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ABSTRACT
There are, nowadays, sorts of antropomorphycal phantoms which are used for simulation of radiation
transport by the matter and also the deposition of energy in such radiation in human tissues and organs,
because an in-vitro dosimetry becomes very either complicated or even impossible in some cases. In
the present work we prepared a computational phantom in voxels based on computational tomography
of Rando-Alderson. This phantom is one of the most known human body simulators on the scope of
ionizing radiation dosimetry, and it is used for radioprotection issues and dosimetry from radiotherapy
and brachytherapy treatments as well. The preparation of a voxel simulator starts with the image
acquisition by a tomographer found at COI/RJ (Clínicas Oncológicas Integradas). The images were
generated with 1mm cuts and collected for analysis. After that step the images were processed in
SAPDI (Sistema Automatizado de Processamento Digital de Imagem) in order to amplify the images’
regions intending to facilitate the task in their segmentation. SAPDI is based on parameters described
by Hounsfield scale. After that, it has begun discretization of elements in IDs voxels using
Scan2MCNP software – which converts images to a sequential text file containing the voxels’ IDs
ready to be introduced into MCNPX input; however, this set can be turned to a voxel’s IDs matrix and
used in other Monte Carlo codes, such as Geant4, PENELOPE and EGSnrc. Finished this step, the
simulator is able to simulate with accurate geometry the physical phantom. It’s possible to study a large
number of cases by computational techniques of geometry’s insertions of tumors and TLDs, which
makes this simulator a research material utile for a lot of subjects.

1. INTRODUCTION
Due to the difficulty to perform dosimetrical measurements in a direct way inside the human
body (in vivo) and most of the deterministic calculations are restricted to superficial tissues
and organs, the use of human body simulators becomes a need and it’s more present on
dosimetry professional’s daily basis. The geometry and compositions of such simulators start

from ordinary containers filled by water to the more elaborated ones. These experimental
arrangements formed by a human (or by a part of it) body simulators are called “fantomas”, a
Portuguese neologism of the English word “phantoms”. This work develops a detailed
Alderson Rando [1] voxel simulator, which starts with the analysis of images which were
produced by tomograph, during Digital Image Processing techniques and resources and
segmentation methods as well. With those processed images and their well-defined
information, the conversion of such DICOM images set will generate an input file with
excellent information quality in its lattice structure, which makes it able to perform casestudy-simulations in MCNPX and other Monte Carlo codes with the appropriate
customization in a good accuracy. These processed images are converted with excellent
information quality in their lattice structure, being able to perform studies of case’s
simulations using MCNPX code and others Monte Carlo ones, with the required adaptations
with great accuracy.

2. DICOM IMAGES ACQUISITION
2.1. Alderson Rando Phantom
Among the avaiable antropomorphical phantoms, Alderson Rando Phantom (Figure 1) is the
most known and universally accepted as a good option in order to simulate human body. It’s
formed by a skeleton involved by rubber similar chemically and physically to soft tissue, and
it’s built by 8.8% of hydrogen, 66.8% of carbon, 3.1% of nitrogen and 21.1% of oxygen, with
density about 1.00 g.cm-3. The lung tissue is built by 5.7 of hydrogen, 74.0% of carbon, 2.0%
of nitrogen and 18.1% of oxygen, with density about 0.320 g.cm-3. The phantom’s
compositions of tissues are described on Table 1. The torso and the head are structured in 3.5
cross sections with 2.5 cm each, having a total of 1100 cylindrical orifices with 6.0 mm
diameter, which are appropriated to place TLD dosimeters [2].

Figure 1. Alderson Rando Antropomorphical
Phantom.
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Table 1. Alderson Rando phantom’s tissues composition
Alderson Rando phantom’s tissues composition (%)
Element

Lung

Muscle

Skeleton

H

5.74

8.87

3.4

C

73.94

66.81

15.5

N

2.01

3.10

4.2

O

18.4

21.13

43.5

Na

0.1

Mg

0.2

P

10.3

S

0.3

Ca

22.5

Sb

0.16

0.08

Density (g/cm3)

0.32

1.00

1.92

2.2. Tomographical Images
Alderson Rando phantom’s tomographical images acquisiton were performed in a Siemens’
Emotion Duo tomography which belongs to COI/RJ (Clínicas Oncológicas Integradas). The
images acquisition was programmed intended to a sequential cut with 1 mm and images
generation with 512 X 512 pixels captions. With 649 generated slices in international
standard DICOM images version 3.0 [3], these images were treated in the whole
computational process in a IBM Personal Computer, with Windows Platform, Intel I7 2600K
(2nd generation), 16 Gb RAM and GTX-460 graphic card. DICOM format, a monogram of
Digital Imaging Communications in Medicine, is the set of policies for medical information’s
treatment, storage and transmission in an electronic format, structuring a protocol.

3. COMPUTATIONAL PROCESS
3.1. DICOM images’ analysis and visualization
Computational process begins with the verification of 649 DICOM images, which were
generated by tomograph in order to confirm whether the acquisition process was correct. This
task was performed manually, and Brazilian Open Source software called Invesallius 3.0 [4]
was used. InVesalius is open source software developed for health area intending to help in
diagnoses and surgical planning. From 2D images which were obtained by either CT or MRI
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equipment, the program allows the creation of 3D virtual models which correspond to the
anatomical structures of patients in medical care. This program was developed by former
CenPRA (currently CTI – Centro de Tecnologia da Informação Renato Archer – unit of
Science and Technology Ministry) by Python and C++ programming languages. Figure 2
shows loaded DICOM images from Alderson Rando phantom forming a 3D virtual model in
two perspectives.

Perspective 1

Perspective 2

Figure 2. InVesalius Software and the loaded 3D
virtual model of Alderson Rando Phantom.
Perspective 1 – Tissues and Bones. Perspective 2 –
Bones.
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3.2. Segmentation Process
Before performing the conversion of the DICOM images’ set which forms Alderson Rando
phantom to a MCNPX input file [5], it’s necessary to use digital processing techniques in all
of the slices in order to improve the quality of the information and, consequently,
interpretation of computational information from MCNPX simulation code. The first step is
the processing of phantom’s slices in SAPDI (Sistema Automatizado de Processamento
Digital de Imagem) computational system, intending to emphasize image regions for a better
progress in the segmentation process [2]. One of the parameters which this system is based on
is the Godfrey N. Hounsfield contrast scales. The next step is the segmentation process of
each DICOM image. In such task, the condition and information in the images are effectively
determined in order to make possible for MCNP code to proceed correct interpretation of the
information and giving in return trustable and accurate results in simulation.
The segmentation techniques in digital image process area means to distinct the placed
information in these images; in other words, to separate objects of interest contained in an
image, isolating amounts of pixels which belongs to each object [6]. The image segmentation
is a previous stage of the processing for recognizing and analysis. Figure 3 illustrates the
segmentation process being performed in image editing software CS3 Adobe Photoshop [7].

Figure 3. DICOM image segmentation process.

3.3. Scan2MCNP conversion Software
Scan2MCNP software [8] manipulates processes and converts the images which were
generated by either CT or MRI equipment to a MCNPX input file. The software performs the
selection of the image’s area, using IDs to identify image’s regions, having options of input
file format’s parameterization which is desirable to be generated, exporting directly to
graphic codifications Sabrina and Moritz, for visualization. In all of 649 Alderson Rando
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phantom’s DICOM images the IDs (partition boundaries) were applied in order to identify
soft tissues, skeleton and lungs, beside the air which is present in the vicinity of the images.
Other parameterizations are made, such as: contrast equalization resource, using of rail
system for analysis of border effect from the transition of a material to another, the choice of
the input file’s format to be generated: lattice or cells, using the option of edge material for
distinction of external material (air) relating to phantom, the crop settings from image’s area,
and also it’s possible to choice the generation of surface plains, either coincident or not.
There are other parameterizations which can be applied in function of the desirable input file
to be generated. Figure 4 illustrates the Scan2MCNP software in process, using the “partition
boundaries” resource for IDs applications.

Figure 4. Software Scan2MCNP during the ID’s
application process.
After all the pertinent parameterizations were performed, the next step is the conversion of
DICOM images set to MCNP input files. For such conversion, the window containing the
images is selected and then the option “Preview MCNP”, which generates a window with the
previous input file for verification, is chosen. After the verification of the previous input file,
it is saved.

3.4. Voxel Phantom
Scan2MCNP software converts the DICOM images set into computational phantoms based
on voxels, also called voxel-phantoms. In order to obtaining a higher quality computational
information, and consequently a good performance in the simulation code MCNP, the images
were processed and worked with 512 X 512 pixel matrices (high resolution), obtaining in that
way, a population about millions of voxels. With such amount of voxels, inherent problems
to the border effects which are common in the materials transition, decreases severely. With
the geometry information’s well defined, simulations involving dosimetry gave back much
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more accurate results, providing better image parameters. Figure 5a shows an image with a
population about 105 voxels and Figure 5b shows another image with a population about 107
voxels.

(a)

(b)

Figure 5. (a) Image with 105 voxels. (b) Image with
107 voxels.

3.5. Input file
After performing the conversion of the DICOM images set into input files, all the information
were checked in order to verify if they are according to the specifications of Scan2MCNP.
There are in the generated input file the geometry, the densities, the chemical composition,
the big box and voxel plains, beside the universe dimensions (scenario) where the simulation
process will happen. The generated input file have the following characterization: voxel’s
size: 1.43 mm3, voxel population: 75,232,080, materials: 4, file size: 168,247 Kb. It’s
possible to use the lattice structure (no compress) in other MC codes, such as Geant4,
PENELOPE and EGGnrc. Figure 6 shows parts of input files with geometry’s dimensions.

Figure 6. Input file parts about voxel’s population
and voxel and big box plans.
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3.6. Moritz Geometry Tool
The Moritz Geometry Tool [9] allows the visualization of input files which were generated by
Scan2MCNP software. This program has a resource which allows the navigation in a graphic
area (inside the image) and performing all of the pertinent and consideration and analysis.
The Alderson Rando’s generated input file has a population about millions of voxels well
defined in the IDs processing and, consequently, a better quality in computational
information. Figure 7 shows Moritz in process and the respective input file being
manipulated.

Figure 7. Visualization of Alderson
phantom’s input file (geometry).
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Rando

4. CONCLUSIONS
This work was about the studies and advances in voxel phantom’s generation images
techniques by the use of resources from medical and planning visualization software’s to the
application of digital processing tools intending to improve the image’s information. In this
way, the input file will have accurate information of the voxels that will provide an excellent
case in the simulation code MCNPX, and other Monte Carlo codes with appropriate
adaptations. In this input file, which was generated from Alderson Rando phantom, the
determination of the working material (649 slices, 512 X 512 pixel caption field) was crucial
to generate a lattice structure with details which describes the phantom minutely. In
consequence, the future works about dosimetrical simulation tend to show results with great
accuracy.
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