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Abstract: In order to render 3D model of the bone, the stack of cross-sectional images must be reconstructed from a series of X-ray 
radiographs, served as the projections. In the case where the distance between x-ray source and detector is not infinite, image
reconstruction from projection based on parallel-beam geometry provides an error in the cross-sectional image. In such case, image 
reconstruction from projection based on conebeam geometry must be exercised instead. This paper is devoted to the determination of 
detector center for SART conebeam Technique which is critically effect the performance of the resulting 3D modeling. 

Keywords: Image Reconstruction, Backprojection, SART, Volume Rendering, Radiograph

1. INTRODUCTION 

 Three-dimensional (3D) visualization, including surface 
rendering and volume rendering, has been studied extensively 
for medical application for the past several years and applied 
to such various medical applications as volume measurement, 
surgical planning, automated image-guided surgery, and 
telepresence surgery. The 3D visualizations are well 
established as clinical tool for CT imaging [1-2].  
Visualization techniques for MRI and PET have been explored 
in [3-4]. Recently, special techniques have been purposed for 
multi-modal image which is the combination of PET and MR 
data [5-6]. 3D-image reconstruction for 3D ultrasonic data has 
been investigated in [7-8] to visualize the left ventricle of 
heart and the mitral valve. 

 Recently, we have proposed the 3D visualization from X-
ray radiographs by deriving the stack of cross section from the 
filtered backprojection technique (FBP) and Algebraic 
Reconstruction Technique (ART) [9-10]. In those researches, 
the 3D visualizations are consequently obtained from 
rendering the stack of cross-sectional images, so-called 
volumetric data, by the rendering technique. Hence, having 
high quality cross-sectional images is necessary as well. The 
scheme to inverse the projections to a cross section can be 
categorized into 2 classes, the transformation method [11] 
such as the FBP and the algebraic formulation [12] such as the 
ART. It is proved by [13] that, for the same limited number of 
projections, the algebraic formulation gives the better result of 
cross section than that of the transformation method. We have 
shown that the algebraic reconstruction is suitable for the X-
ray radiography which has limited projections caused by the 
X-ray overdose problem. 

 Image reconstruction from projection used in [9], [10] and 
[15] is based on the assumption that the beam geometry is 
parallel. In practice, however, the assumption is acceptable 
only in the case where the distance between x-ray source and 
film (or detector) is relatively high. If this is not the case i.e. 
for (C-ARM x-ray Apparatus), conebeam geometry must be 
applied. The implementation of conebeam -geometry 
reconstruction algorithm, however, requires that the center 
location of the detector is accurately identified. Any slightly-
missed alignment of the x-ray soure or the detector could 
result in the error of the position of the center and hence the 
error in reconstructed image. The aim of this paper is to the 
determination of detector center for SART conebeam 
technique.  

 This paper is structured as the following. Section 2 explains 
for detector-center determination succeeding section is for 

simulation results on the phantom model followed by the 
practical results tested on a series of X-ray radiographs of the 
human femur bone.  Conclusions and Discussion is provided 
in the last section. 

Fig. 1 Cone Beam Geometry.  

2. DETECTOR-CENTER DETERMINATION 

 The implementation of SART conebeam  (shown in figure 

1) requires that the center location of the detector or R (p, ) is 
accurate. Any slightly-missed alignment of the x-ray soure or 
the detector could result in the error of the position of the 
center. This section is devoted to the determination of detector 
center. The procedure is performed by taking the radiograph 
of the square-metal tube. The shadow-gram of the tube is then 
analyzed to determine the center location. 

 In Fig.3, (a) is an x-ray radiograph of the box model from a 
C-Arm x-ray apparatus that is demonstrated the conebeam by 
shade of the object in Fig. 3. (b) (Top view). Size of the 
azimuth object show on a scene that is presented by Ao = 4.5 
cm and Bo = 4.5 cm. For As and Bs are the size of shade, it is to 
exceed more than the object’s size because it is indicated to 
the conebeam. When the center of rotation of point source is 

placed on the center of the object, both side ( sl1 and sr1) of 
shade will equally. We is written relation as 
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 and  is the inner angles of rays touch the top corner of 
box show that the relation of length from the point source to 
scene show in Fig. 4(b). The distance from edges of the box 

and shade to center rotation are sl1, sl2, sr1 and sr2. The 
altitude of box is L1 and distance from top of box to point 

source is L2. Length of box Ao explained by sl2 and sr2, Ao

can be obtained from the summation of sl1,  Ao and sr1.
When the point source is shifted that shown in Fig. 4(a), we 
can be written as 
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 The stretch of shaded As and As’ are equally distance, we 
show that by 
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 In this problem, we need to found sl2’ and sr2‘when

know Ao, As, sl1’ sr1’ and L1. First, we suppose sl1,

sl2, sr1 and sr2, those can be obtained the other parameters 

such as L1 in (15) or (16) then sl2’ and sr2’ is obtained by 
(23) and (24). For this, As = 4.5 cm, Ao = 4.5 cm, Bs = 4.5 cm, 

Bo = 4.5 cm, sl1’ = 1.2375 cm, sr1’ = 1.0125 cm and L1 = 

30.6 cm, sl2’ is 2.475 cm and sr2’ is 2.025 cm. The other 
side we are solved from Bo and Bs which the results are shown 
center of the point source in Fig. 5. 

Fig. 5. 

3. 3D RECONSTRUCTION FOR C-ARM X-RAY 

APPARATUS 

 The complement of this paper is to reconstruct the stack of 
cross-sectional images from the radiographs of Femur Bone, 
and to display it as a 3D model by the volume-rendering 
technique. To collect the radiographs, we have used BV-29 
Phillips C-ARM X-ray apparatus. The apparatus is capable of 
providing a digital-form radiograph and information about the 
collected angle. The tested phantom is a human femur bone. 
The number of projection is 36 or 5 degrees per radiograph 

from 0 to 180 . Figure 6 shows an example of radiographs of 
femur. These radiographs served as a 2D projection data for 
SART conebeam

Fig. 6 Sample of X-ray radiographs taken  
from 60 angles in the half plane. 

Fig. 7 The cross sections of femur bone  
reconstructed by the SART conebeam.

Fig. 8 Three views of the volume rendering of human 
femur bone

 The projected data used for the image reconstruction is 
extracted from each of the horizontal line of the digitized 
image. Figure 7 shows sample of reconstructed images using 
SART conebeam. After the reconstruction processes, all of the 
slices is stacked to form the volumetric data. The volume 
rendering is then performed on the stacks of data to provide a 
3D visualization. After adding the lighting model for more 
reality, the 3D visualizations are available as shown in Figure 
8.

4. CONCLUSIONS 

 The application of image reconstruction from projection 
based on cone-beam geometry is implemented in this paper. 
The center for conebeam Technique is critically effects the 
performance of the resulting 3D modeling. In this paper, we 
focus on the center determination for conebeam x-ray 
tomography by analyzing the radiograph of the square-metal 
tube. The qualities of cross-sectional images and the resulted 
3D model of Human femur bone from SART conebeam 
algorithm is improved after the center of the accurately 
identified.  
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