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Abstract.  The aim of the proposed system is to give the 
students a flexible, realistic, and interactive learning 
environment to study the physical limit of different pos-
tures and various imaging procedures. The suggested 
system will also familiarize the students with various 
imaging modalities, the anatomical structures that are 
observable under different X-ray tube settings and the 
quality of the resulting image. Current teaching practice 
for radiological sciences student asks students to simu-
late the imaging procedure in role plays – a student to be 
a patient and the other as the radiologist. Other ways 
include the use of physical phantom with bone and soft 
tissue equivalent material but still the use of X-ray have 
to be used with all the requirement of such examination 
to be in place, e.g., room shielding, lead apron, and other 
radiation protection procedure. The proposed system 
has several physical components and virtual compo-
nents. Students manipulate the mannequin into the 
model of the imaging modality and in a posture suitable 
for the purpose of the imaging study. The virtual compo-
nents of our simulation system include a posture inter-
face, a computational phantom generator, and a physics 
simulator. The synthetic image will be produced and 
conform to the Digital Imaging and Communications in 
Medicine standard so that it can be stored, retrieved, and 
displayed in a standard picture archiving and communi-
cation system that hospitals use. 

Introduction



 Alghamdi   Simulation System for Radiology Education: Integration of Physical and Virtual Realities 

 18 SNE 25(1) – 4/2015 

EN

1 Motion Tracking 

2 Mannequins 

3 Synthetic Radiography 
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Figure 2: Data flow diagram of the proposed interactive simulation system. 
The reference phantom is generated only once for the  
corresponding mannequin, but it starting point for creating the 
postured phantom. 

4 System Design 

Figure 1: Schematic drawing of the proposed interactive 
simulation system. The mannequin and the  
imaging modality model are the physical  
components of the system. The data from these 
components are fed into the virtual parts that  
carry out the simulations with a computational 
phantom. The simulated images can be stored, 
displayed, and analyzed with picture archiving 
and communication system. 
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4.1 Mannequin 

4.2 Imaging modality model interface 

Posture interface.

Computational phantom generator.
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Figure 3: A voxel phantom (left) created from a  
computed tomography image (right). Each  
tissue is labeled by a number (tissue ID) after 
segmentation. In this coronal cross section of 
the phantom, the tissue IDs are plotted in  
different colors. There are about 100 identified 
tissues or organs in the phantom; only a few of 
them are shown here for illustration. 

Creation of the built-in reference phantom.

Figure 4: Mesh representation of the lungs (left) and the 
liver (right). 

Generation of the posture phantom.

Major software graphic user interface modules.
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Figure 5: The Monte Carlo process to track one virtual X-ray photon. The process 
is repeated as many times as necessary to synthesize the image. It is 
important to note that the virtual photons must be independent of 
each other, that is, the sequence of random number in the sampling 
of the probability distributions cannot repeat itself in the simulation.

5 Physics Simulator 
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Figure 6: Synthetic X-ray images of the wrist of a  
low-resolution voxel phantom [36] and upper 
torso from the voxel phantom shown in  
Figure 3. 

6 Discussion 
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7 Conclusion 
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