately such as
brightness and contrast enhancement of films....
After surveying and researching at K-Hospital
and some other hospitals, together with
studying image processing algorithms, our
group has developed a software which can
detect abnormalities on mammograms to
support doctors in the diagnosis. This software
includes various functions such as reading,
editing, deleting images, and some basic
processing steps such as contrast and brightness
enhancement, noise filtering... Additionally
there are functions of supporting study and
research such as histogram representation and
modification, boudary extraction. In this paper,
however, these functions of the software are not
discussed, but a method of microcalcification
detection using Grey-Level Co-occurence
Matrix (GLCM) which was suggested by
Haralick [9,10].
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1.2 The purpose of research and
development of the detection aiding
software:

There exists a fact that the number of
patients of breast examination is big and the
possibility of missing suspicious areas is high,
may be up to 40-50%, moreover diagnosing
results mainly depend on the quality of X-ray
films, therefore the software is developed in
order to support doctors in enhancing image
quality, analysis and segmentation of suspicious
areas on mammograms and thus make proper
conclusions on the risk of having breast cancer
of patients.

In addition, the software is also helpful in
supporting research on medical image
processing, especially radiographs.

Il. PROGRAMME CONSTRUCTION
2.1 Programming language selection

For the purpose of study and research, we
usually think of Matlab. This is a common
language providing many supporting tools.
However the limitation of Matlab is that the
programme is heavy and hard to be packed due
to copyright matter. Wherease C++ is also a
strong language and usually used for image
processing. Therefore we decided to select C#.
This strong language is easily packed into a
product and being built into a standard library
for study and research activities.

2.2 Building algorithm

A Grey-Level Co-occurrence Matrix
(GLCM) based texture measure have been the
workhorse of image texture since they were
proposed by Haralick. A GLCM is created by
calculating how often a pixel with the intensity
(gray-level) value i occurs in a specific spatial
relationship to a pixel with the value j. By
default, the spatial relationship is defined as
instance between the pixel of interest and it
adjacent pixel to the right in horizontal
direction. Each element (i,j) in the resultant
GLCM is simply the number of times that the
pixel with value i occurred in the specified
spatial relationship to a pixel with value j in the
input image [9,10].

Figure 1 shows how graycomatrix
calculates the first three values in a GLCM.



JOURNAL OF SCIENCE & TECHNOLOGY # No. 73B - 2009

/”(__ 11

5

GLCM 3 1

(=1

%

|
0
(]
0
]
0
1

1
0
1
0
]
0
0
0

= e - le e | e

0

==}

[l

ol
—“-I-Ln.h\gu
R [ P R P P = .
e le|e|m|le|lale | ol

]
0
y
0
]

0
1
0

1
1
1
1
(]
1
1

0 1 0

O |=|= === |=

Fig. 1 An example of GLCM
to right of a 3bit image.

In the output GLCM, element (1,1)
contains the value 1 because there is only one
instance in the input image where two
horizontally adjacent pixels have the same
value of 1. GLCM(1,2) contains the value 2
because there are two instances where two
horizontally adjacent pixels have the values of 1
and 2. Element (1,3) in the GLCM has the value
0 because there are no instances of two
horizontally adjacent pixels with the values 1
and 3. The input image is similarly processed
for other pixel pairs (i,j) and the number of
corresponding instances is assigned to each cell
in GLCM.

Applying GLCM to edge extraction,
segmentation, and cancification detection in
digital mammograms, there are several ways to
calculate texture measures from the GLCM,

reation from left

such as:  contrast, dissimilarity, and
homogeneity.
Contrast group measures related to

contrast use the weights related to the distance
from the GLCM diagonal

U, =3P, G j)

i,j=0

1)
Where:

P;; is the probability of a given outcome, for an
i ro, and j column.

From formula (1), in term of contrast measure,
weights (U.) increase exponentially (0, 1, 4, 9,
etc.) as one moves away from the diagonal

However in term of dissimilarity measure,
weights (Ug;s) increase linearly (0, 1, 2,3 etc.)
(formular (2)).

N-1 . .
Ugs = Zpi,j|l_ J|

i.j=0

(2)
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In these formulars, the probability of a
given outcome P;; is calculated by the formular

3).

.V
P@, J) = «=3- 3)
ZVi,,-
i,j=0
Where:
Vij: the number of times this outcome
N-1
occurs ZVLj . the total number of possible
i,j=0
outcomes
Window 1:
= Image
EEE Pixel that
receives
calculation
result
| I |
Pixel that
receives
calculation
result
11
Window?2

Fig. 2 5x5 window

The result of a texture calculation is a
single number representing the entire window
(Fig 2). This number is put in the place of
central pixel of the window, then the window is
moved one pixel. The process is repeated of
calculating a new GLCM and a new texture
measure. In this way an entire image is built up
of texture values. We can choose 3x3, 5x5 or
7%7,..., (2N-1)%(2N-1) windows (Fig. 2 is an
example of 5x5 window).

The result of the calculation shows the
difference between two neighbouring pixels in
one window. The larger the gray level
difference is, the greater the result will be and



JOURNAL OF SCIENCE & TECHNOLOGY # No. 73B - 2009

vice versa. This feature is utilized to define
edges of an image.

For higher accuracy, the results are
calculated in two directions, from left to right
and from top to bottom, and then sumarized in
the following formula (4):

Uy =4Ug +UJ (4)
Here:

Uy: stands for the summarized different gray
level of two directions
Up - different gray level from left to right

Uy - different gray level from top to bottom

2.3 Block diagram of the algorithm
Input image

il

Calculate gray
level matrix

g 4

Calculate GLCM in Calculate GLCM in
vertical direction horizontal direction

1] ]

Calculate sumarized GLCM,
calculate the contrast

U

Compare the contrast with threshold, compare
the gray level matrix with threshold

Iy

Use the result for
the image

Fig. 3 The algorithm of calculating GLCM
applied to sofware

I11. RESULTS

3.1 Functions of the software

- Reading, editing, deleting and saving image.

- Representing and balancing image historgram.
- Filtering noise and smoothing image.

- Extracting image edge.

- Detecting cancification and

microcancification.
- Detecting masses.

3.2 Results of GLCM calculation and
application

Fig. 4 Before and after thresholding image
using GLCM (applied to normal image)

Fig. 5 Before and after thresholding image
using GLCM for detecting microcalcification
(applied to mammogram)

Fig. 6 The mass before and after extracting
using GLCM

Fig. 7 Image of dense glandular tissue was
extracted using GLCM
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3.3 Result evaluation

As show in Fig.4, for normal images, the
proposed method provides a clear extraction of
boudary. For radiographs of non-dense
glandular tissue, almost all microcalcifications
and massed are detected if a proper threshold is
chosen (the probability of correct detection is
about 70%) (as shown in Fig. 5 and Fig. 6), and
with images of dense glandular tissue, the error
is relatively high (Fig. 7).

In this method, the threshold is selected
manually. Due to properties of mammograms
and methods of imaging, the brightness varies
among images, and thus these thresholds cannot
be applied to all images. A method of statistics
or a method that automatically thresholds
basing on image brightness is required.

This method can only segment the

malignance  or  benignance  of  the
microcalcifications. Therefore the algorithm
continues to be developed with the purpose of
feature extraction and recognition.

IV. CONLUSIONS

Due to properties of mammograms,
conventional boudary extraction algorithms
employing derivation, differentiation are not
suitable in detecting and extracting boudaries of
microcalcifications. The application features
extracted from GLCM can be served as a new
approach for boudary extraction. When applied
to mammograms, it gives satisfactory
segmentation results. It is rather hasty now to
state the success of this method but the result is
resonable. The algorithm is still being
researched and developed and will be packed
into a perfect product to aid in breast cancer
diagnosis at hospitals and in study as well.

microcalcifications  without indicate the
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