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Abstract. Low contrast in mammographic image has always made detection of
subtle signs such as the presence of micro calcification within dense tissue a
challenge. Therefore, numerous researches have been conducted on contrast en-
hancement technique for mammographic image. However, most of these meth-
ods focus on enhancing specific range of intensity level producing an enhanced
version of the original image. This paper proposes a new approach in dealing
with contrast enhancement for mammographic images. Instead of producing
just a single image, the approach proposed here will generate multiple different
images where each of them corresponds to different range of intensity level.
These images will then be combined together to form frames of a moving video
which would display seamless transition from one intensity level to another. As
a result, the radiologist who is performing visual inspection of the image can
sweep through the entire range of intensity level of the image which has been
contrast enhanced.

Keywords: Mammogram, Mammography, Mammographic, Contrast En-
hancement, Contrast Sweep.

1 Introduction

Breast cancer is one of the most common types of cancer among women reported all
over the world. It is also the most frequent type of cancer reported among Malaysian
women. Based on a report by National Cancer Registry of Malaysia in 2003[1], around
30% of reported cases of cancer for women in Malaysia is attributed to breast cancer.
One of the best tools used to detect early signs of breast cancer is mammography. The
low doses of X-rays used in mammography are capable of detecting microcalcifica-
tions (MCC), one of the earliest signs of breast cancer as well as the presence of other
abnormalities. However, one of the biggest challenges with mammography is that the
produced image tends to be low in contrast making the detection of MCC difficult es-
pecially in regions with dense tissue. Quite a number of studies have been conducted
on contrast enhancement techniques especially in the area MCC detection [2].
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High contrast in an image means that the difference between one intensity level to
its adjacent value is high. The ability to project the difference between intensity levels
is important because it determines the amount of details which can be perceived by
the observer. The differences in these intensity levels must be big enough before they
are distinguishable by human eye [3].

Traditionally, contrast enhancement is done on an image by taking the image and
running it through the contrast enhancement process to produce an enhanced version
of the image. Morrow et al. [4] proposed the use of region base contrast enhancement
technique by firstly identifying the region for feature of interest through the use of the
seed growing technique. The contrast between the region of interest and its back-
ground was then enhanced to create greater separation between their intensity levels
which would make the region of interest more visible to the observer. Laine et al. [5]
proposed the use of dyadic wavelet analysis for image enhancement. The image was
decomposed into multiresolution representation and processed through linear and
non-linear operators which would enhance significant features in the image. Veld-
kamp et al. [6] proposed the used of local contrast enhancement with adaptive noise
equalization which was proven to be more effective than using a fixed noised equali-
zation alone. Contrast enhancement steps performed in the method proposed by
Nunes et al. [7] was done by increasing the intensity level of pixels which have high
probability of being related to MCC while the intensity level of pixels which most
likely represent tissue was decreased. Cheng et al.[8] employed the use of fuzzy logic
in contrast enhancement to enhance selected feature such as MCC while keeping the
noise amplification to a minimum. Scharcanski et al. [9] proposed the used of adap-
tive local contrast enhancement technique. The enhancement was done adaptively,
based on the gray level and noise value.

All contrast enhancement methods mentioned above have the same common goal
i.e. to enhance regions having features of interest. Their advantages lie in their capa-
bility to target specific range of intensity levels to be enhanced which represent fea-
tures of interest, a feat that may not be possible with a simple contrast enhancement
technique. The simple contrast enhancement technique need to be performed globally
or the range of intensity level need to be specified by the user and then enhanced ma-
nually, making it less effective compared to the methods above.

The method proposed here demonstrates that the effectiveness of a simple contrast
enhancement technique can be increased through the use of a moving contrast sweep.
Instead of producing the result in the form of a single contrast enhanced image, the
method proposed here will produce multiple images which has been enhanced at dif-
ferent intensity levels. These images can then be combined to form frames for a mov-
ing video which will show seamless transition between intensity levels which have
been contrast enhanced.

2 Methods

Sample images are obtained from Hospital University Sains Malaysia (HUSM), Ku-
bang Kerian. They are actual mammographic images which have been digitized for
our analysis. The programming routine which is described here is done through
MATLAB.
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The basic idea behind this technique is to develop a programming routine which
opens up an image file, processed it through contrast enhancement techniques which
could be sourced from an existing technique or a new one and then generate multiple
enhanced images. Each image corresponds to a specific range of intensity level en-
hancement. The enhancement process is then repeated over the entire range of intensi-
tities. The resulting images can then be layered on top of each other, forming moving
video frames displaying seamless transition between intensity levels. This study fo-
cuses on mammographic images which are in gray scale format. If the image file uses
color format, it must first be converted to gray scale before it can be processed
through this methods.

The programming routine in this method is executed with the following parameters:

a. The file name of the input image,

b. The type of contrast enhancement to be used and

c. The sweep range of the intensity level where contrast enhancement will be per-
formed.

There are two options for usage i.e. the full range of 0-255 or specifying a range of
interest. Whatever the case may be, the lower and the upper limit of the intensity level
range need to be specified. The steps of the sweep need to be ascertained too. This
means that we can sweep every intensity levels within the range will be swept or by
specifying the level value, it may be skipped. Finally, the spread of the intensity level
which will determine the strength of the contrast need to be stated. A few more pa-
rameters may be added to the routine if a more complex contrast enhancement tech-
nique is desired.

2.1 Normalization

The first step to be executed after the image loading would be to normalizing the his-
togram so that the intensity level is evenly distributed across the histogram. These
steps would help to simplify the contrast enhancement technique to be used. Perform-
ing normalization prior to performing contrast enhancement is not uncommon in this
field. Cheng et al. [6] used histogram normalization with a predefined intensity level
range prior to performing their contrast enhancement technique. Our histogram nor-
malization technique is similar to the above method except that the intensity level
range is determined adaptively in our approach. The normalization equation would be
as follows:

In equation 1, i represents the value of original intensity level and j represents the
new intensity after the normalization process. i,,;, represents the minimum intensity
value while i,,,, the maximum intensity value; both having significant amounts of pix-
els. T represents the total number of intensity level which can be represented in an
image. For an 8-bit grayscale image this value would be 255.

The maximum and minimum intensity value in our approach is determined by
counting whether the intensity level has a significant amount of data. In this case, the
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value which has been chosen to determine the significance of the intensity level is the
number of pixel represented by the intensity level must be at least 0.00005% of the to-
tal number of pixels in the image. In our approach, we start measuring the amount of
data represented by each intensity level starting from the highest possible level which
is 255. We then start to work our way down the intensity level until we find a level
which has a significant amount of data. This similar process is repeated from the low-
est possible level in determining the minimum value for the intensity level.

The normalized image is then processed through contrast enhancement algorithm
starting from the lowest intensity level in the range. For every single iteration, the in-
tensity level is increased by the number of steps as specified at the beginning of the
routine. For each iteration, the processed image is saved onto a file which records the
intensity level as its name. For example if a full range (0-255) of the intensity level is
being used with increment steps of 1, a total of 255 files will be generated where each
one of them corresponds to an individual intensity level.

2.2 Contrast Stretching

For this paper, a simple non-linear contrast enhancement technique is used to redis-
tribute the pixel intensity. The contrast enhancement technique used here is given by
the equation 2:

i ifi=i
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In equation 2, i represents the value of the original intensity level and j represents
the new intensity after the execution of the contrast enhancement process. iy repre-
sents the targeted intensity level where the contrast enhancement is focused upon and
s represents the spread magnitude of the intensity level which determines the strength
of the contrast. This variable allows configurable contrast strength in the routine.

On a fairly fast workstation such as a quad core workstation, the time taken for this
iterative process may take a few seconds or up to a few minutes depending upon the
complexity of the contrast enhancement algorithm used and the size of the image.

2.3 Moving Video

The image files are then layered on top of each other to form frames of a moving
video. This would provide a seamless transition between intensity levels making it
visibly easier to see. Currently, an off the shelf movie editing software is being used
for this task. However, further development is being planned in future to develop a
customized tool for this task. This would allow greater freedom to the user in having



Mammographic Image Contrast Enhancement 537

Fig. 1. Multiple images generated at multiple different intensity levels: (a)70 (b)90 (c)110
(d)130 (e)150 (£)170 (2)190 (h)210 (1)230 (§)250

greater flexibility and control to browse through the moving video frame. Figure 1
shows the transition of multiple frames of a sample image which has been contrast
enhanced at different intensity level.

3 Results and Discussions

This method shows that MCC within mammographic image residing in different areas
within the tissue can be exposed by performing contrast enhancement at different in-
tensity levels.

Figure 2(a) shows the normalized version of the sample image 1. Clusters of MCC
at the bottom left region of the image can reasonably be observed but clusters of MCC
at the top right region are vague. Figure 2(b) shows contrast enhancement at intensity
level of 150. Clusters of MCC at the bottom left region can be observed much clearly
but clusters of MCC at the top right region cannot be detected at all. Figure 2(c)
shows contrast enhancement at the intensity level of 255. Clusters of MCC at the top
right region can now be clearly observed.

()

Fig. 2. (a)lmage sample 1 which has been normalized (b) Image sample 1 which has been con-
trast enhanced at intensity 150 (c) Image sample 1 which has been contrast enhanced at inten-
sity 255
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Figure 3(a) shows the normalized version of the sample image 2. Clusters of MCC
at the top left region of the image can vaguely be observed. Figure 3(b) shows con-
trast enhancement at the intensity level of 242. The clusters of MCC have become
much more evident.

b

(a) (b)

Fig. 3. (a)lmage sample 2 which has been normalized (b) Image sample 2 which has been con-
trast enhanced at the intensity of 242

Figure 4(a) shows the normalized version of the sample image 3. Clusters of MCC
at the top right region of the image are reasonably visible but those at the bottom left
region are quite vague. Figure 4(b) shows contrast enhancement at the intensity level
of 195. The cluster of MCC at the top right-hand region has become even more evi-
dent but not the ones at the bottom left-hand region. Figure 4(c) shows contrast en-
hancement at the intensity level of 250. The clusters of MCC at the bottom left region
have become more defined.

() (b) (c)

Fig. 4. (a) Image sample 3 which has been normalized (b) Image sample 3 which has been con-
trast enhanced at intensity 195 (c) Image sample 3 which has been contrast enhanced at inten-
sity 250

The sample image shows that MCC residing in different regions within the breast
tissue would require contrast enhancement to be performed at different intensity lev-
els. Through this approach we can sweep through different intensity level seamlessly
while at the same time, easily exposing clusters of MCC within different regions of
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the image. This approach can be combined with other existing contrast enhancement,
denoising techniques and other image sharpening techniques, making them even more
effective in exposing the MCC. However, further development is still required in de-
veloping a more refined software taking into consideration the need for a user friendly
and flexible environment necessary for users while allowing a much greater degree of
control over the image enhancement process.

4 Conclusion

Based on the method proposed in this paper, it has been demonstrated that simple
contrast enhancement technique which were previously not very effective in exposing
MCC within mammographic images may now be put to a greater use. Previously, the
detection of MCC in the cases displayed shown would require a more complex con-
trast enhancement technique. However, through the method proposed in this study, a
simple contrast enhancement technique would be just as effective. Furthermore, it is
also simple to use. The radiologist who performs the visual inspection does not need
to configure the various contrast enhancement parameters while using it. Instead all
that is needed is to sweep through the entire range of intensity levels to find any sus-
picious signs within the mammographic image.
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