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Abstract
Mammography breast cancer images have the ability to assist 
physician in detecting disease caused by cells normal growth. 
Developing algorithms and techniques to analyze these medical 
images may also assist physicians in their daily work. This 
study  shows that the outcome of applying few image processing 
techniques  on mammogram breast cancer image and also 
improve their performance by applying the image enhancement 
techniques. This research presents a case study between the 
processed images based on the statistical data. 
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I. Introduction
X-ray mammography [1] is one of the most challenging areas 
in medical imaging. It is used to distinguish subtle differences 
in tissue type and detect very small objects, while minimizing 
the absorbed dose to the breast. Since the various tissues 
comprising the breast are radiologically similar, the dynamic 
range of mammograms is low. Special x-ray tubes capable of 
operating at low tube voltages (25–30 kV) are used, because 
the attenuation of x-rays by matter is greater and predominantly 
by photoelectric absorption at small x-ray energies, resulting in 
a larger difference in attenuation between similar soft tissues 
and, therefore, better subject contrast. However, the choice 
of x-ray energy is a compromise: too low an energy results 
in insufficient penetration with more of the photons being 
absorbed in the breast, resulting in a higher dose to the patient. 
In order to detect micro-calcifications, with diameters that can 
be less than 0.1 mm, the spatial resolution of the imaging 
system needs to be optimized. Compression of the breast, 
normally to about 4 cm in thickness, reduces x-ray scatter 
and ensures a more uniform exposure. Immobilization allows 
a shorter exposure time which minimizes motion blurring. 

      
Fig. 1 (a)                              (b)
Fig. 1(a): Normal breast. (b): Dense opacity and speculations 
(in the outlined area) indicative of a malignant lesion

Currently, most mammograms are visually examined by humans 
in search of subtle and complicated indicators of breast cancer 
fig. 1,  Clusters of micro calcifications, tiny calcium deposits, are 
diagnostic of early stage breast cancer. Reading mammograms 
can be a tedious and time-consuming task: computer-assisted 
diagnosis software is able to highlight suspicious areas in 
digital mammograms automatically for checking by a human 
expert.

Other imaging approaches, which obviate the need for 
ionizing radiation, have been used to diagnose early breast 
cancer. The most notable of these are ultrasound, magnetic 
resonance imaging (MRI), electrical impedance tomography 
and thermography. Ultrasound has been shown to complement 
x-ray mammography, since it is capable of differentiating solid 
tumors from cystic lesions. Magnetic resonance imaging [1, 3] 
is useful in imaging dense breast tissue, which is often found 
in younger women. Electrical impedance scanning devices are 
being used to detect breast tumors, which have much lower 
electrical impedance than normal breast tissue. Pre-cancerous 
and cancerous masses need an abundant supply of nutrients 
to maintain their growth. In order to provide this they increase 
circulation to their cells and create new blood vessels; this 
process results in an increase in regional surface temperatures 
of the breast. Ultrasound imaging can be used to complement 
x-ray mammography in the diagnosis of breast cancer (fig. 1) 
It can help determine whether a lump is a fluid-filled cyst or 
a solid mass, and is particularly useful in women with dense 
breast tissue and with young women, because their tissue is 
relatively opaque to x-rays.

II. Histogram
Histograms in general are frequency distributions, and 
histograms of images describe the frequency of the intensity 
values that occur in an image. Histograms are used to depict 
image statistics in an easily interpreted visual format. With a 
histogram, it is easy to determine certain types of problems 
in an image, for example, it is simple to conclude if an image 
is properly exposed by visual inspection of its histogram. It is 
important to catch errors at the image capture stage because 
poor exposure results in a permanent loss of information 
which it is not possible to recover later using image-processing 
techniques. In addition to their usefulness during image capture, 
histograms are also used later to improve the visual appearance 
of an image and as a “forensic” tool for determining what type 
of processing has previously been applied to an image.

A. Histogram Representation
A histogram of an image provides information about the 
intensity distribution of pixels in the image. The simplest form 
of a histogram is the plot of occurrence of specific gray-level 
values of the pixels in the image. The occurrence of gray levels 
can be provided in terms of the absolute values, i.e. the number 
of times a specific gray-level has occurred in the image, or the 
probability values, i.e. the probability of occurrence of a specific 
gray-level in the image. In mathematical terms, a histogram 
h(ri) is expressed as:
h(ri) = ni   for i = 0, 1, . . . , L − 1,                              (1)
Where ri is the ith gray-level in the image for a total of L gray 
values and ni is the number of occurrences of gray-level ri in the 
image. If a histogram is expressed in terms of the probability 
of occurrence of gray-levels, it can be expressed as:

p(ri) =                                                             (2)
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where n is the total number of pixels. Thus, a histogram is a 
plot of h(ri) or p(ri) versus ri. 

    
Fig. 2 (a)                                (b)                       
Fig. 2 (a): shows an X-ray mammogram image while  2(b): shows 
its gray level histogram.

Initially capitalize only the first word in other titles, including 
section titles and first, second, and third-order headings (for 
example, “Titles and headings” — as in these guidelines). Leave 
one blank line after the title.

B. Histogram Equalization
A popular general-purpose method of image enhancement is 
histogram equalization [1]. In this method, a monotonically 
increasing transformation function, T(r) is used to map the 
original gray values, ri of the input image into new gray values, 
si of the output image such that:

si = T(ri) = )

               =      for  i = 0, 1, . . . , L − 1,                        (3)
Where pr(ri) is the probability based histogram of the input image 
that is transformed into the output image with the histogram 
ps(si). The transformation function T(ri) in Eq. (3) stretches the 
histogram of the input image such that the gray values occur 
in the output image with equal probability of occurrence. It 
should be noted that the uniform distribution of the histogram 
of the output image is limited by discrete computation of the 
gray-level transformation. The histogram equalization method 
forces image intensity levels to be redistributed with an equal 
probability of occurrence. 

Fig. 3: Histogram equalization. The idea is to find and apply a 
point operation to the image (with original histogram h) such 
that the histogram heq of the modified image approximates a 
uniform distribution (top). The cumulative target histogram Heq 
must thus be approximately wedge-shaped (bottom).

The goal of histogram equalization is to find and apply a point 

operation such that the histogram of the modified image 
approximates a uniform distribution (see fig. 4). 

Fig. 4: Histogram equalization on the cumulative histogram. 
A suitable point operation a ← feq(a) shifts each histogram 
line from its original position a to a’ (left or right) such that the 
resulting cumulative histogram Heq is approximately linear.

Since the histogram is a discrete distribution and homogeneous 
point operations can only shift and merge (but never split) 
histogram entries, we can only obtain an approximate solution 
in general. In particular, there is no way to eliminate or decrease 
individual peaks in a histogram, and a truly uniform distribution 
is thus impossible to reach. Based on point operations, we 
can thus modify the image only to the extent that the resulting 
histogram is approximately uniform.

C. Local histogram equalization
Local Histogram Equalization [1] performs on a square or 
rectangular neighborhood and move the center of this area 
from pixel to pixel. At each location, the histogram of the points 
in the neighborhood is computed and either a histogram 
equalization or histogram specification [1] transformation 
function is obtained. This function is finally used to map the 
gray level of the pixel centered in the neighborhood. The center 
of the neighborhood region is then moved to an adjacent pixel 
location and the procedure is repeated. Since only one new 
row or column of the neighborhood changes during a pixel-
to-pixel translation of the region, updating the histogram 
obtained in the previous location with the new data introduced 
at each motion step is possible .This approach has obvious 
advantages over repeatedly computing the histogram over 
all pixels in the neighborhood region each time the region is 
moved one pixel location. Another approach used some times 
to reduce computation is to utilize non-overlapping regions, 
but this method usually produces an undesirable effect. Local 
Histogram Equalization  performs block-overlapped histogram 
equalization [1]. LHE defines a sub-block and retrieves its 
histogram information. Then, histogram equalization is applied 
for the center pixel using the CDF of that sub-block. Next, the 
sub-block is moved by one pixel and sub-block histogram 
equalization is repeated until the end of the input image is 
reached. Though LHE cannot adapt to partial light information 
[3], still it over-enhances some portions depending on its mask 
size. Actually, using a perfect block size that enhances all part 
of an image is not an easy and smooth task to perform.

III. Experimental Result
PSNR(peal signal to noise ratio)  and RMSE (root mean square 
error) is commonly used measure in image enhancement 
applications, which is given by

PSNR =   
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RMSE = 

Here, f (i, j) is noisy image, F (i, j) is enhanced image. If the 
value of  RMSE  is low and the values of PSNR is low then 
the enhancement approach is better. The Table 1, shows the 
performance analysis of the proposed approaches with the 
regard to mammographic medical images for breast cancer 
detection.

Table 1. Experimental results and statistical measurements.
S. No Method PSNR RMSE

1 Local histogram 
equalization 12.82 58.26

2 Histogram equalization 25.98 12.80

It was observed from the fig.5 (a) (d) and  (g)  that the proposed 
histogram equalization method is found superior than local 
histogram method. The histogram equalization method 
stretches the contrast of an image by redistributing the gray 
values to achieve a uniform distribution. Hence it has been 
cleared that the proposed method may provide good results 
in many specific applications related medical imaging. It has 
been noted from fig. 5 using cumulative distribution function 
that the histogram equalization method performs better than 
the local histogram equalization method. 

IV. Conclusion
The performance of histogram equalization techniques is 
measured using quantitative performance measures such 
as RMSE and PSNR as well as in term of visual quality of 
the images. The local histogram enhancement method for 
image enhancement techniques is failed to enhance the 
mammographic image, since the information about the 
variance of the noise may not be identified by the methods. 
Performance of all techniques of the histogram equalization 
and local equalization has been tested with mammographic 
image regard to breast cancer. The computational result 
showed that the histogram equalization image enhancement 
techniques was found suitable and performed better than the 
local enhancement technique.
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Fig. 5: Output images of the proposed method with their 
histogram and cdf .


