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ABSTRACT 

 

 
The anthropomorphic models used in computational dosimetry of the ionizing radiation, usually called voxel 

phantom, are produced from image stacks CT (Computed Tomography) or MRI (Magnetic Resonance Imaging) 

obtained from patient or volunteer scaning. These phantoms are the geometry to be radiated in the computing 

arrangements of exposure, using a Monte Carlo code, allowing the estimation of the energy deposited in each voxel 

of the virtual body. From these data collected in the simulation, it is possible to evaluate the average absorbed dose 

in various organs and tissues radiosensitive cataloged by the International Commission on Radiological Protection 

(ICRP). Therefore, a computational model of the exhibition is constituted primarily by the Monte Carlo code to 

simulate the transport, deposition and interaction of radiation and the phantom being irradiated. The construction of 

voxel phantoms requires computer skills like a transformation format of images, compression of 2D images for 3D 

image construction, quantization, resampling and image segmentation, among others. Hardly the computational 

dosimetry researcher finds all these skills into a single software and often this results in a decrease in the pace of 

their research or the use, sometimes inadequate, the alternative tools. This paper presents the VAP3D (Visualization 

and Analisys of Phantoms), a software developed with Qt/VTK with C++, in order to operationalize some of the 

tasks mentioned above. The current version has been based on DIP software (Digital Imaging Processing), 

containing the File menu, Conversions and tools, where the user interacts with the software. 
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1. INTRODUCTION 

 

The numerical dosimetry uses exposure models to estimate the dose absorbed into the body 

exposed to radiation. Some computational models of exposure were developed by Numerical 

Dosimetry Group (GDN/CNPq) for applications in radiation protection (Kramer et al., 2003, 

2004; VIEIRA, 2004). The anthropomorphic simulators used in these and several other works 

were developed from CT images that went through several transformations to constitute  3D 

matrices representing virtual human bodies with radiosensitive masses of the organs and tissues, 

suggested by the report 89 of the ICRP (2003). Many of these transformations were edited using 

the software FANTOMAS (VIEIRA et al., 2005), IDN (VIEIRA et al., 2006) and DIP (VIEIRAa 

and LIMA, 2009).  

The need for a software that integrates tasks such as processing images (slices) that compose the 

phantom, transform images into 3D image stacks, the 3D visualization of the phantom, 

editing/viewing of a given organ and also having the characteristic of being multi-platform 

motivated the VAP3D software development. This software was developed using C++ language, 

and the Qt (JASMIN, 2006) framework (under the LGPL license) for the visual interface and 

class library for visualization VTK (SCHROEDER, 2010), which is in version 5.6.1, for volume 

visualization. The software can also read any type of computer image (DICOM, BMP, JPEG, 

TIF, etc.) and convert to the standard types used in the tasks implemented on it. When the task 

involves only one out image, it is saved in the JPEG (Joint Photographic Experts Group) when it 

involves a stack of images, the out binary file is called SGI (Interactive Graphic Simulations, an 

acronym already used in other publications GDN). The image stacks to be called phantom 

(phantom of the English word neologism) of voxels (volume pixels) or phantom SGI. In this 

paper, the first version of the softwareVAP3D is presented based on menus and menu items, as 

in Figure 1. 

 

  
Figure 1 – VAP3D initial window. 
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This and all figures that illustrate the work were captured on the version of software running on 

the LINUX platform. The figures used to illustrate the examples were obtained from the 

phantom file FASH02 (CASSOLA et al., 2010). 

 
 

2. VAP3D STEP BY STEP 
 

The VAP3D software runs on LINUX and WINDOWS operational systems, because one of the 

goals of the GDN is to have their applications running on multi-platform. 

 

Figure 2 shows the main VAP3D window, displaying the phantom opening dialog from the File 

menu. In this menu item the user can open a stack of images in SGI or RAW format, and in the 

second case (RAW), a dialog box opens, asking the user the following file information: rows, 

columns, slices, origin and offset (starting position in the file where the data should be loaded). 

Yet, in this same menu, the user has the item Save, where several options will be shown to the 

user, for example, save the volume slices in SGI format or RAW. 

 

 
Figure 2 – Dialogue box to open the volume file. 



Lindeval Fernandes de Lima, José Wilson Vieira e Fernando Roberto de Andrade Lima 

2011 International Conference on Mathematics and Computational Methods Applied to  

Nuclear Science and Engineering (M&C 2011), Rio de Janeiro, RJ, Brazil, 2011 

And the Conversões menu allows you to convert an SGI stack in N images in the JPEG format, 

convert a SGI stack into a RAW and vice-versa and also converting a stack SGI into OBJ, as can 

be seen in Figure 3. 

 

 
Figure 3 – Conversões menu item. 

 

 

On the Ferramentas menu item, the user has access to the options Ver fatia em Tabela and 

Editar órgão (see Figure 4), in the first option a dialog box will open, which will show the IDs of 

the current slice, allowing the user to select through mouse click one or more IDs and perform 

operations such as delete, edit, exchange, etc.. 

 

 
Figure 4 – The option Ver Fatia em Tabela  of menu Ferramentas is enabled. 



VAP3D – Visualization and Analysis of Phantons 
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The option Editar órgão, Figure 5, when selected, shows a dialog/view box, where one may 

choose the ID of the organ you want edit/view. Operations such as insertion/deletion of voxels 

will be implemented. 

This three menu entries use a common dialog to open the files. 

 

 
Figure 5 – Main window and the option Editar órgão of menu Ferramentas show the thyroid organ. 

2.1. The main window 

 

In the main window, Figure 6, the user has several options to manipulate the stack of images, 

such as: select the type of view (transverse, coronal or sagittal), select a particular slice through 

the horizontal slide, determine the number of voxels and calculate the volume of a particular 

organ or view the phantom. 

 

In the example shown in Figure 6, the checkbox Ver volume is selected, which enables 3D 

visualization of the phantom in the preview window on the right. In the 3D window the user can 

interact with the mouse, performing operations such as rotation, scaling and translation of the 

phantom. You can extract isosurfaces of volume through the edit box labeled isosuperfície, 

where the user enters the number of the isosurface. 
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                                 Figure 6 – Shows VAP3D main window with the original volume of the phantom. 

 

 

For example, entering the account number 100 and pressing ENTER, you see only the skeleton, 

as shown in Figure 7, because the phantom used in the sample has identifier numbers (IDs) to the 

bones between 100 and 255 (Cassola et al, 2010). You can still save the image of the phantom in 

JPEG format, you just click the button Salvar imagem do volume in the main window, and a 

dialog box Salvar Como will open asking the user the file name. 
 

 

 
Figure 7 – Isosurface extraction shows the isosurface 100. 
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The user can also make the viewing of a particular organ, simply selecting in the combobox 

component the organ by its ID, which it will be shown in the preview window right at the 

bottom, as you can see in Figure 8, where it is shown the heart, whose ID is 99, contained in the 

parallelepiped. 

 

 
Figure 8 – Viewing of the phantom and the organ with Id = 99 (heart). 

 

 

3. CONCLUSIONS  

 

The current version of the software allows editing of voxel phantoms based on three-dimensional 

images using the resources of libraries Qt/VTK in Windows and Linux operational systems. This 

tool, still in its first version, is already being used by the GDN to adjusting different phantoms 

that are being produced by the group. 

 

One of the tasks to be implemented in VAP3D in the short term, will be adjusting the mass of 

organs and insertion of new volumes (e.g., tumors). It is intended, in the medium term, 

implement a scene from the initial state of the computational model, i.e. a 3D environment 

containing the source with the emerging beam, phantom and irradiated region and conditions for 

the user to modify parameters and update the scene. Also in the medium term, there will be a 

graphical and numerical analysis of the results using a model of type MCNP5/Phantom of Voxels, 

since there is already this type of engagement carried out by members of the GDN (Peixoto, 

2008) to phantoms of rats. Now, this study will be done to human phantoms and coupled to the 

program VAP3D. 



Lindeval Fernandes de Lima, José Wilson Vieira e Fernando Roberto de Andrade Lima 

2011 International Conference on Mathematics and Computational Methods Applied to  

Nuclear Science and Engineering (M&C 2011), Rio de Janeiro, RJ, Brazil, 2011 

 

ACKNOWLEDMENTS 

 

 

The authors thank IFPE, CRCN and DEN / UFPE by the computational structure and financial 

support. 

 

 

REFERENCES 

 

 

1. CASSOLA, V. F., LIMA, V. J. DE MELO, KRAMER, R. AND KHOURY, H. J., 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). 

 

2. INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION. ICRP 89, Basic 

anatomical and physiological data for use in radiological protection: reference   values, 

Pergamon Press, Oxford, 2003. 

 

3. JASMIN BLANCHETTE, MARK SUMMERFIELD,  C++ Gui Programming With Qt 4, 

Prentice Hall, United States (2006). 

 

4. KRAMER, R., VIEIRA, J. W., KHOURY, H. J., LIMA, F. R. A. and FUELLE, D. All about 

MAX: A Male Adult voXel phantom for Monte Carlo calculations in the area of radiation 

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

 

5. SCHROEDER, WILL, MARTIN, KEN., LORENSER, BILL. Visualization Toolkit: An 

Object-Oriented Approach to 3D Graphics. 4th Edition, Prentice Hall, United States (2010). 

 

6. VIEIRA, J. W., STOSIC, B., LIMA, F. R. A., KRAMER, R., SANTOS, A. M. e LIMA, V. J. 

M. Um software para editar fantomas de voxels e calcular coeficientes de conversão para a 

proteção radiológica, Primeiro Congresso Brasileiro de Proteção Radiológica, Rio de 

Janeiro, 02 a 05 de novembro, (2005). 

 

7. VIEIRA, J. W. SANTOS, A. M. e LIMA, F. R. A., Tratamento de imagens tomográficas para 

uso em dosimetria numérica, Primeiro Congresso Americano do IRPA, Acapulco, México, 03 

a 08 de setembro de 2006. 

 

8. VIEIRA, J. W., LIMA, F. R. A., Um Software para Processamento de Imagens Digitais Usadas 

na Construção de Fantomas de Voxels. Cellular and Molecular Biology, 55, pp 16-22, (2009). 
 

9. PEIXOTO, P. H. R., VIEIRA, J. W., YORIYAZ, H. AND LIMA, F. R. A., Photon and 

electron absorbed fractions calculated from a new tomographic rat model, Phys. Med. Biol.,  

53, pp. 5343-5355, (2008). 

 


