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A fim de garantir de garantir que o rastreamento e diagnóstico mamográfico são feitos corretamente e de 

forma eficiente, a Vigilância Sanitária do governo de Minas Gerais, no Brasil criou o 'Programa de 

Monitoramento Mensal de Qualidade em Mamografia dos serviços públicos e privados do Estado de 

Minas Gerais' no Brasil, Imagens do phantom do Colégio Brasileiro de Radiologia são enviadas para a 

Agência Governamental onde são avaliadas visualmente. O objetivo deste trabalho é desenvolver um 

programa para a avaliação semiautomática das microcalcificações presentes nas imagens do phantom. 

Técnicas de processamento digital foram aplicadas nas imagens, com o objetivo de caracterizar cada 

objeto de interesse presente no phantom de mama. Os algoritmos foram desenvolvidos em MATLAB e a 

avaliação dos objetos teste foi feitas de acordo com parâmetros estabelecidos pelo Ministério da Saúde do 

Brasil. O nível de concordância entre a avaliação visual e computacional é considerado "razoável", de 

acordo com o estatístico “coeficiente kappa” o qual determina a força de concordância entre os métodos, 

o valor de kappa foi de 0,291. O programa pode se tornar uma boa ferramenta na automação das 

avaliações das imagens do phantom. 
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In order to ensure to ensure that screening and mammography diagnosis are made properly and 

efficiently, the Sanitary System of the government of Minas Gerais in Brazil created the Program of 

Monthly Monitoring of Quality in Mammography of public and private facilities State of Minas Gerais in 

Brazil, Images of the Brazilian College of Radiology phantom are sent to the Governmental Agency 

where they are assessed visually. The objective of this work is to develop a program to semiautomatic the 

assessment of the microcalcifications present in the images. Techniques of digital processing were 

applied to the images, aiming to characterize each object of interest present in the breast phantom. The 

algorithms were developed in MATLAB and assessment of test objects were made according to 

parameters established by the Ministry of Health of Brazil. The level of concordance between visual and 

computational assessment is considered 'fair', according to the statistical 'kappa coefficient' which 

determines the strength of agreement between the methods, the value was 0.29. The program can become 

a good tool in the automation of the assessments of phantom images. 

Keywords: Mammography, Quality Control, Digital Image Processing. 

1. INTRODUTION  

Breast cancer is the second most common type of cancer in the world and the most common 

amongst women. In Brazil, mortality rates related to breast cancer remain high, most likely 

because the disease is still diagnosed in advanced stage [1]. Mammography is the most effective 

method in the diagnosis of illnesses in the breast tissue.  

http://www.scientiaplena.org.br/
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Some important signs of breast cancer sought by radiologists are clusters of 

microcalcifications, masses, and architectural distortions [2]. One of the main alterations in the 

breasts found through mammography are the microcalcifications that are tiny calcium deposits 

which appear as small white spots on the film [3]. 

Aiming at keeping the quality standards indispensable in mammography, The 

Superintendence of Sanitary Vigilance (SVS) instituted in 2007 the ‘Program of Monthly 

Monitoring of Quality in Mammography Facilities for State and Private Facilities in the State of 

Minas’. This monitoring consists in assessing, on a monthly basis, the quality of the 

radiographic image of a breast phantom for each mammography equipment. Each facility must 

submit a phantom image to the SVS. The images are then analyzed and the results publicized by 

the end of each month. The assessment is made in accordance with the criteria defined by the 

guidelines “Medical Radiodiagnosis Safety and Performance of Equipment” of National Health 

Agency [4]. The certified phantom by the Brazilian College of Radiology (BCR) is used for this 

purpose.  

Some authors have developed programs to analyze the quality of digital images in various 

mammography phantoms in the marketplace through techniques of automatic processing. [5], 

[6], [7] and [8].  

In some studies, as the one done by Chakraborty and Eckert, [9] and Lee et al. [10], readings 

done by observers of mammographic images at the American College of Radiology (ACR) were 

compared with a computerized analysis, the results showed that accuracy rises when 

computerised analysis is used and demonstrated inconsistency in the analysis done by the 

human observer, given to differences in the interpretation of the criteria.    

The aim of this work is to validate the algorithms to carry out an semiautomated assessment 

of the quality of the images obtained through a BCR phantom, and compare it with the visual 

assessment of the same images done by a human trained by the Monthly Monitoring program. 

2. MATERIAL AND METHODS 

The Brazilian College Radiology (BCR) breast phantom. 
 
The phantom is made up of acrylic plates which simulate a compressed breast of 5 cm of 

thickness, and mean composition (50% of glandular tissue and 50% of adipose tissue). It 

consists of three plexiglass (Plymethylmethacrylate – PMMA) plates of 10 x 120 x 160 mm³, 

and one plate of 20 x 120 x 160 mm³. This last plate contains a 5 x 70 x 140 mm³ inserted wax 

and a step wedge that produces five optical densities used to assess image contrast. In the 

inserted wax are embedded the following structures: four metal grids of 4, 6, 8 and 12 lp/mm 

(G1 to G4) to evaluate spatial resolution; five groups of Al2O3 specks of 0.45, 0.35, 0.30, 0.25 

and 0.18 mm diameter (m1 to m5) to simulate microcalcifications; eight polyester discs of 6 mm 

diameter with thickness ranging from 0.1 to 0.8 mm (D1 to D8) 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 (F1 to F6) to 

simulate fibrils; and five nylon spherical caps of 2.00, 1.5, 1.0, 0.75 and 0.50 mm heights (M1 

to M5) to simulate tumor-like masses [11]. A schematic diagram of the BCR breast phantom is 

showed in Figure 1. In each category of test objects, the size and/or contrast of objects gradually 

decreases. For example, microcalcifications group m1 have larger grains than m5 group. 

 



C.M.Viloria et al., Scientia Plena 12, 071303 (2016)                                           3 

 

 

 
Figure 1. Schematic diagram of BCR breast phantom 

 

The 50 images of the breast phantom studied were chosen randomly from  image database of 

the Superintendence of Sanitary Vigilance in Minas Gerais state. In order to provide 

semiautomatic assessment, these images were digitalized at scanner ScanMaker 9800XL from 

Microtek at a resolution of 1200 dpi and saved in TIFF (Tagged Image File Format), which does 

not presents loss of information. In the visual assessment, the images were analyzed on 

radiologic film. 

The algorithms used in the assessment of the microcalcifications were implemented in a 

MATLAB (Matrix Laboratory) R2012b@ platform. It has Image Processing Toolbox™, which 

provides a comprehensive set of reference-standard algorithms, functions, and apps for image 

processing, analysis, visualization, and algorithm development. 

 

Semiautomatic and Visual Assessment  

 

Specific software tools for application in the analysis of the BCR breast phantom were 

developed. The algorithms are based on standard digital image processing techniques, such as 

the softening methods, spatial filtering to remove noise, image thresholding to detect objects, 

filtering in the frequency domain, application of morphological operators, and so on [12].  

The regions of interest (ROI) were selected manually, taking into interest each 

microcalcifications groups. The segmentation process in each one of ROIs was carried out; the 

segmentation consists in detecting and isolating each of the test objects so that they can be 

assessed. Wiener filter was applied between pixels, using neighborhoods of size 3 by 3 to 

estimate the local image mean and standard deviation. The Wiener filter is a 2-D adaptive noise-

removal filtering. After, a thresholding was applied, for it was calculated the average and the 

standard deviation of ROI, and was established as threshold the sum of the pixel average value 

plus three standard deviations [13]. 

Morphological operators were applied based on the principle of Mathematical Morphology, 

which consists in extracting the geometry and topology of an unknown image through the 

transformation of an image fully defined – namely structuring element, which in such case are 

disk-shaped structuring element with the radius of 3 pixels. The applied morphological 

operators were in sequence: Dilate (Expanding the foreground), Erode (Shrinking the 

foreground), Open (Removing stray foreground pixels in background), Close (Removing holes 

in the foreground) and finally, Clean to removes isolated pixels. 

Then, an algorithm for counting structures in the image was applied. It consists in the 

identification and counting of centroids in the white areas of the image.    

In order to prevent any sort of subjectivity, an algorithm for counting structures in the image 

was applied. This algorithm consists in the identification and counting of centroids in the white 

areas of the image, classifying the image assessed as approved if the identification of the fourth 

group of microcalcifications is possible.  
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Figure 2. Groups of microcalcifications before (a) and after processing (b). 

 

 

To visual assessment, the radiography of BCR breast phantom was positioned on 

negatoscope; the number of structures visible in the image were analyzed by four appraisers 

using the aid of a magnifying glass, when judged necessary. The assessment criteria adopted 

were the same as used in automatic evaluation.   

3. RESULTS AND DISCUSSION 

The results show the assessment of 50 images studied, the comparison between the mean 

visual assessment the group of microcalcifications made by trained appraisers with the 

assessment obtained by the algorithms (Figure 3). The images were coded MG followed by the 

image number. It is possible to observe a disagreement about the visual assessment. 
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Figure 3. Comparison of visual and computerized assessment of group of Microcalcifications in BCR 

phantom images. 

 

Human limitations created subjectivity in the visual analysis of the images; the observed 

differences between the appraisers would be attributed potentially inherent differences in their 

corresponding visual perception of contrast and spatial resolution. As shown Ginesu  [14], based 

on the Human Visual System (HVS), the three subjective factors of distortion that affect image 

quality assessment are Block distortion (blockiness), edge errors and visual disparities, and 

these factors may affect the visual assessment.  

The number of detected microcalcifications computerized is significant respect the number 

that was given by visual assessment, this can be explained by the fact that a computer can 
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process much more information than what a human eye can see, which was also reported by 

Brooks et al. [15] and Chakraborty and Eckert [9]. 

 

The degree of concordance between the methods used is a measure used to analyze the 

agreement between appraisers and the computarized assesentment.  This procedure is generally 

referred to as interjudge reliability and interobserver reliability. The statistical tool of reliability 

is the kappa Coefficient (κ), described in 1960 by Cohen [16]. The kappa is a measure of 

agreement intra and inter-observer. It adopts a value between -1 to +1, being the strongest 

degree of interobserver concordance equal to +1. On the contrary, a value of κ = 0 reflects that 

the observed concordance is precisely the one that is expected by chance. The interpretation of 

Kappa Coefficient is performed by correlating its value with a qualitative scale, which includes 

six level of strength of agreement ("poor", "slight", "fair", "moderate", "substantial" and "almost 

perfect"). Table 3 corresponds to the qualitative scale used frequently to express the strength of 

the agreement, according to Landis and Koch [17] 

 
Table 1. Evaluation of the kappa coefficient 

(Landis and Koch, 1977). 

Kappa (κ) Force concordance 

< 0,00 Poor 

0,01 – 0,20 Slight 

0,21 – 0,40 Fair 

0,41 – 0,60 Moderate 

0,61 – 0,80 Substantial 

0,81 – 1,00 Almost perfect 

 

 

The kappa value was calculated using the online free software 'Graphpad' [18]. Five 

categories were defined one for each group calcifications, comparing the visual and 

computerized methods as shown in Table 2. 

 
Table 2. Input data comparing the concordance of visual and computational method. 

 Visual Assessment 

Computerized 

Assessment 

 m1 m2 m3 m4 m5 

m1 0 0 0 0 0 

m2 0 0 0 0 0 

m3 0 0 4 7 0 

m4 0 0 1 34 4 

m5 0 0 0 0 0 

 

The kappa value obtained was 0.291 with a standard deviation of 0.145, at a confidence 

interval of 95% from 0.006 to 0.575, the strength of agreement is considered to be 'fair'. 

 

Although visual and computerized assessments are concordants, the result is considerably 

satisfactory, computerized analysis proved to be a good alternative in terms of reducing or even 

eliminating the subjectivity inherent in visual methods of assessment of images of a breast 

phantom. 
 

4. CONCLUSION 

An algorithm was developed to assess images of test objects in a BCR breast phantom. The 

efficiency of this algorithm was evaluated by comparing its performance to the concordance 

with the average performance of the four appraisers. 

When developing this algorithm, it was possible to notice that after comparing various types 

of filters, the Wiener filter was more adequate in the removal of the noise created by the 

digitalization of the images of the phantom, as in Pragathi et al. [13]. 
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This algorithms turned out to be useful in the reduction of subjectivity, the results of 

estimated assessment by the semiautomated method was ‘fair’ according the kappa coefficient, 

used to calculate the concordance between the two methods of assessment. 

Although the program is still under construction, not entirely automatic yet, since in this 

work it was necessary to select the ROI manually to perform the assessment, it demonstrated the 

feasibility of replacing the assessors with an automatic program, thus  reducing the subjectivity, 

time and number of people involved in the assessment of an image, making the expansion and 

improvement  of the Program of Monthly Monitoring of Quality in  Mammography for State 

and Private Facilities in the State of Minas Gerais is possible. 
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