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Abstract. Creating a fast parallel iterative tomographic algorithms based on the use 
of graphic accelerators, which simultaneously provide the minimization of residual 
and total variation of the reconstructed image is an important and urgent task, which 
is of great scientific and practical importance. Such algorithms can be used, for 
example, in the implementation of radiation therapy patients, because it is always 
done during pre-computed tomography of patients in order to better identify areas 
which can then be subjected to radiation exposure.  

Introduction  

Computer tomography using cone-beam of X-rays (Cone Beam Computed 
Tomography (CBCT)) is widespread  both in industry and in medicine. The most common 
conventional technique to date for the reconstruction with a cone-beam projections is a 
method based on the use of Feldkamp algorithm (FDK). Because of the emerging trend in 
recent years to a significant decrease in the X-ray dose for patients undergoing tomographic 
examination, there is the need to reduce both the number of filmed projections and anode 
X-ray tube current, with which the picture is taken. For example, prior to the 
implementation of radiation therapy all patients go through CBCT, in order to more 
accurately identify the areas which would later be exposed to powerful radiation exposure.  
A CT patient usually exposed to about 200-300 X-ray projections with 0.4 mAs radiation 
dose per projection (0.4 mAs / projection). When one reduces the X-ray dose to 0.1 mAs / 
projection and number of projections to 30-90, Feldkamp algorithm reconstructs the highly 
degraded image of patients, which is non suitable for further medical use.  

Experience shows [4] that this situation can be corrected by applying iterative 
tomographic algorithms with using total variation for regularizing of reconstruction. Using 
the minimization of total variation of the reconstructed image can eliminate artifacts caused 
by noisy X-ray projections arising from a small X-ray tube current and projections number 
reswpectively.  Furthermore, the use of total variation provides almost complete 
elimination of artifacts caused by decreasing the number of projections. The challenge is to 
develop iterative algorithms tomographic reconstruction technique using minimization of  
total variation technique available for a limited number of projections (30-90) and X-ray 
dose of 0.1 - 0.2 mAs / to provide virtually the same quality of the reconstructed image, as 
a method of FDK using 200-300 projections with radiation dose per projection 0.4 mAs.  

However, iterative methods expend unacceptable great time for reconstruction of 
the three-dimensional image of the patient's. The use of graphics accelerators allows the 
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development of ultra-fast parallel algorithms for three-dimensional tomographic 
reconstruction to solve this problem for the time period from several seconds to a minute or 
two. 
 
1.  The heuristic method of statistical iterative reconstruction 

 
X-ray projections of a "head-neck" for a few patients have been obtained on the 

multifunction accelerator for radiotherapy with modulated intensity – Elekta Synergy with 
kilovolt power. Apart from megavolt X-ray source in the X-ray system it has kV X-ray 
source for performing reconstruction of images of patients for the purpose of their correct 
positioning before the implementation of radiotherapy. In this paper we investigated the 
possibility of improving the quality of the standard FDK tomographic reconstruction 
technique. We developed statistical iterative algorithms of reconstruction using total 
variation  minimization  technique and OpenGL. We also evaluated the quality of 
reconstruction even  with smaller number of projections – only 90.  

Iterative methods for tomography are usually based on a solution of a system of 
linear algebraic equations 
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In the past we used for the solution a heuristic iterative algorithm inherently based 

on theoretical basis close to the algorithm published in [1], but which primarily differs by 
the fact that we use here the correction of the this approach by minimizing the residuals, not 
intensities, for the radial integrals. The proposed reconstruction algorithm (Bayesian 
Inference Engine, BIR) [2] can be written as 
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where ( )k
jx – the value of the j-th component of the vector of unknowns at the k-th iteration, 

ijA  – elements of the projection matrix, ip  – the value of the measured radial integral in 

the pixel number i, ( )λ k – sequence relaxation parameter values (0 < ( )λ k <1). 

Corrected algorithm represented by the formula (2) is convenient for parallelization 
using OpenGL graphics library, as well as the famous SART algorithm [3]. Direct 
projecting of a three-dimensional texture, containing an image of the current approach, is 
the same as for the SART algorithm, which is described in detail in [4]. The difference lies 
in the fact that its implementation must use two additional two-dimensional textures. A 
corrected image is contained in one of them. The second texture contains an image of layer 
of the corrected three-dimensional texture. By correcting an image, it is first projected 
perspective [5] to the place where the corrected layer is, and then multiplied with the 
corrected image of layer and recorded in its place. For multiplication of two-dimensional 
texture, texture mapping is applied to the object within GL_MODULATE mode. 
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2.  Reconstruction of images of real patients 
 

Minimizing the total variation [6] for the three-dimensional image reconstruction 
was carried out on an ordinary processor in between corrective iterations that have been 
implemented on the graphics card NVIDIA GeForce GTX 470 c 1280 MB of texture 
memory. All projections were obtained on a linear accelerator Elekta Synergy (last 
generation). Projection data were obtained from Professor Jürgen Hesser from the Medical 
Center Mannheim University. The parameters for the X-ray of the subject "head and neck": 
tube voltage - 100 kV, anodic current - 10 mA, exposure time - 10 ms. We used for 
reconstruction of images of patients as 373 projections and 90 projections respectively.  
Results of tomographic reconstructions are shown below in figures 1– 2. 
 

 
 

Fig. 1 – Orthogonal XOY sectional image (left), YOZ (middle) and XOZ (right). 
Top row - reconstruction with 373 projections without regularization.  

Bottom line - reconstruction with TV regularization 
 

 
 
 

Fig. 2 Orthogonal XOY sectional image (left), YOZ (middle) and XOZ (right). 
Reconstruction with  90 projections with TV regularization 
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The following will picture show the image of the front layers of the object "Head-
Neck", reconstructed from 373 projections as to the regularization, and without it. 
 
 

 
 
 
 

Fig. 3. – Image of 256th front layer of patient number 1, reconstructed without regularization.  
On the left - the image, along with the line. On the right the profile is shown  

 
 

 

 
 

 
 

Fig. 4. – Image of 256th front layer of patient number 1, reconstructed with regularization.  
On the left - the image, along with the line. On the right the profile is shown  
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3. Results 
 

In this study we examined the statistical heuristic iterative algorithm BIR. We 
investigated the possibility of its use for reconstruction of tomographic images of the 
patients in the Elekta Synergy system. The results indicate a high speed of reconstruction 
and a good contrast of the reconstructed image. Checking the algorithm was carried out 
with the help of X-ray projections of real patients . It has been shown that it can be used as 
an alternative to the Feldkamp algorithm, which is used in a linear accelerator Elekta 
Synergy. It was found that the method of regularization of total variation gives as a result 
the significantly reduced noise in the reconstructed three-dimensional image and improves 
its quality, while maintaining clear boundaries. 
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