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ABSTRACT 

 
The anthropomorphic models used in computational dosimetry, also called phantoms, are mostly built from 

stacks of images CT (Computed Tomography) or MRI (Magnetic Resonance Imaging) obtained from scans of 

patients or volunteers. The construction of voxel phantoms requires computational processing for transforming 

image formats, dimensional image compression (2D) to form three-dimensional arrays (3D), quantization, 

resampling, enhancement, restoration and image segmentation, among others. Hardly the computational 

dosimetry researcher finds all these skills into a single software and often it results in a decreased development 

of their research or inadequate use of alternative tools. The need to integrate the various tasks of the original 

digital image processing to obtain an image that can be used in a computational model of exposure led to the 

development of software DIP (Digital Image Processing). This software reads, writes and edits binary files 

containing the 3D matrix corresponding to a stack of cross-sectional images of a given geometry that can be a 

human body or other volume of interest. It can also read any type of computer image and do conversions. When 

the task involves only one output image, it is saved in the JPEG standard Windows.  When it involves a stack of 

images, the binary output file is called SGI (Interactive Graphic Simulations, a symbol already used in other 

publications of the Research Group in Numerical Dosimetry). The following paper presents the third version of 

the DIP software and emphasizes the new tools it implemented. Currently it has the menus Basics, Views, 

Spatial Domain, Frequency Domain, Segmentations and Study. Each menu contains items and subitems with 

features that generally require an image as input and produce an image or an attribute in the output. 

 

 

1. INTRODUCTION 

 

Numeric dosimetry uses exposure models to estimate the absorbed dose in the exposed body 

to the radiation. Some exposure computational models were developed by the GDN (Grupo 

de Pesquisa em Dosimetria Numérica) for applications in radiation protection [1, 2, 3, 4], 

accidents [5], diagnostic radiology [6, 7] and Nuclear Medicine [8]. Anthropomorphic 

simulators used in these and other several papers were developed starting from CT images 

submitted to several transformations until constitute 3-D matrices representing virtual human 
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bodies with the masses of the organs and tissues in risk recommended by ICRP [9]. Many of 

these transformations were edited in FANTOMAS software [10, 11] and also in the first 

version of DIP [12].  

The need to integrate the several processing tasks of the original digital image to obtain an 

image that can be used in the computational model motivated the development of the DIP 

software. This software was developed in C++, using the project template Windows Form 

Application (.NET) of Visual Microsoft Studio .NET 2008 [13], to read, to edit and to write 

binary files containing the 3-D matrix corresponding to a stack of axial images of a given 

geometry that can be a human body or other volume of interest. The software also can read 

any type of computer image (BMP, JPEG, TIF etc.) and to make conversions for the default 

types used in tasks implemented in it. When the task just involves an output image, this is 

save as a JPEG file; when it involves a stack of images, the resulting binary file is 

denominated SGI. To the stacks of images established they are called voxel phantom or SGI-

phantom. 

Often in the course of research conducted by the GDN, is necessary to develop new tools for 

the DIP. These tools are then implemented in software, in order to make it more complete. 

This paper presents, based on menus and menu items, some new software tools developed for 

the resulting DIP in its third version. This version developed in C# in Microsoft Visual 

Studio. NET 2010. 

 

2. METHODOLOGY 

 

The following will presented a brief walkthrough of the DIP software and will be described 

three tools implemented in this release that are on the Estudos menu: Fractais, Prototipagem e 

Fantomas. 

 

1. DIP STEP BY STEP 

 

The DIP software is available for computational dosimetry researchers 

(jose.wilson@uol.com.br) in an installation package (DIPSetup) containing two files: 

DIPInstalador.msi and DotNetFx40_Full_x86_x64. A double click on the file 

DIPInstalador.msi can install the software in a similar way to be used in Windows programs. 

For computers where it is not still installed the .NET Framework, in the end of the 

installation, when the user open the program, an error message appears. He must then double-

click the file DotNetFx40_Full_x86_x64, which contains all the tools needed to run 

applications developed with. NET Framework [14], installs it on his computer to then reopen 

the DIP. After installation, you have is two files: the dip.exe and a *. pdf file with the paper 

reporting the first version of DIP [12]. 

  

1.1. THE ESTUDOS MENU  

 

The Estudos menu contains the newest tools implemented in DIP software due the need 

found in researchs of the GDN. Currently the menu includes items: Dissertações e Teses e 

Micro-Dosimetria Óssea. The tools to be described in this work are Fractais, Prototipagem e 

Fantomas and are in sub-item menu: Dissertações e Teses. 

 

 

1.2. THE FRACTAIS TOOL 
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The Picture 1 shows the main window of DIP with the Estudos menu. 

 

 

 

 

The selected sub-item menu creates a deterministic fractal called Menger Sponge. A 

deterministic fractal is an irregular geometry created from a sequence of interactions. These 

geometries can be used, for example, to build models of trabecular bone to be used in 

microdosimetry bone. To build computationally the Menger Sponge fractal was decided to 

build the 2D fractal called Sierpinski Carpet rectangle whose geometrical construction 

consists of the following iterations: 

 

1. It begins with a square C(0) of side l; 

2. This figure is divided in 9 squares congruent and side l/3; 

3. By removing the central square to obtain C(1); 

4. For each repetition of steps 1, 2 and 3 in each of the remaining eight squares is defined a 

new level of the Sierpinski carpet. 

In the construction we obtain a sequence of sets such that 

     ...210 CCC   
The Sierpinski Carpet rectangle is therefore the intersection of all sets of this sequence, that 

is, the set of points that remain after such construction be repeated endlessly. The following 

figures show the first four iterations. The red squares indicate some of the smaller congruent 

squares used in the construction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 1: Main window of DIP Software. 
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1.3. THE PROTOTIPAGEM TOOL 

 

The Prototipagem tool was designed to extract an organ from a voxel phantom. When 

running this tool the software will require the phantom that to be modify and the Body 

Identification Number (ID) to be extracted. The user must then select the phantom and enter 

the ID value of the organ that he wants to extract. So the extracted organ will be obtained. To 

display the operation of this tool was chose to remove the thyroid of  MASH3 phantom [15] 

(Picture 3) and show the phantom with the organ and the organ extracted separately in Fijji 

free Software. 

 

 

 

 

 

 

 

 

 

  

 

1.4. THE FANTOMAS TOOL 

 

The Phantom tool removes voxels of neighboring structures pre-determined by the user and 

performs the addition of a layer of voxel to an organ or a tissue phantom SGI. The tool, when 

executed, will require the phantom to be modified, the ID of the body to be set and the ID of 

Picture 2: Sierpinski Carpet construction 

Picture 3: Extracting the thyroid of MASH3 
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the layer to be added. As well as (the) IDs of the structures where the software will remove 

voxels to build this layer, the total number of voxels desired the initial and final slice of the 

organ to be adjusted and the number of cycles. 

After all these parameters are filled the tool starts the process of removing voxels neighboring 

structures to add them to the selected organ. This tool is useful, for example, when you want 

to perform dosimetric evaluation in pathological organs that are found with increased volume 

as in prostate cancer or when considering changes in organ size in different individuals. 

To display the operation it was decided to add a layer in the prostate of MASH3 voxel 

phantom (Figure 4 and 5), doubling its volume, and show the skeleton of the prostate 

phantom with normal and with increased volume. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. RESULTS 

 

Will be displayed through Fijji software the three-dimensional images obtained by applying 

the tools described here: Fractais, Prototipagem e Fantomas. 

 

Picture 4: ID of organ that will be fixed (prostate) 

Picture 5: Adding a layer of voxel in MASH3's 

prostate 
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Picture 6: Menger's SGI Sponge 

 

 

 

 

 

 

 

 

 

Picture 7: MASH3's Skeleton with thyroid 

 

 

 

 

 

 

 

 

Picture 8: Thyroid extracted of MASH3 

 

 

 

 

 

 

 

 

 

 Picture 9: MASH3's Skeleton with normal 

prostate 
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4. CONCLUSION 

 

The digital image processing is increasingly being studied by the GDN and all the tools are 

being developed are being implemented in the DIP software making it more robust and 

complete. This software is free and available to all researchers interested in studying this 

area. 
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Picture 10: MASH3's Skeleton with enlarged 

prostate  
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