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ABSTRACT 

 
Objective: AQMI - “Assessment of the quality of mammographic images” was developed to support the quality 

control (QC) of digital mammographic images. Materials and Methods: The software was implemented in the 

Python programming language via the Streamlit library, which involved content structuring and environmental 

planning. The experimental data that were selected from a public domain repository [19]. From the selected 

database, relevant information that was present in the DICOM file was studied to perform the image quality 

test. Then, from searching the literature, indicators that measure image quality were found, such as the signal-

to-noise ratio, the contrast-to-noise ratio, figure of merit and image histogram. Results: AQMI assists in 

analyzing the image quality test established in IN 92 by the Agência Nacional de Vigilância Sanitária [8]. It also 

has quality addition indicators, trend graphs, and the image assessment history. Conclusion: For the 

functionalities of this work, the developed software is a promising tool for use in clinical practice, since it consists 

of a free, friendly, and easy-to-use interface. 
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1. INTRODUCTION 
 

      Breast cancer is the neoplasm with the highest incidence and mortality rate in women [1]. Early 

detection of the tumor significantly improves the chances of successful eradication through 

appropriate treatment. Diagnostic imaging tests, including mammography, magnetic resonance 

imaging, and ultrasound, can be utilized for detection [2]. Among these methods, mammography is 

the gold standard for diagnosis of breast cancer [3].  

     Mammographic screening can identify lesions in the early stages of cancer [4], and when this is 

used in routine screening programs for women over 40, it helps reduce breast cancer mortality by 

more than 25% [5]. The 5-year survival rate of women whose tumors are detected early is 82%, 

compared to 60% for those whose tumors are not detected early [6]. 

In mammography, low-energy X-rays are used to produce high spatial resolution high contrast 

images in order to observe differences between healthy tissue and the radiographic findings [7]. Due 

to the significance of mammography in detection and diagnostics, ensuring image quality is crucial 

for reliable diagnosis. Therefore, mammography units undergo regular quality control (QC) tests, 

which aim to evaluate and provide an assessment of image quality. 

Normative Instruction (IN) 92 of Resolution 611 of the Collegiate Board of the Brazilian Health 

Regulatory Agency (ANVISA) establishes the requirements for quality assurance and the safety of 

mammography systems [8]. The different mandatory tests have well-defined periodicity, tolerances, 

and restriction levels [9]. Of these, image quality tests have to be carried out on a daily basis and 

consist in acquiring a mammographic image using an object-oriented simulator (OOS). An OOS, also 

called phantom, is a physical apparatus that contains objects that simulate clinically-relevant 

mammographic findings of different sizes, thicknesses, and geometries. Several types are available 

in the market, with the American College of Radiology (ACR) phantom being one of the most widely 

used in clinical practice. This OOS is schematically illustrated in Figure 1. 
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Figure 1 – Representation of the ACR mammographic object-oriented simulator representing the 

position of the fibers (F), microcalcifications (S), and tumor masses (M). 

 

                                                   

 
Source: [10] 

The ACR phantom simulates a standard average breast (50% adipose tissue, 50% glandular 

tissue), whose thickness, when compressed, is equal to 4.5 cm [11]. The objects present in it are 

characterized by microcalcifications, fibrous structures, and tumors [11]. These breast pathology 

structures are simulated by way of: six fibers, whose thicknesses are 1.56 mm (F1), 1.12 mm (F2), 

0.89 mm (F3), 0.75 mm (F4), 0, 54 mm (F5), and 0.40 mm (F6); five groups of microcalcifications 

with diameters of 0.54 mm (S1), 0.40 mm (S2), 0.32 mm (S3), 0.24 mm (S4) and 0.16 mm (S5); and 

five groups of masses with diameters of 2 mm (M1), 1 mm (M2), 0.75 mm (M3), 0.50 mm (M4) and 

0.25 mm (M5) [11]. 

The OOS is imaged in a mammography device and the image assessment is performed by 

structure visual counting. The equipment is deemed compliant when it allows visualization of the 

four largest fibers, three largest microcalcifications, and three largest masses [12]. IN 2, on the other 

hand, specifies that the smallest visible fiber must have a minimum thickness of 0.75 mm, the smallest 

visible microcalcification must have a minimum diameter of 0.32 mm, and the smallest visible mass 

must have a minimum diameter of 0.75 mm for an image to be considered compliant. Both of the 

above-mentioned counting criteria are equivalent and, therefore, accepted by ANVISA. 
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In addition to the above-mentioned test, the literature has other image quality indicators, which 

are determined from calculations that use the pixel intensity of the OOS image. Although they are not 

mandatory quality tests (according to IN 92), however, determining them can help to reduce the 

subjectivity of the visual tests. 

Digital radiology, already a reality in Brazil, enables new possibilities with regard to acquiring 

and processing images in diagnostic imaging [13]. The communication and storage of images created 

by all the equipment in the medical field are standardized in a single format that is structured in 

protocols: the DICOM (Digital Imaging Communications in Medicine) file [14]. Unlike other 

formats, this file comprises images with their descriptions and the elements that identify them as 

medical images [15]. Among the information included in the DICOM file, some of the parameters 

can help in mammography QC, since this format stores image acquisition information, such as 

current-time product (mAs), peak kilovoltage (kVp), the entrance skin dose (DEP), the mean 

glandular dose (MGD) and exposure time [16]. So it is convenient to access DICOM tags easily. 

It is clear that a wide range of information relevant to QC can be extracted from an OOS image. 

The periodicity of the IN 92 image quality test corroborates the volume of images acquired for QC. 

This demands greater organization in the storage of these images and enables a comparative 

assessment of them for early detection of any signs of degradation in the equipment. 

Considering the aforementioned factors, it is important to develop software that brings together 

information that is relevant to the QC of mammograms and enables this information to be organized 

and managed. This will allow the clinical team to have a broad view of the operational quality of the 

mammography equipment in service. Despite this, most health centers do not have access to tools of 

this nature. There are a few reports in the literature of similar tools, as is the case with the work by 

Visanuyanont et al. (2021), who proposed the DOSESTAT-QC software which, according to the 

authors, has an intuitive interface that is easy to use and automatically provides the results of 

assessments, such as the visibility of groups of contrast details, homogeneity, signal-to-noise ratio, 

and contrast-to-noise ratio [17]. However, the disadvantage of Visanuyanont et al. (2021) was that it 

is not a free tool. Moreover, this software was not developed considering the Brazilian legislation.  
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Thereby, this work describes the development of the AQMI software, the acronym for 

“Assessment of the Quality of Mammographic Images”, a software to support the QC of the images 

taken on digital mammography devices. This software is able to determine and store image quality 

indicators as required by Brazilian legislation (IN 92), additional indicators, the acquisition of 

DICOM file parameters for image quality verification, and the comparative analysis of the histories 

of quality-controlled images. 

 

2. MATERIALS AND METHODS 
 

The proposed software was developed in the Python programming language. The Streamlit library 

was used for creating the environment as this allows data scripts to be transformed into Web apps, 

and there is no need for any front-end experience [18]. The Matplotlib and Plotly libraries were also 

used at the same time for data visualization, as were Pandas for database manipulation, Numpy and 

Scipy for calculating statistical metrics and histograms of the image, Pydicom for reading the image 

in DICOM format, and Tkinter for implementing interaction between the software and the user. 

The development steps can be outlined as follows: software structuring, selection of experimental 

data, extraction of relevant information from the DICOM file, and incorporation of additional 

indicators. These steps will be elaborated upon in the subsequent sections. 

 

2.1. Structuring the software 

At this stage in the work, the software was planned, including an analysis of its content and 

environment design. Thus, a comprehensive survey of the existing Brazilian legislation regarding 

mammography was conducted and based on the periodicity of the image quality test and the level of 

tolerance. The modules were then selected for composing the software structure, which is identified 

by way of a navigation menu. This was followed by structuring the composition of the software, the 

objective being to develop a simple and intuitive interface for the user. 
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To use this tool in image quality testing, the user must select the storage directories from the 

software results, and the location of the images acquired during the test; the user uses their own 

directory for locating the images. There is no need for the computer to be connected to the Internet, 

however, since it is local. In order to guarantee that the history is preserved, all the analyzed images 

are copied into a specific internal directory linked to the software.  

 

2.2. Selecting the experimental data 

To consolidate the functionality of each module that is developed, and to define parameters for 

adjusting the software and its layout, the public domain database proposed by Guzmán et al. (2019) 

was used, which contains 126 images of the ACR phantom object in DICOM format [19]. How the 

images were acquired is described in the work by Guzmán et al. (2019). 

 

2.3. Selecting relevant information (tags) in the DICOM file 

To select relevant tags in the DICOM file, a study of which information is correlated with the 

quality of the image in the DICOM file was carried out. DICOM 3.0 [20] documentation, which is 

the current version, was used as a basis for this with the purpose of understanding what each tag 

represents, and how it is determined, that is, if they come from a calculation or are obtained from 

sensors in the equipment. From this study, the following tags were selected for inclusion in the 

software with regard to the operational parameters: (0018, 0060) KVP, (0018, 1152) Exposure, (0018, 

1191) Anode Material, (0018, 7050) Filter Material, and (0018, 7060) Automatic Exposure Control. 

These tags were selected to inform and facilitate the work of the professional responsible since these 

are selected during image acquisition. 

The (0040, 0316) Organ Dose tag, corresponds to the MGD in dGy, which is deposited in the 

phantom during image acquisition [20]. This parameter was selected to make the dose value 

accessible in mammographic procedures. The (0018, 1147) and (0018, 1190) tags were selected 

because they represent the shape of the field of view and the focal point of the mammogram, 

respectively [20]. These influence the spatial resolution of the image [21], but the (0018, 1149) tag, 
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Field of View Dimension, interferes with the contrast resolution. The (0018, 1111) Patient Distance, 

and (0018, 1110) Detector Distance tags represent the distance from the patient, which in the case of 

the image quality test is the OOS, and the distance from the detector. These distances alter image 

distortion and detail, respectively [21], while (0018, 11a0), Body Part Thickness, alters the density. 

For image acquisition, the density will remain constant as all acquisitions will be performed using the 

same phantom. Therefore, the density will correspond to that of the phantom itself.  Grids are used to 

contain the scattered radiation of the beam since this reduces image quality [21]; therefore, the (0018, 

1166) tag, Grid, was also selected to be displayed in the interface. Finally, the (0018, 0022) tag, 

Acquisition Date, was selected to inform the user of the date on which the image was acquired. 

 

2.4. Additional indicators 

The literature presents some options for image quality indicators, such as signal-to-noise ratio 

(SNR), contrast-to-noise ratio (CNR), and figure of merit (FOM). To determine these indicators, it is 

initially necessary to select a Region of Interest (ROI) that contains a visible structure (in the case of 

this work, region M1 was selected) and a Background Region (BG) that are free of structures between 

S1, S2, and M1 [22], as shown in Figure 2. Both the ROI and the BG have a radius of 40 pixels. 

Figure 2 - ROIs for calculating additional indicators. 
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The SNR, described in Equation 1, is for assessing image quality from the point of view of 

excessive noise, a factor that is associated with poor image quality. On the other hand, the parameter 

that best describes the ability to detect breast lesions is the CNR [23]. This indicator, which is 

calculated using Equation 2, allows the sensitivity to be identified when detecting structures, and 

describes the size of the signal in relation to the background noise in an image, which is particularly 

useful for simple objects [24].  

 
𝑆𝑁𝑅 =  

𝑋̄𝐵𝐺

𝜎𝐵𝐺
    

(1) 

 

 
𝐶𝑁𝑅 =  

𝑋̄𝑅𝑂𝐼  −  𝑋̄𝐵𝐺

𝜎𝐵𝐺
 

(2) 

in which 𝑋̄𝐵𝐺 is the average value of the pixel intensity of the background (BG), 𝜎𝐵𝐺 is the standard 

deviation of the pixels in the background of the image, and 𝑋̄𝑅𝑂𝐼 is the average value of the pixels of 

the ROI [24]. All the variables in Equations 1 and 2 were calculated using the Python libraries.  

FOM is a quality indicator that relates image quality to the dose required to produce it. High 

FOM values indicate the ability of the system to provide an image with good contrast and a low dose 

[25]. Borg et al. (2012) proposed Equation 3 for calculating this. 

 𝐹𝑂𝑀 =  
𝐶𝑁𝑅 2

𝑀𝐺𝐷
  (3) 

in which MGD represents the Mean Glandular Dose [26]. This information will be taken from tag 

(0040, 0316), Organ Dose, in the DICOM file. CNR is the contrast-to-noise ratio determined in 

Equation 2. 

A histogram is a graphical representation of the statistical distribution of the gray levels in an 

image in terms of the number of pixels. In addition to the aforementioned additional indicators, a 

histogram of the image pixels was also incorporated into the software. Although the histogram is not 
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a specific tool in mammography image QC, it was included in the software because it is related to 

image quality from a general point of view. This is because histograms of images can be 

comparatively analyzed in the search for peaks and/or troughs that can be used, for example, to 

determine thresholds or to detect atypical behavior in images [27].  

 

3. RESULTS AND DISCUSSION 

The AQMI software was developed on the basis of the methodology described, and in order to 

use it the user must have the DICOM images stored locally. 

Figure 3 presents a diagram of the modules that the software provides, as well as the input and 

output data of each module. To navigate between them, a navigation menu, shown in Figure 4, is 

available to the user on the left-hand side of the screen.  

 

Figure 3 – Diagram of the functionality of the AQMI software. Each box represents a software module. 
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In starting the software’s functions, the software itself automatically creates a folder called 

CQMAMO on the local disk. Once this is done, the user can view the guidelines for carrying out the 

image quality test in the “Homepage” module, using the OOS of the ACR and image storage (Figure 

4). They must also register the identity of the mammography equipment, provided it is the first time 

the software is being used. With the registration completed, the user can see if the equipment is in the 

interface. Note that this name will be used to store the images inserted for test assessment. For those 

users who do not want to use this folder for saving the image quality test information, there is a 

“Change storage directory” button to allow a new directory to be selected for storing the software 

results (Figure 4).  

Figure 4 – First page of the AQMI software module. 

 

 

 

In the “Image quality test” module, the user can visually assess the acquired image according to 

the instructions of IN 92, using the interface shown in Figure 6. The user must first select the image 

that will be assessed. This image will be displayed and the user will be able to count the structures 

manually. Based on the number of structures informed by the user, the software automatically informs 

whether the image complies with the determination of IN 92 (Figure 5). The relevant DICOM tags 

are also shown to the user in this module in the expandable menu “Technical acquisition parameters 

of the image”. 
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For the “Additional Indicators” module, the user must select the image for analysis. The software 

then automatically calculates all the indicators in this module. Figure 6 shows the results of the SNR, 

CNR and FOM indicators in the interface. The module also has an expandable menu for describing 

the calculations of these indicators. Figure 6 also shows the histogram of the image, along with its 

statistical metrics. 

 

 

Figure 5 - Layout for the user to assess the image quality test. 

 

 

 

It is important to mention that in the current version of the software, the ROI and BG 

coordinates (Equations 1 and 2) are selected from fixed coordinates. This represents a limitation of 

the work, since small variations in the size of the image can lead to unwanted regions being selected, 

but automatic ROI selection methodologies are being developed by the research group and should be 

incorporated into the software in future versions. 

Finally, the module entitled “Test History” offers a visualization of the results of the image quality 

test assessments that are stored in the working directory selected by the user. This visualization can be 

obtained from the module itself, which is given in the software interface (Figure 7). There is, however, an 
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option to access the “Equipment Room” folder, which is automatically created in the directory chosen on 

the “Homepage” and stores the results of the assessments on Microsoft Excel files. 

Figure 6 - Layout for the user to visualize the SNR, CNR, FOM and histogram of the assessed 

image and the statistical metrics of the pixel matrix and the histogram shown in the software 

interface. 
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Figure 7 – “History of the AQMI software tests” module. 

 

 

 

In this same module the software also provides trend graphs, shown in Figure 8, of the 

analyses carried out, which enable the results to be compared over time. The user can select the period 

of interest for which they wish to view the results.  

 

Figure 8 – Trend graphs for the structures of the test in the object-oriented simulator of the ACR in 

the “Test history” module. 
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4. CONCLUSION 

The aim of this work was to develop software for supporting image quality tests in 

mammography that enables information relating to such tests to be organized and managed. It allows 

image quality tests to be analyzed, as established in IN 92, and also contains additional quality 

indicators, trend graphs, and an assessment history. For the functionalities of this work, therefore, the 

software that was developed satisfactorily meets its purpose and is a potential tool for using in clinical 

practice, since it consists of a friendly interface, is easy to use, and is free of charge. 

In the future it is intended to include the automatic selection of regions of interest for 

calculating additional indicators since these regions are selected from fixed coordinates in the current 

version of the software. It is also intended to improve the histogram-based comparative indicator in 

order to make it more intuitive. Finally, the aim is to validate the software from the opinions of 

professionals who work in clinical practice. 

 

5. SUPPLEMENTARY MATERIAL 
 

The source code is available at: https://github.com/ArthurMangussi/AQMI 
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