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ABSTRACT 

 
In order to estimate the dosage absorbed by those subjected to ionizing radiation, it is necessary to perform 

simulations using the exposure computational model (ECM). Such models are consists essentially of an 

anthropomorphic phantom and a Monte Carlo code (MC). The conjunction of a voxel phantom of the MC code 

is a complex process and often results in solving a specific problem. This is partly due to the way the phantom 

voxel is stored on a computer. It is usually required a substantial amount of space to store a static representation 

of the human body and also a significant amount of memory for reading and processing a given simulation. This 

paper presents a new way to store data concerning the geometry irradiated (similar to the technique of repeated 

structures used in the geometry of MCNP code), reducing by 52% the disk space required for storage when 

compared to the previous format applied by Grupo de Dosimetria Numérica (GDN/CNPq). On the other hand, 

research in numerical dosimetry leads to a constant improvement on the resolution of voxel phantoms leading 
thus to a new requirement, namely, to develop new estimates of dose. Therefore, this work also performs an 

update of the MAX (Male Adult voXel)/EGS4 ECM for the MASH (Adult MaleMeSH)/EGSnrc ECM and 

presents instances of dosimetric evaluations using the new ECM. Besides the update of the phantom and the MC 

code, the algorithm of the source used has also been improved in contrast to previous publications. 

 

 

 

1. INTRODUCTION 

 

To estimate the dose absorbed by those subjected to ionizing radiation, it is necessary to 

perform simulations using the ECM. Such models consist basically of three conceptually 
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independent systems: an anthropomorphic simulator (phantom), an algorithm of the 

radioactive source and an MC code. 

 

In relation to phantoms, its computational history began in the 1960s with the MIRD-type 

mathematical models (Medical Internal Radiation Dose) [1], used in internal dosimetry. This 

type of phantom consists of sections described by quadrics. Later comes the voxel phantoms, 

based on real images acquired, for instance, by computerized tomography. The GDN/CNPq 

has been producing voxel phantoms of distinct ages. In order to construct these phantoms 

efforts have been made to achieve voxels with smaller dimensions to suit simulations which 

require further improvement, for example, in trabecular bone. The sophistication greatly 

improves the dosimetric estimates. However, it requires more storage space on computers. As 

an instance of this problem, it is convenient to compare two versions of the text files 

including both the adult male phantoms used by GDN/CNPq: MAX [2], and MASH [3]. The 

MAX has 4,303 KB and the MASH 47,626 KB. These text files with extension *.data 

includes data and some information about the structure of storage and are referred in this 

work as a traditional format or file data format as opposed to repeated structures, which is 

similar to the technique used by the MCNP code [4] radiated to the geometry. The new 

format is also developed and adopted the text file to a *.sid (Sistema de Informações 

Dosimétricas). 

 

After converting the format *.data to *. sid, dosimetric evaluation has been performed with 

the following ECM: MASH, a new algorithm for the simulation of the radioactive source in 

soil [5] and the EGSnrc MC code [6]. This ECM has been entitled as MSTA_EXP (Mash 

Standing Exponential). Some graphical and numerical results are presented using the 

conversion coefficients (CCs) between the equivalent dose in organs and tissues 

radiosensitive and air KERMA printed in output files MSTA_EXP. 

 

 

2. MATERIALS AND METHODS 

 

This work was carried out using a computer with an Intel Core i3, 4GB RAM, 2.3 GHz and 

500 GB HD. This computer has Windows 7 Professional 64-bit, Microsoft Visual Studio 

2010, Microsoft Office 2007 and EGSnrc installed. The following subsections detail the 

procedures used to convert file formats, the development of the algorithm simulator source, 

and the organization of MSTA_EXP. 

 

2.1. Format Conversion File Storage Phantom DATA for SID. 

 

The GDN/CNPq stores the voxel phantoms for visualization and edition in a format 

denominated as binary type SGI (Simulação Gráfica Interativa). This type of file includes a 

heading of 3 bytes to store the dimensions of the phantom, followed by the data which is 

stored byte by byte. These data are the organs and tissues phantom’s identifying numbers 

(IDs). The DATA format, coupled to the EGS4 MC Code [7] and EGSnrc, is a text type. The 

method in order to convert SGI and DATA formats has been incorporated into the software 

FANTOMAS [8]. This software is used by the Group to perform various tasks with voxel 

phantoms, such as building, editing, visualizing and converting specific formats. The Fig. 1a 

shows the submenus where it is possible to perform file conversions. The conversion of SGI 

to SID and vice versa may also be performed in software DIP [9] (Fig. 1b). 
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(a) (b) 

 

Figure 1.Main windows of software: (a) FANTOMAS and (b) DIP. 

 

 

 

In the case of conversion to SID, which uses the technique of repeated structures, the 

procedure is to perform a 3D scan of the matrix that represents the phantom, counting, 

cumulatively, all voxels with the same ID. The following listing shows a snippet of code in 

C# [10] which defines a list of string, reads the SGI input, adds a heading with the total 

number of slices, rows and columns, and then transfers the data from SGI to the SID. 

 
List<string>listaFantomaEntradaSID = newList<string>(); 
listaFantomaEntradaSID.Add(string.Format("FLC:{0}:{1}:{2}", fanE.Fatias, fanE.Linhas, 
fanE.Colunas)); 
int id, cont; 
uint n = 0; 
while (true)//Armazenando na lista inclusive com zeros 
{ 
if (n <fanE.NVoxels) 
{ 
   id = fanE.Buf1D[n]; 
   cont = 0; 
   while (id == fanE.Buf1D[n]) 
   { 
      cont++; 
      n++; 
      if (n >= fanE.NVoxels) 
      break; 
   } 
 
   if (id == 0) 
      listaFantomaEntradaSID.Add(string.Format("{0}", cont)); 
   else 
      listaFantomaEntradaSID.Add(string.Format("{0} {1}", cont, id)); 
   } 
   else 
   break; 
} 

 

Fig. 2a shows a fragment of the SID file, wherein the first line indicates: Number of Slices 

(1462), Rows (258) and Columns (478). The second line brings the first group of zeros: 

56641 zeros. The third row, first column, the number of voxels (4) with ID equals to 1. Thus, 

it’s evident that from then on every line with only one column indicates the total number of 

zeros and two columns with the number of voxels and the ID of the body, respectively. Fig. 

2b shows the fragment corresponding to the file dates from the same phantom. 
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(a) (b) 

 

Figure 2. (a) Fragment of the file SID and (b) fragment corresponding DATA. 

 

 

 

Clearly the image of the two fragments of files shown in Fig. 2 indicates a simpler method 

where information is stored. MASH.data file has a size of 47626 KB, and the MASH.sid 

24855 KB. Thus, applying the technique of repeated structures, there is a reduction of 

approximately 52% compared to the size of the file stored in the traditional method. 

However, despite the reduction in file size to enable a considerable increase in storage space, 

the runtime MSTA_EXP remains unaltered. 

 

2.2 An Algorithm from Radioactive Source in the Soil 

 

In 2006, an algorithm has been developed to describe a source of gamma radiation in the soil 

of which illustration is shown in Fig. 3 [5]. As you might guess, the height h of the phantom 

and the maximum radius rmax of the circle are considered as paradigm of the soil projection.  

 

 

 

 
 

Figure 3. Illustration of the scene in the algorithm developed from the source in the soil. 

 

 

 

The Equation 1 is the Probability Density Function (PDF) that represents this problem 

analytically: 
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Table 1 shows the constants applied to the development of the new algorithm source and Fig. 

4a compares the profile of the original PDF with the exponential PDF used in [5], whereas in 

Fig. 4b a comparison is made with the exponential PDF of this paper. 

 

 

 

Table 1. Constants of the problem 

 

rcy(cm) 28.8 

rmax(cm) 20000 

h(cm) 175.56 

A 1.32302 10
-5

 

 (cm
-1

) 0.0008 

 

 

 

 
(a) 

 
(b) 

 

Figure 4. Graphs of exponential PDFs over the original PDF. 
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The method used to obtain samples of the exponential and among which chooses samples that 

also satisfy the PDF of the problem, is named the MC method rejection [11]. In this method 

the problem of the PDF must be placed in contraposition to the chosen PDF in order to 

perform the samplings. You may see that in Fig. 4b that the current PDF exponential best 

meets this requirement. 

 

 

2.3 Simulation with MSTA_EXP ECM 

 

The MC code EGSnrc uses in its routines simulation the Mortran programming language. To 

perform a given simulation, the user must develop the so-called user code, which consists 

basically of three files: *.mortran, *.pegs4dat  and *.egsinp. The sub-subsections below show 

some important steps made in user files and using the graphical user interface (GUI) EGSnrc. 

2.3.1 The file *.mortran 

 

This text file was customized to simulate the MSTA_EXP.mortran regarding the version used 

in [5], changing the original source parameters shown in Table 1. Figures 5a and 5b show 

fragments of the file wherein these parameters changes reside. 

 

 

 

  

  
(a) (b) 

 

Figure 5. Fragments of the *.mortran in two versions. 

 

 

2.3.2 The file *.egsinp 

 

It is a text file with operational data input. Among other data, the file shows: 

 The value of the maximum radius – 2000.00 cm.  

 The number of stories – 3 x 10
7
. 

 The energies in keV – 10, 15, 20, 30, 40, 50, 60, 70, 80, 100, 150, 200, 300, 500, 1000, 

3000, 6000 e 10000. 

 The cut-off energies – for electrons, 20 keV; for photons, 2 keV. 

 Name of the output files based on the results – M_exp_solo. 
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Fig. 6 shows a fragment of the file expo_13exp.egsinp for the simulation with the energy 10 

keV. 

 

 

 

 
 

Figure 6. Exp_13Exp part of the file with data for the simulation of the energy of 10 

keV. 

 

 

 

The other important input file is the one which brings the cross sections of the organ’s and 

tissue’s materials in the body. This file for the MASH is called CSECT_F20_sta.pegs4dat 

and has not changed in this work. 

 

2.3.3 Simulation using GUI EGSnrc 

 

Fig. 7 displays the contents of the folder containing the MSTA_EXP ECM, with all the files required 

for simulation in C:\HEN_HOUSE\EGS_HOME\MSTA_EXP. 
 

 

 

 
 

Figure 7. MSTA_EXP folder contents. 
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With the file properly customized and allocated, the GUI EGSnrc must be loaded for compilation and 

execution of ECM. Fig. 8 displays the main interface during the execution of the energy of 10 keV. 
 

 
 

 
 

Figure 8. Main window interface EGSnrc during the execution of energy 10 keV. 
 
 

 

In the output 19 files are acquired, from which 18 with results of the simulation of each energy and 
one with a summary by organ of energy, CC and coefficient of variance. Fig. 9 shows a fragment of 

that file to the effective dose in MASH. 

 

 
 

 
 

Figure 9. Summary of the simulated energy x effective dose in the MASH phantom. 
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The CCs x energy graphics shows typical curves which delimit the range of energy in MC simulations 

using gamma radiation. Fig. 10 shows a graphic comparison between the results obtained in the liver 
and thyroid with summarized data partially represented in Fig. 9. 

 

 

 

 
 

Figure 10. CCs of equivalent doses for air KERMA in the liver and thyroid versus 

energy. 

 

 

 
Fig. 11 displays the graphical output for the effective masculine dose. 

 

 

 

 
 

Figure 11. CCs of the effective dose per air KERMA versus energy. 

 

 



INAC 2011, Belo Horizonte, MG, Brazil 

 

 

3. CONCLUSIONS 

 

The current work presented a new method for storing voxel phantoms, based on the technique 

of repeated structures, referred to as SID file, in order to reduce the storage space. ECM has 

also been updated from the MAX/EGS4 for the MSTA_EXP. With this update the new 

phantom has finer resolution and exhibit more sophisticated anatomical structure. The code 

applied was the EGSnrc and the radioactive source’s algorithm has been improved. The 

following summarizes the results and development of this work. 

 

 By converting the file type DATA to the file type SID, was obtained up to approximately 

52% of disk space. 

    

 The version changing of the EGS4 code to EGSnrc code is a recommendation of the 

developers of EGS. 

 

 As shown in Fig. 12, the exchange of MAX by MASH was strongly needed to enhance the 

descriptive geometry of the human body in ECMs. 

 

 

 
Figure 12. Front projection of the phantoms MAX and MASH. 

 

 The source of gamma radiation in the soil has been improved, leading to a reform that can 

be seen graphically in Fig. 4. Now, the method of rejection covers the entire range of the 

variable r. 

 

 The MC Simulation of the MSTA_EXP ECM has shown typical results for the CCs 

between equivalent dose and air KERMA according to the energy present in radiosensitive 

organs and tissues.  

 

 The comparison between the thyroid’s and liver’s graphic (Fig. 10) makes it clear that the 

thyroid absorbs less dose, and there are fluctuations of which variation is approximately 

around 80 keV. This is because the thyroid, a small organ (the thyroid of the MASH has 
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11,129 voxels, while the liver 992,063 voxels), is located farther from the source in 

relation to the liver. 

 

The Fig. 11 shows the results for the effective masculine dose. Researchers interested in 

assessing the effective dose should work according to the method here applied, using, for 

instance, the phantom FASH [3]. 

 

Considering that the phantoms are getting increasingly more sophisticated, due to the study in 

bone dosimetry, and therefore making it necessary to store files increasingly larger, the 

technique presented in this work is valuable for research which deals with voxel phantoms. 

Note also that despite the great development of computers’ storage capability with hard 

drives that reaches terabytes and broadband internet of which speeds of data transmission 

may be measured in MB, it is important to simplify files in order to diminish information size 

without compromising its results. 

 

In future works concerning GDN/CNPq new algorithms shall be tested to solve the same 

problem here approached. The aim is to use algorithms based on the modified Gaussian PDF 

[12] to improve sampling for radial positions near the phantom. 

 

 

ACKNOWLEDGMENTS 

 

The authors thank CNPq, CRCN-NE and IFPE for structural and financial support. 

 

 

REFERENCES 

 

1. W.S. Snyder, M.R. Ford, G.G. Warner, H.L. Fisher, “Estimates of Absorbed Fractions for 

Monoenergetic Photon Sources Uniformly Distributed in Various Organs of a 

Heterogeneous Phantom,” Medical Internal Radiation Dose Commite – Journal Nuclear 

Medicine,10, Pamphlet No. 5 (1969). 

2. R. Kramer, J.W.Vieira, H. J. Khoury, F. R. A. Lima, D. Fuelle, “All about MAX: a male 

adult voxel phantom for Monte Carlo calculations in radiation protection dosimetry,” 

Phys. Med. Biol., 48, pp. 1239-1262 (2003). 

3. V. F. Cassola, V. J. M.Lima, R.Kramer, H. J. Khoury, “FASH and MASH: female and 

male adult human phantoms based on polygon mesh surfaces: I. Development of the 

anatomy,”Phys. Med. Biol., 55, pp. 133-162 (2010). 

4. X-5 Monte Carlo Team, “MCNP — A General Monte Carlo N-ParticleTransportCode, 

Version5,” Los Alamos National Security (2008). 

5. V. Leal Neto, J. W. Vieira, B. Stosic, F. R. de A. Lima, “Desenvolvimento computacional 

de uma fonte radioativa isotrópica no solo utilizando técnicas Monte Carlo de 

amostragem por rejeição”, Primeiro Congresso Americano do IRPA, Acapulco, (2006). 

6. I. Kawrakow, D. W. O. Rogers, “The EGSnrc code system: Monte Carlo simulation of 

electron and photon transport,” Technical Report PIRS-701 National Research Council 

of Canada, Ottawa, Canada (2003). 

7. W. R.Nelson, H. Hirayama, D. W. O.Rogers,“The EGS4 code system,” Report SLAC-

265, Stanford Linear Accelerator Center, Stanford, California (1985). 

8. J. W. Vieira, B. Stosic, F. R. A. Lima, R. Kramer, A. M. Santos, V. J. M. Lima, “Um 

software para editar fantomas de voxels e calcular coeficientes de conversão para a 



INAC 2011, Belo Horizonte, MG, Brazil 

proteção radiológica,”1º Congresso Brasileiro de Proteção Radiológica, Rio de Janeiro 

(2005). 

9. J. W. Vieira, F. R. A. Lima, “A Software to Digital Image Processing to Be Used the 

Voxel Phantom Development,” Cell. Mol. Biol., 55, pp. 16-32 (2009). 

10. J. Sharp, Visual C# 2010 step by step, Microsoft Press, Washington, USA(2010). 

11. M. H. Kalos, P. A. Whitlock, Monte Carlo Methods, Basics: Wiley & Sons, New 

York,USA (1986). 

12. N. L. Johnson, S. Kotz, N. Balakrishanan. ContinuosUnivariate Distributions, John Wiley 

& Sons, New York, USA (1994). 

 


