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Introduction  

 

Exposing individuals to ionizing radiation is unfeasible as a research method in terms of radiological protection 

standards [1]. Exposure Computational Models (ECMs) play an important role in simulating radiation transport and its 

interaction with matter. ECMs simulations are comprised of three basic components: a simulator algorithm with 

radioactive source properties, a Monte Carlo (MC) code for radiation transport simulation, and a computational phantom 

to represent the geometry under analysis [2]. Such advanced techniques have been used to accurately simulate medical 

procedures. This study aimed to construct a catalogue of X-ray energy spectra of mammography for use in various 

simulations. Additionally, an in-house software was developed in order to manage catalogue setting features. 

 

Methodology  

 

Data from output spectra used to construct the catalogue were primarily obtained in the online tool Simulation of X-

Ray Spectra (SXRS), available at https://www.oem-products.siemens-healthineers.com /x-ray-spectra-simulation. SXRS 

enables spectra downloading and provides access to plenty of selection parameters, including anode material, tube voltage 

(ranging from 18 kV to 40 kV, at 1kV intervals), filter material, and filter thickness (table 1). Output data format acquired 

on spectra simulations need to be formatted in order to be read and interpreted by the MC code. 
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Table 1: Anode material, filter material and filter thickness. 

 

Anode Material Filter Material Thickness (mm) 

Molybdenum Molybdenum 0,03 

Molybdenum Rhodium 0,025 

Rhodium Rhodium 0,025 

Tungsten Aluminium 0,5 

Tungsten Rhodium 0,05 

Tungsten Silver 0,05 

Source: the authors. 

 

For this purpose, an algorithm was implemented in the MonteCarlo software and aided by Digital Image Processing 

(DIP) software [3]. 

 

Results  
 

Figure 1 shows, partially, the image of the original spectrum file labeled by ‘ECSpectraRh018Rh0025.spectrum’ 

(energy in KeV and the average number of photons per mm²) and the same data organized in the 

EnergyContinuousSpectra.txt file with discrete spectra catalogue (energy in MeV and the cumulative probability).  

 

Figure 1: Original spectra data and organized spectra data in EnergyContinuousSpectra.txt file.  

 

 
Source: the authors. 

 

Figure 2 shows a spectrum curve (ECSpectraRh018Rh0025.spectrum), obtained by reading the 

EnergyContinuousSpectra.txt file in the DIP software. The following 18 kV spectrum was simulated with anode-filter 

combination of Rhodium-Rhodium and filter thickness of 0.025 mm. Both charts below describe, respectively, the 

probability density function (figure 2 (a)) and accumulated distribution function (figure 2 (b)) as a function of energy 

(MeV). 
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Figure 2: Spectrum curve charts read in DIP. 

(a) Probability Density Function. (b) Cumulative Distribution Function. 

(a)    (b) 

Source: the authors. 
 

Conclusion 
 

In-house softwares of the Numerical Dosimetry Research Group were used to organize and display continuous energy 

spectra, derived from mammography simulations, in a text file and visualize each spectrum as a curve. Regarding all 

simulated spectra, the catalogue was demonstrated to be extremely useful for coupling in ECMs and it will soon be used 

in dosimetric assessments. 
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