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ABSTRACT 
 
Exposure Computational Models are composed basically of an anthropomorphic phantom, a Monte Carlo (MC) 
code, and an algorithm simulator of the radioactive source. Tomographic phantoms are developed from medical 
images and must be pre-processed and segmented before being coupled to a MC code (which simulates the 
interaction of radiation with matter). This work presents a methodology used for treatment of micro-CT images 
stack of a femur, obtained from a 30 year old female skeleton provided by the Imaging Laboratory for 
Anthropology of the University of Bristol, UK. These images contain resolution of 60 micrometers and from 
these a block containing only 160x60x160 pixels of trabecular tissues and bone marrow was cut and saved as 
*.sgi file (header + *.raw file). The Grupo de Dosimetria Numérica (Recife-PE, Brazil) developed a software 
named Digital Image Processing (DIP), in which a method for segmentation based on a physical model for 
particle interaction known as Potts Model (or q-Ising) was implemented. This model analyzes the statistical 
dependence between sites in a network. In Potts Model, when the values of spin variables at neighboring sites 
are identical, it is assigned an "energy of interaction" between them. Otherwise, it is said that the sites do not 
interact. Making an analogy between network sites and the pixels of a digital image and, moreover, between the 
spins variables and the intensity of the grayscale, it was possible to apply this model to obtain texture 
descriptors and segment the image. 
 
KEYWORDS: Exposure Computational Model, Monte Carlo, Trabecular Bones, Micro-CT, Potts Model. 
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1. INTRODUCTION 
 
One of the main problems faced by researchers of numerical dosimetry from ionizing 
radiations is to achieve anthropomorphic simulators (phantom) to simulate a human body 
irradiated [1]. The voxel phantoms are developed from stacks of medical images obtained 
from patients or volunteers submitted to Computed Tomography (CT) or Magnetic 
Resonance (MR) examinations. As may be expected, the medical images are not coupled to 
the codes which simulate the radiation transport and interaction with matter in the same way 
that devices for image acquisition are obtained, so they must be transformed [2].  
 
The digital image processing techniques (or filters) are commonly used in the transformations 
reducing noise inherent in the process of acquisition, correcting defects arising from the 
equipment calibration, increasing contrasts among represented regions of the human body, 
detecting borders between organs and tissues of interest and additionally segmenting and 
classifying each organ or tissue in the virtual body that can be critical to the simulated 
problem [3]. 
 
Since 2007, the Grupo de Dosimetria Numérica (GDN) is using the C# programming 
language in the integrated development environment of the Microsoft Visual Studio [4] to 
improve implementations in the software Digital Image Processing (DIP) [2] which currently 
owns several techniques of digital image processing (organized in menus) useful for students 
and researchers.  
 
In this paper we present the step-by-step of a method for image segmentation based on the 
Potts Model. For this we will use a micro-CT image stack of trabecular bones of the femur 
region from a 30 year old adult woman. These images already had been processed by the 
GDN using other methods, mainly the ones based on the concepts of discrete integral and 
derivative. 
 

2. MATERIALS AND METHODS 
 

2.1. Materials 
 
The needed materials for the development of this study were softwares and hardwares 
available in the Laboratório de Dosimetria Numérica which belongs to Instituto Federal de 
Educação, Ciência e Tecnologia de Pernambuco (IFPE - Campus Recife). The used 
computers have the main configuration items as: Intel Core i7 X990 @ 3,47 GHz processor, 
memory (RAM) 24 GB installed and Windows 7 operating system 64-bit Ultimate. The main 
softwares and embedded technologies used were: Microsoft Visual Studio Ultimate 2013, 
Microsoft Office 2010 (Word and Excel) and DIP software. 
 
For researchers, the DIP software can be found in a file called DIP_Instalador.msi, available 
in this address http://dosimetrianumerica.org/softwares. The software installation can be done 
by double clicking on this file, as usually it is carried in Windows programs. After 
installation, there are two files (among others): the dip.exe and a *.pdf file type with a paper 
presenting the DIP in a tutorial format [2]. 
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It is important to emphasize that although the DIP is originally developed on the Windows 
platform, the software can be run on other platforms (Linux, Mac OS, etc.) by means of the 
use of virtual machines [5]. 
 

2.2. Methods 
 
For the development of this work a set of micro-CT images of trabecular bone from the femur 
region was initially acquired. Afterwards, cutting tools were used and images were 
manipulated in order to prepare a stack that could be segmented and processed using an 
method for image processing (implemented by the GDN) which is based on a model coming 
from statistical physics called Potts model. 
 
Additionally, non-linear median filters were used in order to reduce noise in the constructed 
image stack. Finally, we used a tool exclusively developed and implemented for this study to 
adjust the number of voxels (identified as trabecular bone) contained in the stack by means of 
Monte Carlo techniques for the percentage value contained in ICRP Publication 70 [6]. 
Following, the steps above summarized are presented. 
 
 
2.2.1. Preparing the images stack using the DIP software 
 
In the Figure 1 is shown the main window of the DIP software. The highlighted submenu in 
the picture converts N images with the same dimension in a standard stack resulting in a 
binary file with *.sgi format [2] (correspondent to * .raw format). To convert a set of 160 
images (appropriately chosen) among those provided by Imaging Laboratory for 
Anthropology of the University of Bristol, the Femur160.sgi file was used. This file contains 
160 slices with 160 x 60 pixels of the femoral region of a 30 year old woman. 
 

 
 

Figure 1: Main window of the DIP software with the Fundamentos menu highlighted. 
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After, a sample from the Femur160.sgi stack was removed using an existing tool in DIP 
software which cuts a volume from an images stack. The objective of this procedure is to 
remove the background region and get a stack of images only composed of trabecular tissue 
and bone marrow, as you can see in Figure 2.  
 

 
 
Figure 2: The slice 80 of the Femur160.sgi stack containing two regions: background (a), trabecular bone 

and marrow bone (b). The coordinates used to remove the sample of Femur160.sgi are shown on the 
upper-right corner (red arrow). 

 
 
With the cuts tool we can insert the location (x, y, z) and dimensions (columns (Colunas), 
lines (Linhas) and slices (Fatias)) of the volume to be cut. The dimensions chosen were 160, 
60 and 160 for columns, lines and slices, respectively, generating the AmostraFemur160.sgi 
file as shown in Figure 3. This is the input image stack used in this work. 
 

 
Figure 3: Main window of the DIP software with the Cortes menu highlighted. A dialog box shows how 
the data was inserted for Columns, Lines and Slices respectively, to cut samples on the Fêmur160.sgi. 

(a) (b) 
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After generating the stack, it was possible to visualize slice by slice using the DIP and in 3D 
using the Fiji software (http://fiji.sc/Fiji), which can be obtained for some platforms as 
Windows, OS X and Linux. In the Figure 4 is shown the file named AmostraFemur160.sgi, 
viwed using the Fiji software. 
 

 
Figure 4: 3D View of the file AmostraFemur160.sgi. 

 
 
2.2.2. Use of the q-Ising 3D menu for images stacks processing 
 
The implemented method in DIP software is based on a model for particle interactions known 
in statistical physics as Potts model (or q-Ising). Basically, an analogy in which pixels in a 
digital image are treated as sites on a network was used and the intensity of each shade of 
gray is modeled as spin variable of a particle located at this site [7]. 
 
Q-Ising is a model of local interaction and, therefore, only considers the relationship between 
each site and its nearest neighbors. In this work may be considered or 4 neighbors (2 laterals, 
1 top and 1 bottom) or 8 neighbors (including the neighbors of the diagonals). The 
segmentation by this method initially consists in using a shade of gray as a threshold to 
separate the pixels into two regions: Bright and Dark. In addition, it is classified the n-th pixel 
whose neighbors pixels have the same shade of gray as Smooth Pixel. If a single neighbor site 
has a pixel with different shade of gray, it is ranked the n-th pixel as Rough Pixel. Thus, the 
method classifies the pixels into four classes (Figure 5): Dark and smooth (Id = 0), Dark and 
Rough (Id = 63), Bright and Smooth (Id = 255), Bright and Rough (Id = 191). 
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Figure 5: Description of the set of categories used in this work. Inside each square there is an identifier 

number (Id) which represents the intensities and textures. 
 
To segment the image stack in q-Ising menu of the DIP software, first it is necessary to study 
one of its slices viewing its grayscale profile. There is a submenu on the visualizations menu 
which lets you choose a row or column of an image to graphically analyze its grayscale 
profile. Usually one region that includes a wide variety of shades of gray contained in the 
image is chosen. This procedure helps in choosing a shade of gray threshold for image 
segmentation. In Figure 6 the grayscale profile of the 161st line of the 80th slice of the 
AmostraFemur160.sgi stack is shown. 
 

 
 

Figure 6: Grayscale profile of the 161st line of the 80th slice of the AmostraFemur160.sgi file. 

	  

0 255 

191 63 
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We can visualize graphically the trabecular bone region that we want to separate is 
represented by the highest peaks. In this manner the threshold divides the image into two 
regions, in a way that the region above the threshold is classified as "bright" and classified as 
below as "dark". 
 
The implemented methodology to segment 3D image stacks with q-Ising menu uses 2D 
segmentation as Background. The process begins by analyzing the neighbors of each pixel 
considering its position in each of the anatomical planes (sagittal, coronal and transverse). 
Thus, it is necessary to work with all three possibilities of value for the analyzed pixel (one 
on each plane) and select a tendency measurement (maximum, average, median, minimum, 
mode) so that the value of the output pixel can be unique (see Figure 7). 
 

 
Figure 7: Main window of the DIP software with the Segmentações menu highlighted. A dialog box shows 

the options implemented in DIP for choosing the tendency measurement which unifies the value of the 
output pixel. 

 
When it is known a priori that the analyzed images have few regions (less than four) it is 
necessary to correct the initial classification that the method of q-Ising performs. In this work 
manipulated images were used with objective of obtain two regions (trabecular tissue and 
bone marrow) in the output image. Thus, we used a previously implemented menu in the DIP 
which exchanges an old vector of Ids into a new Id. The result of this change can be shown in 
the Figure 8. 
 

 
 
 
Figure 8: 80th slice of the image stack. In (a) there are 3 regions just after the q-Ising segmentation; In (b) 

there are 2 regions after changing the Id 63 into 0 and the Id 191 into 255. 
 
 

(a) (b) 
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2.2.3. Noise reduction and smoothing at the segmented stack 
 
In the process of medical image segmentation dedicate some stage for the noise treatment is 
almost always necessary. It may come from some limitation of the acquisition equipment or it 
may be intrinsic of the physical phenomenon involved. For this work, a method which 
reduces noise by means of a median filter and at the same time adjusts the voxel number of a 
given Id to a desired value was implemented. This tool can be found in the submenu named 
Ajuste de Nº de Voxels Usando Técnicas Monte Carlo, as shown in Figure 9. 
 

 
 

Figure 9: Main window of the DIP software with the Estudos menu highlighted. 
 

 
This method begins with the median of 3D filter where the size of the filter should be 
informed by the user. After this step, it is automatically initiated a search for small "isolated" 
volumes inside the stack. The word "isolated" here means that these voxels must have 
different Ids of all neighbors (this is a common feature of noises) and therefore, they are 
being eliminated (from smallest to largest) until it reaches the desired percentage of this 
particular Id in the images stack. This search for small volumes is done randomly inside the 
stack to does not generate an artificial anomaly on the images.  
 

 
 
 

Figure 10: 80th slice of the image stack. In (a) is shown the result after using median filter dimensions 1, 1, 
1 and in (b) after the median filter dimensions 5, 5, 5. 

 

(a) (b) 
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3. RESULTS AND DISCUSSION 
 
With the implementation of the new menus on the DIP software described in the previous 
section ("q-Isnig 3D" and "Clearing Small Volumes and Prioritizing Voxels Isolated"), it was 
possible to perform the complete segmentation of a micro-CT images stack from the femur 
region. 
 
After generating the stack the segmentation method q-Ising was used with CT number (nct) 
32 as a threshold and with number of neighbors equal to 4 in each anatomical plane, as shown 
in Figure 11a. This is equivalent to compare each pixel with 12 other neighbors and only 
consider it smooth if all of them can have the same Id. The alternative option (8 for each 
anatomical plane) would make it difficult even more the appearance of smooth pixels.  
 
It was observed that even for the smallest number of neighbors, any pixels of this stack was 
classified as smooth. The next step is to exchange (across the stack) the Id 191 into 255 
(trabecular bone) and Id 63 into 0 (bone marrow). The result can be shown in the Figure 11b. 
 

            
 
 

Figure 11: In (a) is shown an image stack segmented with q-Ising menu using nct = 32 as threshold, 
neighborhood = 4 and Tendency Measure = mode; In (b) is shown an image after changing the Ids 63 and 

191 into 0 and 255. 
 
 

The last step to complete the images stack segmentation is to use the method of setting the 
number of voxels. For this, in order to make the segmented stack according to the data 
reported by ICRP Publication No 70 it was necessary the percentage adjustment of the 
trabecular tissue (ID = 255) into 15%. Because the size of our stack are 160 x 60 x 160 
(=1,536,000 pixels) the total number of pixels with Id = 255 needs to be 230400. For this, the 
Monte Carlo technique needed to remove some bone volume because the stack before this 
step had 505 096 pixels, approximately 33%. 
 

(a) (b) 
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Figure 12: Micro-CT images stack of trabecular bone from femoral region which was segmented with 
15% of trabecular tissue according ICRP’s data. 

 
 
4. CONCLUSIONS  
 
The method based on q-Ising model and the method for adjustment of the number of voxels 
using Monte Carlo techniques (both implemented on the DIP software) were effective in 
segmenting micro-CT images of trabecular tissue when used together as shown in the Figure 
12. Such tools are important for the GDN in the development and improvement of Exposure 
Computational Models. The blocks of segmented images in this work will be converted into 
text files read by EGSnrc (Monte Carlo code which simulates the interaction of radiation with 
matter) in order to perform dosimetric evaluations. 
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