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Abstract:  Significant efforts within the field 
of radiation oncology have recently been 
centered on the ability to automatically detect 
lung tumors in a breathing patient in real-time 
during radiation treatment using digital x-ray 
technology and image processing.  The 
motivation of such a goal is to improve radiation 
treatments, possibly leading to an increase in 
survival rates. 

The ultimate goal of this research is to 
perform testing of a semi-automatic lung tumor 
detection algorithm using computed tomography 
(CT) scans of the chest phantom to be made.  
The chest phantom will be constructed using an 
algorithm responsible for producing binary 
images containing the heart, diaphragm, major 
blood vessels and connective tissue from actual 
patient CT scans. 

Given a series of chest CT scans, contours 
are formed around the inner-boundary of the 
chest cavity to contain the aforementioned 
tissues and organs of interest.  Each contour is 
constructed by assuming that energy is stored in 
the components between the discrete points 
which make up the contour.  By simultaneously 
minimizing the potential energy to avoid any 
distortion of the contour, and locating the local 
maxima of the contrast gradient, the contour is 
optimized to closely fit the inner-boundary of the 
chest cavity.  

After the contours are produced for each 
individual scan, the original chest CT scans in 
combination with the contours undergo 
morphological operations to eventually produce 
a three-dimensional image to be used by Kodak 
to fabricate a realistic chest phantom.   

 
INTRODUCTION 

 
Significant efforts within the field of 

radiation oncology have recently been centered 

on the ability to automatically detect lung tumors 
in a breathing patient in real-time during 
radiation treatment using digital x-ray 
technology and image processing.  The major 
challenges to such goals are the delocalization of 
the lung nodules during both expiration and 
inspiration.  This delocalization often appears 
within the computed tomography images 
resulting in blurs and distortions.  In addition to 
the difficulties surrounding the ability to 
precisely pinpoint the location of lung tumors, 
other complexities surface as a result of the lack 
of inherent contrast in x-ray computed 
tomography.  Without contrast in the images, 
different morphological operations to be 
performed on the images do not yield the desired 
outputs. 

In an attempt to overcome the 
aforementioned obstacles, we propose a method 
to construct a chest phantom using actual patient 
computed tomography scans.  With the use of 
actual patient data, we hope to create a realistic 
chest phantom to be used to test a semi-
automatic lung tumor detection algorithm which 
is currently being developed by Kodak. 

The chest phantom to be produced will be an 
improvement to the existing phantom which 
lacks human anatomical detail (Fig. 1).  The 
existing phantom is made up of seven uniformly 
sized aluminum ellipses to represent the rib cage, 
a metallic rod representing the vertebrae and a 
plastic model heart placed within the center of 
the ellipsoid.  Initially, the algorithm has 
demonstrating its effectiveness in detecting 
randomly placed tumors.  However, its efficacy 
may be contributed somewhat to because the 
lack of soft tissues that are found within the 
thoracic region of a human, and the absence of 
obstructions produced by the blood vessels.  

 
 



 
 
Figure 1.   The x-ray computed tomography images of 
the existing phantom.  The chest cavity is shaped as an 
ideal ellipse containing a heart and various nodules 
scattered throughout which are represented by the 
small spheres in each of the above images. 
 

MATERIALS 
 

Contour  L ine Production. The contour lines 
were constructed using Image J, a freeware 
program developed to analyze and process 
images.  A plug-in to Image J was used to create 
and optimize the contour lines.  This plug-in was 
developed by Dr. Walter O’Dell. 

Image Processing. The image processing 
was performed using the built-in functions of the 
MATLAB Student Version Image Processing 
Toolbox. 

Patient Data.  The patient data used has a 
resolution of 1.6678 pixels per mm and a slice 
thickness of 2.0 mm.  These intensity images are 
512 by 512 pixel dicom images (Fig. 2). 

 

 
 

Figure 2.   Examples of the patient data used to 
construct the contour curves.  Each image, beginning 
from the top left to the bottom right, is a horizontal 
slice of the thoracic region traversing the body 
vertically from top to bottom. 

 

 
 

METHODS 
 
 Initially, the procedure for the segmentation 

was to be fully automatic.  However, the user 
encountered several major challenges, which 
were overcome by including user input, thus a 
semi-automatic algorithm was used to perform 
the segmentation. 

The automatic segmentation algorithm was 
intended to use the ribs as a guide to form the 
ellipsoidal contour around the lungs.  There 
would need to be some interpolation performed 
within the connective tissue between the heart 
and chest wall since there are no bone structures 
present towards the lower part of the thoracic 
region.  In addition, the vertebrae would have to 
be subtracted from each image as well. 

One challenge that impeded the success of 
the formation of the contour lines was the 
inability to find an appropriate threshold that 
would allow the retention of the entire heart.  
Since the pacemaker of the patient was perceived 
at similar densities as the bone structures to the 
x-rays, the images render the pacemaker and the 
bone structures at similar intensities.  Therefore, 
a reasonable threshold could not be set that 
would result in keeping the heart in its entirety 
and subtracting the bone structures 
simultaneously. 

Contour  line production.  Constructing the 
contour lines in a semi-automatic manner 
allowed the user to compensate for the 
peculiarities of each image.  The user could 
manually determine the size and shape necessary 
to encompass of the tissues and anatomical 
features of interest without losing any 
information due to thresholding. 

The contour lines were formed using an 
Image J software plug-in.  The algorithm used to 
create the contour lines took into consideration 
the local potential energies and the local contrast 
gradient at each user-defined point.  Considering 
the local potential energies restricted the 
distortion of each contour line.  In addition, the 
local maxima of the contrast gradient were 
located to find the inner-boundary of the chest 
wall.  This method for locating the inner-
boundary of the chest wall is effective because 
there is an abrupt change in intensity level 
between the lung and the chest wall since the 
lung is predominantly comprised of air.  For 
interpolation between the user-defined points 
along the chest wall, the algorithm employs a 
smooth cubic Hermit. 



Image Processing.  Each CT scan was read 
and converted to a binary image using a user-
defined threshold that would retain the heart, the 
diaphragm, the bone structures, the major blood 
vessels and the connective tissues.  With the 
contour coordinates plotted and interpolation 
complete, a binary mask was created (Fig. 3).   
The mask would be produced using an image 
flood fill function, and taking the complement of 
that image.  This would result in white masks the 
shape of the chest cavity, with black 
backgrounds.  This mask would serve as an 
outline of the chest cavity for each scan.  By 
multiplying the binary mask and the binary 
image resulting from thresholding, only the 
anatomical structures within the inner-boundary 
of the chest wall would be retained (Fig. 4). 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
Figure 3.  Examples of binary images of the contour 
points after interpolation by MATLAB.  Each image is 
an individualized outline of the inner chest wall for 
each scan. 
 

 
 
Figure 4.  Examples of binary images resulting from 
the multiplication of the threshold images and the 
binary masks.  Each image is an individualized outline 
of the inner chest wall for each scan. 
 

 
 

RESULTS 
 

The resulting image stack constructed using 
the semi-automatic segmentation algorithm 
produces images satisfying the following 
specifications; the images should retain the heart, 
the diaphragm, the connective tissues and the 
major blood vessels within the chest cavity. 

Many of the images do not appear smooth 
despite undergoing a smoothing algorithm 
written in MATLAB to round edges.  The 
roughness of each image most likely results from 
the construction of the contour lines.  Given 
more user-defined points, the interpolation 
performed in MATLAB may have produced 
smoother curves. 

Moreover, there are resulting images where 
the chest wall was not entirely eroded.  These 
images occur in the lower thoracic region and the 
consequence is apparent in the three-dimensional 
rendering of the image stack (Fig. 5).  Again, 
with more user-defined points with which to 
base the interpolation, the inner-boundary may 
have been outlined more precisely. 

 
 
 
 
 
 
 
 
 
 

Figure 5.  Three-dimensional rendering of the image 
stack.  The first image is a view from the right lung 
and the second image is a view from the left lung.  
Remnants of the chest wall can be seen along the 
outside of the diaphragm and floating objects can be 
seen in the upper portion of the rendering. 
 

Further, there are objects which are 
suspended in the three-dimensional rendering of 
the image stack (Fig. 5).  These small objects, 
however, will not pose a problem since the 
printer will check connectivity before printing.  
In this way, one large fully connected object is 
printed. 
 

CONCLUSIONS 
 

Our results demonstrate that a more realistic 
phantom may be fabricated that is based on 
computed tomography images.  The inclusion of 
more soft tissues and major blood vessels will 
add complexity to the existing chest phantom, 
thereby allowing for more realistic and strenuous 



testing situations of the semi-automatic lung 
tumor detection algorithm.  In addition, this 
method of construction of a chest phantom is an 
inexpensive alternative in comparison to the 
mass produced chest phantoms usually used for 
quality assurance and radiation safety testing.  
Moreover, this chest phantom will be customized 
to allow for the mobilization of small spheres, 
simulating lung nodules within a breathing 
patient. 
 

FUTURE WORK 
 

The next step toward completion of this 
project is the conversion of the image stack to a 
stereo-lithography (STL) compatible format.  
Kodak requires this format to print three-
dimensional objects using their plotter.  At the 
present time there are imaging packages that are 
able to convert various image formats to STL 
format, but none that will convert an entire 
image stack from one image format to STL 
format. 
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