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Abstract 
This paper proposes a technique that extracts suspicious 
areas containing microcalcifications in digital 
mammograms and classifies them into two categories 
whether they contain benign or malignant clusters. The 
centroids and radiuses provided by expert radiologist are 
being used to locate and extract suspicious areas. Neural 
network’s generalisation abilities are used to classify them 
into benign or malignant. The technique has been 
implemented in C++ on the SP2 supercomputer. The 
database from the Department of Radiology at the 
University of Nijmegen and Lawrence Livermore National 
Laboratory has been used for the experiments. The 
preliminary results are very promising. Some of them are 
presented in this paper. 
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1. Introduction 
Breast cancer is a leading cause of fatality in 

women, with approximately 1 in 12 women affected by 
the disease during their lifetime [I, 21. In Australia, 
approximately one in 13 women develop breast cancer at 
sometime in their life, and about 1 in 25 Australian 
women [2] die because of breast cancer. 

Digital mammography currently offers the best 
cancer control strategy for early detection of breast 
cancer. A number of research projects [3, 41 [7-161 have 
been directed towards the development of more efficient 
methods for detecting and treating breast cancer. Most of 
the work on computer analysis of mammograms has 
concentrated on detection of small abnormalities, 
specifically microcalcifications [3, 41 [7-161. This can be 
a difficult, tedious, and time-consuming task since 
mammographic images are very complicated, big and 

poor in contrast. The segmentation process for extraction 
of such regions is not reliable and accurate. There are a 
few researchers [3, 4 ,IO, 131 all over the world who tried 
to combine neural networks and detection of 
microcalcifications. Some of them fed the full 
mammographic images to the neural network, others tried 
to divide mammograms into small windows and some 
tried to extract features [lo, 141. Research showed that the 
last approach is the best one, however the reported results 
for the classification of microcalcifications in the 
literature are not very impressive and need to be 
improved. 

The objective of this research is to overcome the 
above-mentioned problems by combining a technique to 
locate the areas containing the microcalcifications and 
learning and generalisation abilities of the feedforward 
neural network. 

The proposed approach is based on the previous 
work conducted by the author. In [4], he proposed a 
technique to reduce the size of mammograms by finding 
the nipple position. The technique is used to reduce the 
size of mammograms and focus only on suspicious areas. 
Also, in [3], the author proposed a neural network 
technique for detection of microcalcifications in digital 
mammography. We obtained interesting results but not as 
we expected and we found that it was because of large 
areas fed to the neural network for training. Therefore, in 

this research we used expert radiologists experience and 
developed a technique to locate the suspicious areas and 
fed small areas containing microcalcifications to the 
neural network. 

The remainder of this paper is organised as 
follows: In Section 2, we describe the proposed technique. 
Some experimental results are shown in Section 3. The 
comparison and discussion of results is presented in 
Section 4. Section 5 discusses future research. Finally, 
Section 6 concludes the paper. 
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2. Proposed techniques 
In this section, we describe the proposed 

technique and steps required to process a database of 
mammograms. 

We downloaded a database 6-om the Depanment 
of Radiology at the University of Nijmegen and als80 we 
have purchased a database through our research grant 
ftom Lawrence Livermore National Laboratory All 
images (mammograms) were in raw format and were of 
size 2048x2048. They use 12 bits (2 bytes) per pixel of 
grey-level information which were recorded with a Kodak 
MIN-WSO177 screen film combination using various 
types of equipment. Some samples of mammographic 
images containing microcalcifications (benigdmalignant) 
are shown below in Figure 1. 

a. microcalcifications b. architecture distortion 
c. comprehensive set of normal 

Figure 1. Some samples of mammograms 

We halve two files, the first with raw images and 
a second file with the centre position, radiuses arid the 
number of microcalcification clusters which were marked 
by two expert radiologists. We read in the centre position 
and radius, our algorithm allocated the cluster on the 
mammograms and fitted it into a quadratic window which 
was used by the neural network. 

2.1 Classificaltion Technique for Extracted Areas 
A feeidforward neural network with a single 

hidden layer is used to classify extracted areas containing 

microcalcifications into benign or malignant clusters. A 
full diagram of a classification system is shown below in 
Figure 2. As shown in the Figure, the areas with 
microcalcifications detected by two expert radiologists, 
located and extracted by the proposed technique, are taken 
for training of the neural network. After training, the areas 
selected by the users ffom new mammograms can be 
classified into benign or malignant. 

I Training: area containing microcalcification I 

y OutputLayeY 
Bmgn Maltgnant (Mcrocalcification) 

Figure 2. Proposed classification system 

2.1.1 Neural Network Training Algorithms 
In this research, we investigate two training 

algorithms. An error backpropagation (EBP) [4,5] with 
momentum and direct solution method (DSM) [6] based 
training algorithms were employed to train a feedforward 
neural network. 

EBP is an iterative method and DSM is a 
noniterative method. The advantage of the latter one is 
fast convergence. Both algorithms were compared in 
relation to training time and overall classification 
accuracies. 

3. Experimental Results 
The proposed approach has been implemented in 

C on the SP2 supercomputer. A SUN Sparc workstation 
and a Supercomputer (IBM SP2) are being used for 
computing and training the neural networks. A database 
[ I I ,  121 of 21 mammographic images from 21 patients 
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have been used. Currently, we are testing our technique on 
the database provided by the Lawrence Livermore 
National Laboratory. 

We have implemented and used two algorithms, 
one for converting raw images (mammograms) into a 
pixel image and second to locate and extract the 
suspicious areas based on centroid and radiuses marked 
by expert radiologists. We extracted 105 areas containing 
76 malignant and 29 benign microcalcifications. We used 
90 for training and 15 for testing. We conducted many 
experiments using both (EBP and DSM) algorithms, 
varying the number of hidden units, learning rate, 
momentum and the number of iterations. The results for 
both algorithms are shown below in Tables 1 and 2 
respectively. 

Table 1 : Classification using EBP 

# of inputs = 1257 
# of outputs = 1  
# of hidden layers 
# of training pairs 
# of test pairs 

= 1 
= 90 
= 15 

#Hidden 
Units 

10 

16 

16 

- 
a 

__ 

0.4 

0.1 

0.5 

II 

Table 2: Classification using DSM 

# of inputs = 1257 
# of outputs = 1  
# of hidden layers 
# of training pairs 

= 1 
= 90 

# of test psirs = 15 

&&&- Recognition Rate f??J [ 

100 77 

100 86.6 

4. Comparison and Discussion of Results 
Comparing results with other researchers is one 

of the most difficult tasks because of different techniques, 
parameters, data, etc, used by other researchers. The most 
similar environment to my technique to classify 
microcalcifications in Digital Mammography, was 
proposed by Zheng in [lo], where he presented a 
multistage neural network based technique, in which he 
claimed recognition rates of 81%. We obtained an overall 
recognition rate of 50% in our previous research [3], in 
which we tried to feed fi l l  images (mammograms) to the 
neural network. As can be seen in Table 1, we received 
overall recognition rate of 87% for both methods, which is 
much higher than Zheng's as well as our previous results. 
We conducted many experiments varying hidden units and 
with different sets of testing data but we could not get 
better recognition rates. DSM was much faster in training 
and more accurate than EBP with the use of more hidden 
units. We think that the overall classification rate could be 
improved with a larger training set. 

5. Future Research 
We would like to test our technique with a larger 

database, which we have already started with a database 
obtained from the Lawrence Livermore National 
Laboratory. 

Also, we would like to improve our technique by 
using an unsupervised Kohonen neural network which can 
extract features from extracted areas then feed those 
features to another feedforward neural network. 

6. Conclusions 
In this paper, we have described a technique to 

locate and classify microcalcifications in digital 
mammography. The proposed method can be used as a 
second opinion and provides help to radiologists. It 
reduces time and improves accuracy rates for detection 
and classification of microcalcifications. We applied the 
proposed approach to 21 mammograms and extracted 
suspicious areas containing benign and malignant 
calcifications. We trained a neural network with 90 

Tables 1 and 2, the results are very promising. This 
research project is ongoing and we expect even better 
results using a larger database. 

microcalcifications and tested it with 15, as can be seen in 
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