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ABSTRACT 
 
In this work, an automated methodology to evaluated digital and scanned images of a standard phantom 
(Phantom Mama) was studied. The Phantom Mama was used as an important tool to check the quality of 
mammographies. The scanned images were digitized using a ScanMaker 9800XL, with resolution of 900 dpi. 
The aim of this work is test an automatic methodologys to evaluation resolution spacial and microcalcifications 
group of phantom mama images acquired with the same parameters in the same equipment. In order to analyze 
the images we have used the ImageJ software (in Java) which is public domain. 
We have used the Fast Fourier transform technique to evaluate the spacial resolution and used the ImageJ 
function Subtract Background and the Light Background plus Sliding Paraboloid on the evaluation of the five 
groups of microcalcifications on the breast phantom to assess the viability of using automated methods for both 
types of images. The methodology was adequate for evaluated the microcalcifications group and the spatial 
resolution in scanned and digital images, but the Phantom Mama doesn´t provide sufficient parameters to 
evaluate the spatial resolution in this images. 
 
 
 

1. INTRODUCTION 
 
Cancer is the second cause of death in the Brazilian female population and breast cancer is 
the most frequent neoplasm amongst women. Mammography is an essential tool for 
diagnosis and early detection of breast cancer if it is provided as a very good quality service. 
[1] 

Mammography is the method of diagnostic imaging more effective to detect breast cancer 
before this is clinically palpable. The quality of a mammographic imaging system must be 
determined by the ability to detect soft tissue masses, cysts, solid tumors and 
microcalcifications. The advent of large collections of medical images has brought with it the 
need to use computational techniques for their processing and analysis. 

The Brazilian College of Radiology (CBR), the National Agency for Health Surveillance 
(ANVISA) and international bodies recommend standards of practice for mammography. [2] 
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Due to the risk of ionizing radiation, techniques that minimize absorbed dose and optimize 
the quality of the diagnostic image are essential to ensure that all women are submitted to 
high quality mammography procedures for the detection of breast cancer. It is unacceptable 
that a small curable cancer would not be identified due to the low quality of a mammographic 
exam. [1] 
 
A good quality mammography service cannot be considered as one if it is not able to register 
with high definition and contrast the normal and abnormal breast structure details. The 
performance of the equipment, the radiographic techniques (including breast positioning and 
compression) and the film processing have direct influence on image quality in 
mammography. Minas Gerais state has about 1,460,000 women among the population; it is 
estimated that 47% of those women are undergone to routine mammography. [3] 
 
The Sanitary Vigilance of Minas Gerais (VISA/MG) and the Development Centre for 
Nuclear Technology (CDTN) have established and maintained a jointly program for 
evaluating the quality of mammographic services in Minas Gerais state.  Image quality 
evaluations are performed by adopting the Brazilian Radiology Council (CBR) protocol and a 
physical breast phantom with specific objects like fibers, masses and details for low and high 
contrast (Fig.1). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Details of the physical breast phantom used in VISA/MG-CDTN 
Mammography Program. [6]. 

 
The breast phantom consists of three Plexiglas plates of 10x120x160 mm3 and one Plexiglas 
plate of 20x120x160 mm3 that contains a 5x70x140 mm3 inserted wax and a stepwedge that 
produces five optical densities to assess image contrast. The inserted wax embeds the 
following structures: four brass meshes of 4, 6, 8 and 12 lp/mm to evaluate spatial resolution; 
five groups of Al2O3 specks of 0.45, 0.35, 0.30,0.25 and 0.18 mm grain sizes to simulate 
microcalcifications; eight polyester discs of 6 mm diameter and 0.1 to 0.8 mm thickness 
range to simulate low contrast areas; six nylon fibers of 1 cm length and 1.4, 1.2, 0.8, 0.7, 0.6 
and 0.4 mm diameters to simulate fibrils; and five nylon spherical caps of 2.00, 1.5, 1.0, 0.75 
and 0.50 mm heights to simulate tumor-like masses (Fig. 1). The limiting values to the 
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visualization of these structures are: the mesh of 12 lp/mm, the Al2O3 speck group of 0.25 
mm grain size, the 0.2 mm thickness polyester disc (1.5% contrast), the nylon fiber of 0.7 
mm diameter and the 0.75 mm height tumor-like mass. Each limiting value achieved in the 
phantom image received one point in the final quality score. [6] Absorbed doses were 
determined by calibrated thermoluminescent dosimeters on the phantom during radiation 
exposures; the phantom and an example of the obtained image is show in Fig.2. 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 2. Details of the dosimetric card (left) and phantom (right) used in the 
tests. 

 
The aim of this work was to develop a technique to evaluate the spatial resolutions and 
microcalcifications in digitized images by means of the ImageJ, GIMP an others free software. 
Evaluation results were compared to the routine procedure adopted by the VISA/MG-CDTN program. 
 

2. METHODOLOGY 
 
In this work, the images of the standard phantom (PHANTOM MAMA) were digitized using 
a scanner model ScanMaker 9800XL, with resolution of 900 dpi. We chose a 900 dpi 
resolution that brought benefits to both image quality and size of memory to not overload the 
system. 
Once the image is digitized, it is treated as a matrix I where the element placed in the file i 
and the column j, I(i, j), represents the pixel located in the file i and column j and values of 
this matrix element is the grey level of the image in this pixel. The origin of coordinates is 
fixed in the left superior corner of the image, so that the pixel placed in this corner is I(1,1). 
The object position in the image is indicated giving the pixels coordinates. 

For the digitization of a film, the quality of the original image is crucial, since images of low 
quality will affect both the visual inspection as well as the performance of the automated 
analysis system. The images used are part of the program of quality control in mammography 
of Minas Gerais State and developed by CDTN and VISA- MG in the period 2004 to 2008. In 
this program a standard phantom (Phantom Mama) was used as a important tool to check the 
quality of mammographies. To analyze the spatial resolution and microcalcification on the 
images, in our research we used the ImageJ (in Java) which are public domain software.  

Each phantom area requires a specific treatment. The initial image (Fig. 1) is divided in 
subimages, so that each one of the phantom interest areas falls into one of the subimages. 
Each subimage is a matrix of a smaller size than the initial. The coordinates of a determined 
subimage pixel are related with the coordinates of its pixel in the complete image, adding to 
the pixel indexes the pixel coordinates of a left superior corner of the subimage. We have 
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considered subimages of each  microcalcifications group and of the area with the four brass 
meshes.  [4] 

The techniques used for digital image processing are standard techniques for the image 
digital treatment like image thresholding, regional growing, morphological operators 
application, filtered by noise removal, etc. [5] 

3. RESULTS AND DISCUTION 

3.1.  Spatial Resolution 
 
An important point in the phantom image quality evaluation consists of determining the 
image definition. Thus, was used four meshes of brass with different spatial resolution, 
specifically, 4, 6, 8, 12 lp / mm.  

The VISA/MG-CDTN program evaluated the image resolution by means of a lens to identify 
the grids for four image definition standards. Image definition is evaluated in a subjective 
way. 

In this work, the image definition was analyzed to evaluate the amount of visible meshes by 
means of the Fourier transform-FFT ImageJ tool that applies the Fourier transform to 
deconvulate the signal into its frequency and amplitude  components. The result of the FFT 
application is a deconvoluted image without values which it requires a subjective analysis. 

A Fig. 3 shows a comparison between a considered standard phantom image and a phantom 
image from a mammography service after the Fourier transform application; it is seen that the 
latter has not enough resolution to be accepted according to the required standards. [7] 
 

 
 

 
 

 
 

 

 

 
 

 

Figure 3: Phantom images after Fourier transform application: a) a standard image b) 
a mammography service image. 
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Using the images of the Fourier transform can be determined numerically, using computer 
algorithms, the difference of the images compared. The closer of zero are the results, more is 
the resemblance among the images. Thus is necessary determining an acceptable range after 
making experimental test and comparison with the results found by VISA. 

The methodology was adequate for evaluated the spatial resolution in scanned and digital 
images, but the Phantom Mama doesn´t provide sufficient parameters to evaluate the spatial 
resolution in digital image because its maximum spatial resolution is 10 lp / mm. 
 

3.2. Microcalcifications 

As it is observed in Fig. 1, the microcalcifications area of the phantom is constituted by five 
groups. Each group is constituted by five arranged microcalcifications. 

The VISA/MG-CDTN program evaluated the ability to detect visually details of high contrast 
observing only the number of microcalcifications groups visible to the expert. 

In this work we propose an automatized assessment. For every microcalcification group we 
use the same method to extract its more important characteristics. The first step for the 
subimage analysis is its segmentation, which consists of detecting and isolating the 
microcalcifications group in the image. In Fig. 4, we use the ImageJ function Subtract 
Background and the Light Background plus Sliding Paraboloid option that allows the 
processing of images with bright background and dark objects. The calculus of the Rolling 
Ball Radius (which is the radius of curvature for the paraboloid) is needed for implementing 
those functions.To understanding this function  imagine that the 2D grayscale image has a 
third (height) dimension by the image value at every point in the image, creating a surface. A 
ball of given radius is rolled over the bottom side of this surface; the hull of the volume 
reachable by the ball is the background. With "Sliding Paraboloid", the rolling ball is 
replaced by a sliding paraboloid of rotation with the same curvature at its apex as a ball of a 
given radius. A paraboloid has the advantage that suitable paraboloids can be found for any 
image values, even if the pixel values are much larger than a typical object size (in pixels). 
The paraboloid of rotation is approximated as parabola in four directions: x, y and the two 
45-degree directions. Lines of the image in these directions are processed by sliding a 
parabola against them. Obtaining the hull needs the parabola for a given direction to be 
applied multiple times (after doing the other directions); in this respect the current code is a 
compromise between accuracy and speed. For noise rejection, with the sliding paraboloid 
algorithm, a 3x3 maximum of the background is applied. With both, rolling ball and sliding 
paraboloid, the image used for calculating the background is slightly smoothened (3x3 
average). This can result in negative values after background subtraction. This preprocessing 
can be disabled. In the sliding paraboloid algorithm, additional code has been added to avoid 
subtracting corner objects as a background (note that a paraboloid or ball would always touch 
the 4 corner pixels and thus make them background pixels). This code assumes that corner 
particles reach less than 1/4 of the image size into the image. [8] 
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(A) 

 

(B) 

 

(C) 

Figure 4: Subimage of the microcalcifications group of one phantom image: (A) original 
image; (B) process image with function Light Background; (C) process image with 

function Light Background plus Sliding Paraboloid. 

For calculating the background ("rolling the ball"), images are maximum-filtered (3x3 pixels) 
to remove outliers such as dust and then smoothed to reduce noise (average over 3x3 pixels). 
With Disable Smoothing, the unmodified image data are used for creating the background 
(Fig. 5). In this work the Rolling Ball Radius used was 200 pixels. 

 

Figure 5: Example where it extract the background and highlight objects of interest. 
The image data after subtraction will never be below the background. 
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After the segmentation image will be necessary an algorithm for count the microcalcifications 
numbers. With this methodology we detected only four microcalcifications group. 

The methodology was good for evaluated the microcalcifications group in scanned and digital 
images. 

 

4. CONCLUSIONS  
 
The methodology developed showed adequate results with the aim of this work. Were used 
the Fast Fourier transform technique to evaluate the spacial resolution and used the ImageJ 
function Subtract Background and the Light Background plus Sliding Paraboloid on the 
evaluation of the five groups of microcalcifications on the breast phantom to assess the 
viability of using automated methods for both types of images. The methodology was 
adequate for evaluated the microcalcifications group and the spatial resolution in scanned and 
digital images, but the Phantom Mama doesn´t provide sufficient parameters to evaluate the 
spatial resolution in this images. The detection´s test  of high contrast need some method for 
counts the number of microcalcifications visible groups  after the detection process.  
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