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Abstract 

 

Medical images are important for diagnosis purposes as they are related to patients 

medical history and pathology. Breast cancer represents a leading cause of death 

among women worldwide, and its early detection is the most effective method of 

reducing mortality. In a way to identify small structures with low density differences, a 

high image quality is required with the use of low doses of radiation. The analysis of 

the quality of the obtained image from a mammogram is performed from an image of 

a simulated breast and this is a fundamental key point for a program of quality control 

of mammography equipments. In a control program of mammographic equipments, 

besides the analysis of the quality of mammographic images, each element of the 

chain which composes the formation of the image is also analyzed: X-rays 

equipments, radiographic films, and operating conditions. This control allows that an 

effective and efficient exam can be provided to the population and is within the 

standards of quality required for the early detection of breast cancer. However, 

according to the State Program of Quality Control in Mammography of Minas Gerais, 
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Brazil, only 40% of the mammographies have provided a simulated image with a 

minimum level of quality, thus reinforcing the need for monitoring the images. The 

reduction of the morbidity and mortality indexes, with optimization and assurance of 

access to diagnosis and breast cancer treatment in the state of Minas Gerais, Brazil, 

may be the result of a mammographic exam which has a final image with good quality 

and which automatic evaluation is not subjective. The reason is that one has to 

consider the hypothesis that humans are subjective when performing the image 

analysis and that the evaluation of the image can be executed by a computer  

with objectivity. In 2007, in order to maintain the standard quality needed to 

mammography, the State Health Secretariat of Minas Gerais (SES/MG), Brazil, 

established a Program of Monthly Monitoring the Quality of Mammographies from 

the Public and Private Services of the State. With an essentially educational character, 

an evaluation of the image quality is monthly held from a breast phantom in each 

mammographic equipment. In face of this, this work proposes to develop a protocol 

for automatic evaluation of image quality of mammograms so that the radiological 

protection and image quality requirements are met in the early detection of breast 

cancer. Specifically, image resolution will be addressed and evaluated, as a part of the 

program of image quality evaluation. Results show that for the fourth resolution and 

using 28 phantom images with the ground truth settled, the computer analysis of the 

resolution is promising and may be used as a tool for the assessment of the image 

quality. 

 

Keywords: mammogram; image quality; image resolution 

 



ISSSD 2014 
April 13 to 16th, 2014.  Cusco, Peru 

 

274 
 

1.- INTRODUCTION 

 

Medical images are important for diagnosis purposes as they are related to patients medical 

history and pathology. Breast cancer represents a leading cause of death among women 

worldwide, and its early detection is the most effective method of reducing mortality. 

Several techniques are available for breast examination, including X-rays, magnetic 

resonance imaging (MRI), digital breast tomosynthesis (DBT), and ultrasound. 

 

Mammography is a type of imaging which uses low X-rays doses to examine the breasts 

and it is currently the most effective method for detecting breast cancer before it becomes 

clinically palpable [Rizzi 2009; Tang 2009]. However, mammograms without a proper 

quality do not allow the correct diagnosis, and with the repetition of the exam, both 

ionizing dose radiation to the patient and exams costs may increase. In a way to identify 

small structures with low density differences from an image of a simulated breast, a high 

image quality is required with the use of low doses of radiation which could be obtained 

with the use of a phantom image. This type of image provides test objects specifically 

designed to simulate typical pathologies: microcalcifications, fibers and masses, and it also 

has areas for image calibration, like maximum optical density of reference (corresponds to 

glandular tissue), minimum optical density of reference (typical of fatty tissue), and image 

resolution; the analysis of this image is a fundamental key point for a program of quality 

control of mammography equipments. 

 

In a control program of mammographic equipments, besides the analysis of the quality of 

mammograms, each element of the chain which composes the formation of the image is 

also analyzed: X-rays equipments, radiographic films, and operating conditions [Mayo 

2004]. This control allows that an effective and efficient exam can be provided to the 

population and it is within the standards of quality required for the early detection of breast 

cancer. However, according to the State Program of Quality Control in Mammography of 

Minas Gerais, Brazil, only 40% of the mammographies have provided a simulated image 

with a minimum level of quality, thus reinforcing the need for monitoring the images. So, 

in 2007, in order to maintain the standard quality, the State Health Secretariat of Minas 
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Gerais (SES/MG), Brazil, established a Monthly Program of Monitoring the Quality of 

Mammographies from the Public and Private Services of the State. With an essentially 

educational character, an evaluation of the image quality is monthly held from a breast 

phantom in each mammographic equipment. 

 

In face of this, this work proposes to develop a protocol for automatic evaluation of image 

quality of mammograms so that the radiological protection and image quality requirements 

are met in the early detection of breast cancer. Specifically, image resolution will be 

addressed and evaluated, considering the hypothesis that humans may be subjective when 

performing the image analysis in opposite to the objectivity of the evaluation executed by a 

computer.  

 

The remainder of this paper is broken into five sections. Section 2 gives the overview of 

previous works in the field of computer analysis of mammographic phantom images. In 

Section 3, the process of resolution image characterization is presented. Section 4 shows 

the materials and methodology used for the development of the proposed algorithms, with 

the presentation and discussion of the results in Section 5. Section 6 draws the conclusions. 

 

 

2.- BACKGROUND 

 

Some works have explored the computer analysis of mammographic phantom images. 

Chakraborty in [Chakraborty 1995] compared human readings of the American College of 

Radiology (ACR)  mammography accreditation phantom images with a computerized 

analysis. The phantom used was the RMI Model 156 Mammography Accreditation 

Phantom which consists of six fibrils, five groups of microcalcifications and five nodules. 

Eight observers scored 27 digitized images of the phantom, indicating how many of the 

targets were completely visible, as well as a count of partially visible targets. Then, using C 

programming language and MatLab, the computer measures consisted of average pixel 

value and pixel noise level of a background region of the phantom, relative contrast, and 



ISSSD 2014 
April 13 to 16th, 2014.  Cusco, Peru 

 

276 
 

fitting noise. Results have showed that precision increases using the computer analysis in a 

gain of a factor of 9.  

 

Therefore, in [Chakraborty 1997], Chakraborty extended the previous work, applying  

computer analysis of mammography phantom images (CAMPI) to 32 digital ACR 

phantom images (insert + test) acquired from a Fischer Mammotest digital biopsy machine. 

Speck groups were obtained and several measures were applied, such as contrast and shape 

of the speck. Results have showed that the precision of the CAMPI measures were greater 

than the human observers. 

 

Castellano in [Castellano 1998] aimed to develop an objective method of image quality 

score measurement in order to remove the inter observer variations from the scoring 

process. 10 films from the Leeds TOR(MAX) test object and from different imaging 

systems were scored by five experienced physicists and compared with the developed 

algorithms. The regions of interest (ROIs) chosen for this study were circular detail used in 

the initial localization, high and low contrast gratings, and 6 mm / 0.25 mm / 0.5 mm 

circular details. In 1997, the date to which this study was performed, the authors claimed 

the long time taken for the digitization of the films placed a constraint on the use of the 

technique, and that the algorithms scored poorly in some ROIs while in others, it was 

partially successful. More studies were necessary in order to appropriately represent 

images. 

 

Blot in [Blot 2002] aimed at detecting and scoring groups of micro particles of the Leeds 

TOR(MAM) test object. 16 digitized phantom images were obtained and from them, six 

groups containing the micro particles were extracted and scored by two observers. After 

these extractions, the computerized automated method involved the extraction of the 

features of each ROI, based on gray level co-occurrence matrices and the scoring of the 

detected features using a statistical classification method, the k-nearest neighbor. Results 

have showed an agreement of 82% between the automated method and the expert observer, 

indicating the viability of the method for a quality control of mammography. 
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In [Lee 2010], Lee investigated an approach to quantitatively evaluate some ACR RMI 156 

mammographic accreditation phantom images. They used 51 digitized phantom images 

which were first scored by a medical physicist and two radiologic technologists, in order to 

be compared with the computerized score. The method consisted of background 

subtraction (rolling-ball algorithm), determination of the ROIs, classification of fiber and 

mass objects (contrast and Mahalanobis distance), and the detection of speckles (template 

matching with a circular template). After these detections, an automated rule-based scoring 

was performed based on the ACR's criteria. The accuracy obtained of this computerized 

evaluation was 90%, 80%, and 98% for fiber, mass, and speck, respectively. However, the 

concordance between the reviewer's and computerized scores were not that high. 

 

Finally, in the work of Mayo  [Mayo 2010], two mammographic phantoms were used, the 

CIRS SP01 and RACON, in order to analyze the image quality in an automatic way. Some 

specifics algorithms, implemented using MatLab, were applied to the sub images, such as 

denoising filters for noise removal, pattern recognition, edge detectors, thresholding, and 

morphological operators. The test objects were detected by the developed software, 

indicating its usefulness in the control quality of the equipment. 

 

Almost all the reported works have compared the semi automatic or automatic computer 

analysis with the score of the image performed by a human specialist, in order to evaluate 

the quality of the image of different phantom images. The structures which were more 

analyzed in these images were contrast, microcalcifications, and masses, and although the 

concordance between human and computer were not that high, all the techniques presented 

in these papers pointed the usefulness of such computer analysis in the control of quality of 

images. 
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3.- IMAGE RESOLUTIONS CHARACTERIZATION 

 

The application of digital image processing techniques in the test objects extracted from a 

phantom enable an objective evaluation executed by the computer against the subjective 

evaluation which may be performed by humans.  

 

The term image refers to an intensity function of a bidimensional light,  f(x,y), where x and 

y are spatial coordinates and the value of f at any point (x,y) is proportional to the 

brightness or gray level of the image at that point. A digital image is an image f(x,y) 

discretized in space and brightness intensity and also can be considered a matrix which 

elements are called pixels [Acharya 2005; Pratt 2001]. 

 

One of the requirements for an image with a good quality is that it has an appropriate 

definition, i.e., a high resolution. Resolution describes the level of detail that an image 

contains. The phantom, which presents four metal grids with approximate definitions of 12, 

eight, six, and four pair lines for millimeter (Figure 1), is imaged and then the image 

resolution is evaluated considering the number of visualized grids together with the 

maximum definition obtained. 

 

Figure1. - Regions of interest containing the grids for image resolution evaluation. 

 

In order to evaluate image resolution, i.e., the number of visualized grids, two techniques 

are investigated in this paper: Fourier Transform and gray level contrast. 
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3.1.- Fourier Transform 

 

Two dimensional unitary transforms have found major applications in image processing, 

like the extraction of features from images. Fourier transform is one of the most important 

tools which have been extensively used not only for understanding the nature of an image 

and its formation but also for processing the image [Acharya 2005]. 

 

An image can be represented by the two dimensional Fourier transform considering it as a 

real and a complex part. The Fast Fourier Transform (FFT) was developed to analyze the 

pixel data of a continuous image of a discrete version of Fourier transform, and this 

implementation is the basis for most the image processing techniques using this type of 

transform. It works like a two dimensional mapping of pixel values of an image in the 

frequency space of the spatial image, i.e., FFT creates a bidimensional map of all the 

frequencies of space within an image. According to the theory of FFT, the visualized bright 

spots in the transform demonstrate the existence of very specifics frequencies in the image 

which means the confirmation of the existence of the grids and if these bright spots are 

moved from the main grid, indicating whether the grid is angled. 

 

For a square image of size N x N, the two dimensional transform is defined as Equation 1, 

where f(i,j) is the image in the space and the exponential term is the basis function 

corresponding to each point F(k,l) in the Fourier space. 

 

F (k , l)=
1
N 2 ∑

i= 0

N− 1

∑
j= 0

N− 1

f (i , j)e
− i2π( ki

N
+ lj

N
)

(1) 

Most of the images in the frequency domain has peaks in the center of the domain as a 

characteristic range. In this point, the image has reached its highest level since in it is 

computed the lowest frequency present in the image, and one can deduce that this is the 

average value of the image. Different categories of images may appear different categories 

of Fourier spectra. Figure 2 presents ROIs containing four image resolutions with their 

respective frequency spectra.  
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Figure 2.- Four different resolutions presented along with their Fourier spectrum. 

 

 

When the Fourier transform is applied in the grids, an image called frequency spectrum is 

provided with the points symmetrically around the origin of the axis. Each pair of these 

points is equivalent to a set of grid lines with the same spacing. The measure of the distance 

of these points to the axis brings valuable information about the characteristics of the 

resolution of the images, and it can be obtained using the Euclidean distance. 

 

The Euclidean distance between two n-dimensional (row or column) vectors x and y is 

defined as a scalar (see Equation 2). This expression is simply the norm of the differences 

between two vectors [Pratt 2001]. 

 

d ( x , y)= �x− y�=�y− x�= [( x1− y1)
2+…+( xn− yn)

2]1 /2

(2) 

 

Therefore, in summary, according to the theory, the visualized bright spots in the transform 

demonstrate the existence of well determined frequencies in the image, i.e., it confirms the 
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existence of a grid and if these bright spots are shifted from the main axis indicating the 

angle of the grid. The assessment of the resolutions of the images can be obtained using the 

FFT with the Euclidean distance between the points which represent the frequencies. 

 

3.2. – Gray level contrast 

 

In the phantom mammographic image, each region containing a grid of image resolution 

has a pattern or a different gray level contrast (see Figure 1), thus it can also be represented 

by texture features. Gray level co occurrence matrix (GLCM) is a tool which can extract 

this information by considering, for instance, the relationship between groups of two pixels, 

usually neighboring, in the image [Acharya 2005; Gonzalez 2004].  

 

Considering an image f(i,j) of size N x N containing pixels with dynamic range G with gray 

levels 0, 1, ..., G-1, the GLCM is a two dimensional matrix C(i,j), where each element of 

the matrix represents the probability of joint occurrence of intensity levels i and j at a 

certain distance d and an angle θ. Therefore there may be multiple number of co occurrence 

matrices depending on various values of d and θ. 

 

Some important measures can be computed directly from the GLCM which can be used to 

classify the image resolution. In the case of the image resolution of mammographies, 

contrast is a measure which is able to show the amount of local variations present in the 

image (see Equation 3). For uniform images, the value of contrast is zero, which is the 

minimum value for contrast. As the variations in the image increase, the value of contrast 

also increases. 

 

contrast = ij (i− j)2∑∑ C (i , j)
(3) 

 

A challenge for the development of automatic image evaluation protocols is the choice of 

techniques that are able to characterize the image so that they are enough to describe and 

identify them. For the resolution of phantom mammographic images, this representation 
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can be performed by the use of the Fourier transform and contrast from the gray level co 

occurrence matrix. 

 

 

4.- MATERIAL AND METHODOLOGY 

 

This study utilized 28 phantom images which were obtained from the Phantom Mama 

adopted by Brazilian College of Radiology1 (CBR), presented in Figure 3. All the images 

were digitized using the ScanMarker 9800XL from Microtek, with a resolution of 1200 dpi 

and saved in TIFF (Taged Image File Format) format which presents no loss of information. 

 

Figu
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a (b) radiography of the phantom. 

 

 

For the development of the algorithms for the assessment of image resolution, the 28 

images were divided into two categories: 
                                                            
1   http://www.cbr.org.br 
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 12 pattern images: used in order to establish the limits for the evaluation of a new 

image; 

 16 test images: used in order to evaluate the algorithms. 

 

All the images were visually evaluated by three human observers in order to be compared 

with the assessment made by the proposed algorithms which were developed in the MatLab 

environment. 

 

Besides the distance limits, explained at Subsection 3.1, another measure of evaluation of 

the resolution used in this study was the correlation between the pattern images and the test 

image. Correlation is a technique for investigating the relationship between two 

quantitative, continuous variables and the Pearson's correlation coefficient, r,  is a measure 

of the strength of the association between the two variables [Agarwal 2006]. Following, it 

is shown the meaning of the values of r : 

 r ≥ 0.70: strong correlation; 

  0.30 < r < 0.70: moderate correlation; 

  r ≤ 0.30: weak correlation. 

 

It is worth to know that the resolution of the phantom image is evaluated by the number of 

grids visualized and in order to be approved, the test image should present a resolution 

greater than or equal to 12 lp/mm, i.e., the four grids must be visualized. Due this 

condition, in this work, we present the results considering only the fourth grid. 

 

A scheme of the methodology used for the development of the algorithms is presented in 

Figure 4. In order to select in the image only the regions containing the resolution, a ROI of 

200 x 200 pixels was automatically selected. Thereafter, features were extracted using the 

Fourier transform and gray level contrast, and the distance limits or the correlation were 

compared in order to evaluate, for a new image, if the resolution is approved or 

disapproved. 
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Figure 4.- Scheme for the assessment of the resolution of mammographic phantom images. 

From both pattern (off line) and test images (on line), features are extracted and a distance 

or correlation is obtained. A comparison is performed and the resolution is approved or 

disapproved. 

 

 

5.- RESULTS AND DISCUSSION 

 

In this section, results are compared and evaluated considering the four developed 

algorithms. 

 

 

 



ISSSD 2014 
April 13 to 16th, 2014.  Cusco, Peru 

 

285 
 

5.1. – Fourier transform and distance limits 

 

For the fourth resolution, the distance limit obtained applying the Fourier transform and 

Euclidean distance in the 12 pattern images was 18.01 ± 0.6, mean and standard deviation 

respectively. 

 

Table 1 presents the distance obtained for the 16 test images and their evaluation in 

comparison with the established distance limit and with the three human observers. In this 

table, it is possible to see that from 16 test images, four would be disapproved in the image 

quality evaluation considering the computer analysis and resolution. Also, for a same 

image, for instance Images 6 or 7, there was no consensus among the three human 

observers or between the computer analysis and human observers. 

 

Table 1: Evaluation of test images applying the algorithm which used Fourier Transform 

and Euclidean distance, where A = approved and D = disapproved. Recalling that for the 

fourth resolution the distance limits vary from 17.41 to 18.61. 

Test image 
Distance 

value 
Evaluation Observer1 Observer2 Observer3 

Image 1 17.35 D A A A 

Image 2  18.06 A A A A 

Image 3 19.00 D A A A 

Image 4 18.10 A A A A 

Image 5 18.37 A A A A 

Image 6 18.69 D D A A 

Image 7 18.34 A A D A 

Image 8 13.60 D D D D 

Image 9 18.16 A A A A 

Image 10 18.46 A A A A 
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Image 11 18.43 A A A A 

Image 12 17.44 A D A A 

Image 13 18.46 A A A A 

Image 14 17.60 A A A A 

Image 15 17.87 A D A A 

Image 16 18.14 A D A A 

 

Regarding the technique used for feature extraction, as already stated in subsection 3.1, the 

visualized bright spots in the transform demonstrate the existence of very specifics 

frequencies in the image which means the confirmation of the existence of the grids. The 

fourth resolution, composed of low frequencies, contains more image information than the 

higher ones and presents a higher magnitude, which is the parameter used for the 

obtainment of the distances and is also related to the contrast. The fourth resolution is 

shown in the phantom images with darker pixels and little contrast, and regarding Image 8, 

which presented, according Table 1, a distance limit of 13.60, this value may be explained 

with the presence of a large white strip in the image, as can be seen in Figure 5 (b). The 

others three disapproved resolutions presented a value of distance close to the established 

distance limit. This Figure 5 shows two phantom images, one approved and the other one 

disapproved both by the computer analysis and human observers. 

 

Figure 6 shows the percentage of the 16 test images evaluated by the algorithm and 

compared with human observation, which were approved or disapproved considering image 

resolution. 75% of the fourth resolution images were approved considering the computer 

analysis, and a range from 69% to 93% was reached regarding the human observers. Also, 

one can see that the variation among the human observers is high and although the results 

of this algorithm were not the most promising, it may be used as a second opinion together 

with the visual analysis.  
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Figure 6: Comparison between the computer analysis using Fourier Transform and distance 

limits and the three human observers. 

5.2. – Fourier transform and correlation 
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In this algorithm, the distance limits for both pattern images and test images were acquired 

applying the same process described in the previous subsection 5.1, but the evaluation of 

the fourth resolution was performed using the measure of correlation instead of only the 

value of distance. Table 2 presents the results of this correlation. 

 

Table 2.-Evaluation of test images applying the algorithm which used Fourier Transform, 

Euclidean distance and correlation. 

Test image Correlation value r 

Image 1 0.71 

Image 2 0.95 

Image 3 0.89 

Image 4 0.79 

Image 5 0.98 

Image 6 0.95 

Image 7 0.98 

Image 8 0.70 

Image 9 0.88 

Image 10 0.94 

Image 11 0.88 

Image 12 0.79 

Image 13 0.95 

Image 14 0.79 

Image 15 0.77 

Image 16 0.83 

 

All the values of correlation r presented in this table are evaluated as strong correlation, 

which means that the fourth resolution should be considered approved. Images 1 and 8 have 

showed values of correlation closer to the borderline between a strong and moderate 
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correlation, thus in the assessment of the resolution of the image quality program, these 

images should be analyzed more carefully, drawing attention to the need of a visual 

analysis by a human observer. 

 

5.3. – Gray level contrast and limits 

 

The fourth resolution visually appears with a lower contrast than the others three 

resolutions, as can be confirmed in Figure 1. 

This measure shows the amount of the variation of the gray levels and as the fourth 

resolution presents a low variation, consequently the value of contrast should be small. As 

just stated, the contrast limit obtained from the 12 pattern images was 6.33 ± 3.40, mean 

and standard deviation respectively. 

 

Table 3 presents the contrast values obtained for the 16 test images and their evaluation in 

comparison with the established contrast limit and with the three human observers. Only 

one image was disapproved regarding the computer analysis, Image 15, with a contrast 

value of 2.22, below the lowest contrast limit. This means that the variation of gray levels 

of the resolution of this image is very low, and this may be confirmed visually looking at 

the image, presented in Figure 7. One can see that in the bottom left there is a small black 

area and that almost all the image appears in the same gray level, which may explain this 

low contrast value obtained. 

Also, it is worth paying attention in the contrast value obtained by Image 8, 8.77, which 

despite this value is within the limit, it is high in comparison with the other ones, showing 

the possibility of a high variation of gray levels and the need to look visually at it for a final 

assessment.  
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Figure 7.-Fourth resolution of Image 15 which was disapproved in the assessment of the 

images resolution by the computer analysis.  

Table 3.- Evaluation of test images applying the algorithm which used gray level contrast, 

where A = approved and D = disapproved. Recalling that for the fourth resolution the 

contrast limits vary from 2.93 to 9.73. 

Test image 
Distance 

value 
Evaluation Observer1 Observer2 Observer3 

Image 1 3.90 A A A A 

Image 2 4.94 A A A A 

Image 3 4.57 A A A A 

Image 4 5.14 A A A A 

Image 5 4.09 A A A A 

Image 6 3.03 A D A A 

Image 7 3.30 A A D A 

Image 8 8.77 A D D D 

Image 9 4.85 A A A A 

Image 10 5.13 A A A A 

Image 11 5.34 A A A A 

Image 12 5.20 A D A A 

Image 13 6.54 A A A A 

Image 14 3.66 A A A A 

Image 15 2.22 D D A A 

Image 16 3.74 A D A A 

 

The comparison of the results obtained by the algorithm using gray level contrast with the 

visual analysis performed by the human observers is shown in Figure 8. 

Considering the computer analysis, 93% of the 16 images were approved, in comparison 
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with 68%, 88%, and 93% of approved images by the human observers, in relation to the 

fourth resolution of the phantom images. Regarding the best results of the computer 

analysis and human observers, it can be seen that it was not the same image - Image 15 for 

the algorithm and Image 8 for the human observer 3, which was disapproved. This fact 

points the subjectivity of this process of analysis and the need to find a way of a human 

observer to work together with others human observers and the computer analysis.  

 

Figure 8.- Comparison between the computer analysis using gray level contrast and the 

three human observers. 

 

5.4. – Gray level contrast and correlation 

 

In this algorithm, the limits for both pattern images and test images were acquired applying 

the same process described in the previous subsection 5.3, but the evaluation of the fourth 

resolution was performed using the measure of correlation instead of only the value of the 

limit. Table 4 presents the evaluation using correlation, comparing the values of contrast 

obtained for the pattern images with the ones obtained for the test images.  
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Table 4.- Evaluation of test images applying the algorithm which used gray level contrast 

and correlation 

Test image Correlation value r

Image 1 0.93 

Image 2 0.99 

Image 3 0.98 

Image 4 0.95 

Image 5 0.95 

Image 6 0.99 

Image 7 0.99 

Image 8 0.74 

Image 9 1 

Image 10 0.98 

Image 11 0.95 

Image 12 0.89 

Image 13 0.99 

Image 14 0.98 

Image 15 0.87 

Image 16 0.93 

 

In this table, it is possible to see that although all the images presented a strong correlation 

with the pattern images, Image 8 presented again the lowest correlation value which may be 
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explained with the presence of a white strip in the image, as can be visualized in Figure 9, 

thus reinforcing the results presented in subsections 5.1 and 5.2.  

 

 

 

 

 

 

 

Figure 9.- Fourth resolution of Image 8 which presented a correlation value of 0.74. 

 

 

6.- CONCLUSION 

 

The analysis of image resolution is an important part of the assessment of a program of 

image quality of mammograms, as this evaluation refers not only with the image itself but 

also with the quality of the equipment which emits the X-rays. 

 

In this paper, we presented four algorithms for the evaluation of the phantom image 

resolution by a computer analysis which included Fourier transform and gray level contrast 

for the description of the image. These algorithms were evaluated comparing the test 

images and the pattern images, verifying if the images were correlated and therefore 

approved in the quality program, or if their values of distance – in the case of Fourier 

transform, or values of gray level contrast – in the case of contrast, were similar and thus 

would be approved. The results pointed that the evaluation through the differences in the 

gray level of the pixels of the images would provide a better analysis of the images using 

the computer, but that this evaluation should be done together with a visual analysis of the 

images.  

 

Howsoever, the subjectivity inherent in the methods of visual assessment of 

mammographic images may be eliminated using these techniques with the computer as an 
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aid, and also an efficient tool for image analysis can be provided, so that the improvement 

of public health is obtained in relation to early detection of breast cancer. 

 

Future works may consider using more images for the definition of the pattern images and 

also provide a system where the user insert a test phantom image and it returns if this 

image was approved, disapproved with the need of a visual assessment, or disapproved. 
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