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ABSTRACT 

 
Exposure Computational Models  (ECMs) are utilities that simulate situations in which  occurs irradiation in a 

given environment. An ECM is composed primarily by an anthropomorphic model (phantom), and a Monte 

Carlo code (MC). This paper presents a tutorial of the software Espectro de Raios-X (ERX). Th is software 

performs reading and numerical and graphical analysis of text files containing diagnostic X-ray spectra for use 

in algorithms of radioactive sources  in the ECMs of a Grupo de Dosimetria Numérica. The ERX allows the user 

to select one among several X-ray spectrums in the energy range Diagnostic radiology X-Ray most commonly 

used in radiology clinics. In the current version of the ERX there are two types of input files: the contained in 

mspectra.dat file  and the resulting of MC simulations in  Geant4. The software allows the construction of charts 

of the Probability Density Function (PDF) and Cumulative Distribution Function (CDF) of a selected spectrum 

as well as the table with the values of these functions and the spectrum. In addit ion, the ERX allows the user to 

make comparative analysis between the PDF graphics of the two catalogs of spectra availab le, besides being 

can perform dosimetric evaluations with the selected spectrum. A software of this kind is an important 

computational tool for researchers in numerical dos imetry because of the diversity of Diagnostic radiology X-

Ray machines, which implies in a mass of input data highly  diverse. And because of this, the ERX prov ides 

independence to the group related to the data origin that is contained in the catalogs creat ed, not being necessary 

to resort to others. 
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1. INTRODUCTION 

 

To estimate the absorbed dose to the patient in a series of diagnostic radiology X-Ray tests, it 
is necessary to perform simulations using an Exposure Computational Model (ECM). 

Because of this, the Grupo de Pesquisa em Dosimetria Computacional e Sistemas 
Embarcados (GPDC&SE /CNPq) and the Grupo de Dosimetria Numérica (GDN/CNPq) 
have developed a number of ECMs [1], utilities that simulate situations in which occurs 

irradiation in a given environment. A MCE should contain additional information such as 
field size, source position, focus-film distance, flight direction of the X-ray photons, energy 

these photons, among others. 
 
These models should be composed primarily by an Anthropomorphic Model to simulate the 

irradiated geometry (usually referred as Phantom); Algorithms to simulate the used 
radioactive source; and a Monte Carlo code (MC) to simulate the transport and interaction of 

radiation with the material, evaluate the energy deposited and estimate the Conversion 
Coefficients (CC) (ratio between doses absorbed by organs and tissues and measurable 
quantities) [2].  

 
The focus of this project is in the algorithms to simulate the radioactive source for diagnostic 

radiology X-Ray and to obtain information about the simulated spectra in text files for the use 
in algorithms of radioactive sources in the ECMs groups.  
 

The research groups involved in this project and students and/or professors of the 
Departamento de Energia Nuclear da Universidade Federal de Pernambuco (DEN-UFPE) 

has developed some software related to dosimetric evaluation, for instance, the CALDose_X 
[3]. This is a computational tool that, besides being an interface to a data file with several 
results of radiodiagnostic examinations, provides the possibility to estimate the Incident Air 

Kerma (INAK) and the Entrance Surface Air Kerma (ESAK) of the phantoms, two important 
quantities of normalization used in external dosimetry. 

 
When a radiological institute installs the CALDose_X, the operator of the X-ray equipment 
must raise a curve of INAK rate to 1m target in relation to the tube potential. With this 

efficiency curve and the user information (tube potential, current, focus-film distance, field 
dimensions, common exams, etc.), you can get lists of values of absorbed dose to organs and 

tissues that are in the irradiated region. The ERX was developed similarly to CALDose_X, in 
other words, in an environment of Microsoft Visual Studio 2010, using projects such as 
Windows Forms Application and C# programming language [4]. In this work were made 

comparisons results between obtained with software CALDose_X and with software ERX 
[5]. 

 
All work carried out in DEN-UFPE with ECMs naturally use several MC simulation 
techniques. With the development of faster and accessible computers, combined with 

processing techniques, the techniques of computer simulation performed with the MC method 
are much used nowadays as an interactive way to solve experimental problems. In addition, 

have been effective for studies of situations where physical measures are impractical, difficult 
to achieve or expensive, such as in the simulation of the interaction of photons and electrons 
with the material to evaluate the energy, spatial position, the flight direction of the incident 

radiation and the absorbed dose to medium [6]. 
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In this paper, these MC techniques were useful in two principal moments which will be 
detailed in the next section of this document: Use of Geant4 to simulate X-ray spectra based 

on input data such as filtering, voltage, current, etc.; Use of EGSnrc linked to MASH 
phantom and of the g4spectra.dat file to simulate radiological examinations similar to those 

available in CALDose_X. 
 

2. MATERIALS AND METHODS 

 
This study was carried out using a computer equipped with Microsoft’s Windows XP 

Professional operational system, 2002 Version, Service Pack 3, 0,99 GB of RAM memory 
and 2,99 GHz of processor’s clock, besides Microsoft Visual Studio 2010, Microsoft Office 
2010 and the EGSnrc MC code to execute the MSTA’s exposure computational model. The 

subsections below detail the used methodology for the development and implementation of 
algorithms to simulate the production of X-Ray spectra on the computer using the Geant4, the 

simulation with the EGSnrc/MSTA ECM and to perform dosimetric evaluations. 

2.1. Simulation using Geant4 

 

The Geant4 (GEometry ANd Tracking) [7] is a free distributed computational toolkit that can 
be used to simulation of the passage of particles through matter. According to its developers, 

its areas of application include high energy, nuclear and accelerator physics, as well as studies 
in medical and space science. 
 

In this work was used the text file mspectra.dat, available for the GDN/CNPq in ECMs of 
type VOXEL-PHANTOM/EGS4-EGSnrc, which has 61 spectra for applications in medical 

physics and radiation protection. The Geant4 was used to simulate X-ray spectra in the 
energy range of Diagnostic radiology X-Ray [8] to create a text file named g4spectra.dat, 
similar to the catalog mspectra.dat. Thereafter will be produced a paper describing the 

development of this simulation. 
 

In the previous version, the ERX allowed the user to select one of X-ray spectra contained in 
the mspectra.dat text file. In the current version there are two types of input files: the 
mspectra.dat and the resulting from the MC simulations in Geant4, which were organized to 

create the g4spectra.dat. 
 

2.2. Simulation using EGSnrc system 

 
The EGSnrc (Electron Gamma Shower) – extended and improved version of the EGS4 – has 

programming language Mortran and is a package for the MC simulation of coupled electron-
photon transport [9]. It was used to execute the ECM MSTA (M = Male; STA = STAnding). 

 
To perform a given simulation, primarily, is necessary to create the folders “HEN_HOUSE” 
and “EGS_HOME” according to the destination “C:\HEN_HOUSE\EGS_HOME\MSTA” so 

that the referring data to simulation to be stored properly. With the file properly customized, 
the EGSnrc is initialized for compilation of ECM. After this step, the user must develop the 

so-called user code, which contains two main files used in this work: *.egsinp and *.pegs4dat 
The file *.egsinp, Fig. 1, it is a text file with operational input data that can be modified by 
the user, such as the number of stories (e.g., 5 x 106), the energies in keV (entre 10 e 10000), 

among others. 
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Figure 1.  Part of the file expo_G4_PA (*.egsinp) 

with data for the simulation of the energy of 100 

keV. 

 

 

The file *.pegs4dat contain another important input file which brings the cross sections of the 
materials organ’s and tissue’s in the body. This file for the MASH is called 

CSECT_M20_sta.pegs4dat and there was no need to change it in this work.  
 
To execution the ECM simply click the "Start" button and simulation according to the 

personalized information will be held. The Fig. 2 displays the main window interface EGSnrc 
GUI during the execution of the energy of 100 keV, with a number of stories of 5x106. 

 
 

 
Figure 2.  Main window interface EGSnrc during 

the execution of a certain energy. 

 

 

The output files contain the data referring to simulations, as well as a summary of organs with 

values of CC, coefficient of variance, among others as shown in Fig 3. These data were used 
for perform dosimetric evaluations, which will be detailed in the following subsection.  
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Figure 3.  Output files containing information used 

in the simulation 

 

 

2.3.  Dosimetric Evaluations  

 

We collected information on the various diagnostic radiology X-Ray machine that exist in 
Brazil, more precisely in the city of Recife-PE, to establish parameters such as tube potential, 
current, focus-film distance, field dimensions, common exams, etc.. In this research [10] 

found that the exams most accomplished are the thorax and abdomen - AP (Anterior-
Posterior), PA (Posterior-Anterior), LD / LE (Profile) projection. Thus, these exams were 

chosen to be implemented in the current version of software ERX.  
 
To perform dosimetric evaluations is necessary to accomplish simulations using a phantom 

and a MC code. There are several MC codes available and also specific voxel phantoms for 
the two genders that has were developed. However, the coupling of a voxel phantom to a MC 

code is a complex process and it almost always results in the solution of a particular problem.  
This means that the use of these computational tools is nonviable in the routine of clinics and 
hospitals that carry out X-ray exams, because the simulations with ECMs demand time, 

knowledge about the used code and several adjustments have to be implemented from one 
simulation to another [10]. 

 
In this context, was mounted an ECM composed by the EGSnrc code coupled to the MASH 
phantom [11] to simulate exams of thorax in the PA projection. The results using a selected 

spectrum of software SR78 [12], stored in mspectra.dat, and some additional parameters were 
compared with a similar spectrum developed in this project, stored in g4spectra.dat. The data 

referring to the two spectrums are: 100 keV energy and filtration of 2.5 mm of Aluminum. 
 
The simulations were for thorax exams, with posterior-anterior projection (PA) and the 

minimum number of stories needed was 5x106. Information about the dimensions of the field, 
the focus-film distance and the central point of the field were custom similarly to done 

research. 
 

3. RESULTS  

 
The ERX is a software for reading and graphical and numerical analysis of text files 

containing diagnostic radiology X-Ray spectra for use in algorithms of radioactive sources in 
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the ECMs of a GDN/CNPq. It was developed in an environment of Microsoft Visual Studio 
2010, using projects such as Windows Forms Application and C# programming language.  

The software allows the user to select an X-ray spectrum in the energy range Diagnostic 
radiology X-Ray most commonly used in radiology clinics (between 20 and 150 keV). 

 
The Fig. 4a shows the current version of the ERX. There are two types of input files: the 
contained in the files mspectra.dat and g4spectra.dat. The Fig 4b shows the global and local 

view of a selected spectrum, that is, the software allows the construction of graphs 
Probability Density Function (PDF) and Cumulative Distribution Function (CDF) of a 

selected spectrum, as well as the tables with the values of these functions and of the 
spectrum. 
 

 

 
Figure 4. (a) The current version of interface ERX.             

(b) Example of a spectrum being displayed on the 

software. 

 

 

Thereafter, a copy of the data can be saved and/or printed.  In addition, the ERX allows 
comparative analysis between the PDF graphics of the two spectra catalogs. Finally, the user 
will be able to perform dosimetric evaluation with the selected spectrum and additional 

information such as focus-film distance, current, phantoms and the type of exam. 
 

The Tables 1 e 2 shows the dosimetric results concerning to simulations made with the 
mspectra.dat  and the g4spectra.dat. Below are shown the number of stories used, ranging 
from 5x106 to 1x108, and some of the conversion coefficients between equivalent dose and 

INAK and coefficients of variance for organs and tissues located in the regions of the exams. 
 

 
Table 1. Dosimetric results for the exam of the thorax with the number of 

stories of 5x106 

 

 

Organs  

mspectra.dat (SR78) g4spectra.dat (ERX) 
Dose/INAK 

(Gy/Gy) 

Coef. of Variance 

(%) 

Dose/INAK 

(Gy/Gy) 

Coef. of 

Variance (%) 

Thyroid  0. 26669 2.43 0. 24471 2.47 

Lungs  0. 41697 0.25 0. 39431 0.25 

Liver 0. 15411 0.37 0. 14612 0.37 
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Kidneys 0. 36602 0.54 0. 3445 0.55 

 

 

 

Table 2. Dosimetric results for the exam of the thorax with the number of 

stories of 1x108 

 

 

Organs  

mspectra.dat (SR78) g4spectra.dat (ERX) 
Dose/INAK 

(Gy/Gy) 

Coef. of 

Variance (%) 

Dose/INAK 

(Gy/Gy) 

Coef. of 

Variance (%) 

Thyroid  0. 26095 0.55 0. 24638 0.55 

Lungs  0. 41688 0.06 0. 39391 0.06 

Liver 0. 15437 0.08 0. 14591 0.08 

Kidneys 0. 36591 0.12 0. 34684 0.12 

 

 

These dosimetric evaluations were possible because the executable files of the MCES FASH-

MASH/EGSnrc are embedded in the software ERX and each time the user selects the 
additional parameters and activates the "Simular" button, the name of the selected executable 
(Ex.:MASH.exe) is passed to a function called process that executes and saves the results in 

the same folder where is the .exe file. The user can access the results on their own output files 
of ECM or through the software ERX. 

 
A software of this kind is an important computational tool for researchers in numerical 
dosimetry because of the diversity of diagnostic radiology X-Ray machines, which implies in 

a mass of input data highly diverse. And because of this, the ERX provides independence to 
the group related to the data origin that is contained in the catalogs created, not being 

necessary to resort to others.  
 

4. CONCLUSIONS 

 
In this work was presented the current version of software ERX with their abilities and 

usefulness in the context of a research group. These computational tools are useful for tasks 
such as those described herein. 
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