
 

 

  

Abstract—We designed and implemented a web-accessible 
database entitled MIRaCLe DB (Mammography Image 
reading for Radiologists' and Computers' Learning Database) 
that composes a dynamic repository for machines and 
radiologists training and evaluation. Up to now, 204 
mammograms have been collected from 196 patients; they have 
been classified according to the type of the lesions, the type of 
the biopsy finding, the type of the mammography finding and 
the available CADs performance. A user can access the 
database in two modes: (a) for classification software 
evaluation and (b) for radiologists’ education evaluation. In the 
mode for classification software evaluation, the user has the 
ability to query the database and retrieve cases with certain 
characteristics and certain difficulty. Also, there is the 
possibility to download the existing cases in order to facilitate 
the evaluation of a new classifier. In the other mode, the user 
(radiologist) can be trained in real time through a sequence of 
presentations and furthermore can be evaluated through 
different evaluating scenarios. At the duration of evaluation, 
the user can examine the mammography images through a 
web-based digital magnifier and process the corresponding 
image in real time. MIRaCLe DB is the first database that 
combines the machine and human needs for training and 
evaluation in mammographic image reading.   
 

Index Terms—Computer-aided diagnosis, radiologist 
evaluation, machine evaluation, mammography. 
 

I. INTRODUCTION 
reast cancer  unfolds  rapidly as a leading cause of death 
among women worldwide [1]. Early detection is the 

best way of defense against the breast cancer playing a 
momentous role in increasing the survival rate and diminish 
the emotional burden to the patients. Mammography is 
currently the best choice for detecting breast cancer at very 
early stage [2]. Traditionally, mammograms can be read by 
radiologists. However, Computer-Aided Diagnosis systems 
(CAD) for mammography have been already developed and  
used to enhance the validity in diagnosis providing a second 
opinion to the radiologists [3-12].   
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The existence of mammography image databases is 
necessary in order to provide useful reference data sets for 
training and evaluation [13-20]. However, to our knowledge, 
there is not any platform dedicated to mammography that 
combines data suitable for machine and human reading 
evaluation. MIRaCLe DB (Mammography Image reading 
for Radiologists' and Computers' Learning Database) has 
been designed and implemented according to this trend. It 
composes a dynamic repository for machines and 
radiologists training and evaluation. The existing cases have 
been classified according to the type of the lesions, the type 
of the biopsy finding, the type of the mammography finding 
and the available CADs performance [21-23]. A user can 
access the database in two modes: (a) for classification 
software evaluation and (b) for radiologists’ education 
evaluation. Such platform gives the possibility of performing 
objective benchmarking among (i) classification algorithms, 
(ii) radiologists performance and (iii) human-machine 
classification performance.   

II. MATERIAL AND  METHODS 

A. Cases 
Currently, MIRaCLe DB contains 204 mammography 

images collected from 196 patients from a Greek University 
Hospital. However it’s expected to host a large number of 
cases from the collaboration consortium the Academy of 
Athens has started to build.  

Each mammography image is linked to a set of respective 
information. This comprise  the institution that it’s taken 
from, the type of breast – left or right -, the biopsy result, the 
mammogram findings, the BIRADS number given by an 
expert, the dimensions of ROI –Region Of Interest- image, 
the ROI image and the CAD score (if any). Due to ethical 
constraints, all private information is excluded from the 
database.  

All the candidate cases pass through a filtering process to 
attain high level of data quality, consistency and integrity. 

 

B. Database Implementation and Use 
The graphical user interface (GUI) of MIRaCLe DB is 

implemented using PHP scripting language. With the 
assistance of Cascading Style Sheet (CSS) language, we 
describe the presentation of some parts of web pages, like 
list tables and charts. On the background, there is a local 
database in MySQL to maintain our data, which it’s 
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carefully designed and implemented. 
Besides, we used JavaScript scripting language to develop 

the digital magnifier tool and create an image viewer in a 
web page.  Furthermore, we use a free flash tool -  
authorPOINT’s Lite flash presentation, created by 
authorGen Technologies [24] - to present the training 
presentations for radiologists. 

The only requirement for a user to have access to 
MIRaCLe DB is a personal computer with a web access. 

Every new user must register for free in one of the two 
available services, either for Classification Software 
Evaluation or for Radiologists’ Education Evaluation. 
Directly after the registration, the new user can browse 
through the database, using all the available tools described 
on figure 1. At this point, it’s important to mention, that a 
user who registers only in one of the two available services, 
will have access only on that service. Just in case he/she 
wants to have access to the other service, he/she must 

register in that service respectively. 

C. Classification Software Evaluation 
Since the user is logged in Classification Software 

Evaluation, he/she is able to ramble through that part of the 
database. Observing the main menu, a user can see a list of 
the available functions of the database. 

Firstly, he/she can see a list of Cases, presenting on charts. 
In addition, he/she can browse all the cases with statistics in 
a list mode. For each case listed on the table, a user is able to 
view the mammography image – full or ROI (Region Of 
Interest) image- and download it directly to his/her personal 
computer and process it with his/her CAD algorithm if 
he/she desires to verify its effectiveness and compare its 
results with other CAD algorithm results stored in database . 
However, if a user selects to view a ROI image, he/she will 
be able to view and download either the full mammography 
image with annotated region or the preprocessed ROI image 
having the corresponding finding (e.g. microcalcifications) 



 

 

revealed. 
Withal, each user has the capability to place a simple or 

an advanced query, using the proper search mode 
respectively. 

When radiologists are in the midst of a reading session of 
a mammography image, the simple query, is offered for an 
individual keyword search, that would help them to retrieve 
quickly cases’ information that are similar to their case. 

Fig 2. Advanced query. 
 

On the other hand, the advanced query, as seen on figure 2 
above, is a considerable tool in our database, because a user 
is able to achieve complex queries and retrieve a specific 
result. For example, the user can retrieve all the images that 
were diagnosed as BIRADS 3 but they were malignant and 
the related finding was microcalcifications. 

Besides, a user can make a more composite query and 
retrieve all images that although benign, they were 
diagnosed as BIRADS 4B and the CAD system gave a 
positive result. Then, the system will present all the images 
where both the radiologist and the CAD gave wrong 
diagnosis. Similar to this query, a user can retrieve all 
images that were benign and diagnosed as BIRADS 3 while 
the CAD system gave a positive result or all images that 
were benign and diagnosed as BIRADS 4B while the CAD 
system gave a negative result. The result of these queries 
will present which images are difficult to discern as benign 
or malignant by radiologists or by a CAD system 
respectively. 

Still, users can browse over the evaluated CADs  that are 
stored in database and compare their performance features, 
such as sensitivity, specificity and other indices of accuracy. 

Likewise, while a user is logged in Classification 
Software Evaluation, after he/she performs a full download 
of a group of images and subsequently evaluation of a new 
CAD algorithm, he/she can give feedback to MIRaCLe DB 
through a certain template. This function intends to help us 
to materialize two of our goals. The one is to exhort people 
who implement CAD systems’ algorithms and techniques to 
improve their effectiveness, due to spirit of competition. The 
other one is to enrich the database content and keep it 
updated.  

 

D. Radiologists’ Education Evaluation 
While the user is logged in Radiologists’ Education 

Evaluation, he/she is able to ramble through that part of the 
database. Observing the main menu, a user can see a list of 
the available functions. 

Under this part of MIRaCLe DB there are two sections. In 
the first one, young radiologists have the ability to train 
themselves in real time, through a sequence of presentations 
created by experts.  
In the other one, radiologists have the ability to be evaluated. 
For each evaluating case, they can see the mammography 
image through a digital magnifier tool, as seen on figure 3 
below. For each case, radiologists would be asked to choose 
the correct diagnosis from a list, that corresponds to the 
mammography image findings. At the end of the evaluation, 
they would get their score and esteem their diagnosis 
abilities.  

 

Fig 3. Digital magnifier in radiologists’ evaluation. 
  

Each user can be evaluated only once with the same 
account. However, if they wish, they can register once again 
with the same personal information, using different 
username and password this time. 
 Training and evaluation of the radiologists will raise their 
awareness and help them to find out any weakness. 

III. DISCUSSION 
We have developed a secured database for storage and 

retrieval of mammography images with a set of respective 
information for evaluation of classifiers, machines and 
human. MIRaCLe DB is accessible through any computer 
with web access.  

After the user ID and password is verified either in 
Classification Software Evaluation or in Radiologists’ 
Education Evaluation, the system will allow a user to view 
all the available cases stored in database or train or/and 
evaluate himself/herself respectively. This aspect may   
constitutes a challenge for the valid evaluation of the 
effectiveness of the software classifiers as well as that of the 
radiologists. 

Besides, MIRaCLe DB aspires to satisfy the radiologists’ 



 

 

needs that work in provincial hospitals to deal with plenty of 
mammography images and  biopsy results, and compare 
them with the case that they are examining. 

Further work is in the pipeline as for the functions of 
MIRaCLe DB. According to the data stored in database, 
both from machines and humans evaluation, a user will have 
the ability to browse over difficulty driven cases based on 
machine and human performance on each case. The index of 
difficulty is going to constitute a motivation for the 
researchers, to implement more efficient algorithms and 
techniques for CAD systems and for radiologists to improve 
their discrimination over mammography images. 
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