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Summary: Fast modification of the FDK algorithm based on the concepts of decomposition and angular
decimation is presented. The implementation allows to obtain 20-fold algorithmic acceleration of reconstruction
for an image of the size 2000 px × 2000 px × 256 px without significant loss in quality. The method has
additional advantages, such as the potential for a significant reduction in peak memory consumption.

1. INTRODUCTION

The FDK algorithm is commonly used to perform a fast reconstruction in cone beam computed tomography
(CBCT) with a circular trajectory. A computational complexity of this algorithm is O(N4). Several mod-
ifications of the FDK method were proposed to obtain better asymptotic computational complexity. Some
approaches transform cone-beam data to parallel-beam projections and use fast algorithms for radon transform,
such as [1] and [2]. The FHBP (Fast Hierarchical Backprojection) method proposed by Xiao et al. [3] is a
native cone-beam algorithm. It requires O(N3 logN) operations instead of O(N4). It is based on the divide-
and-conquer concept and the hierarchical decomposition of a backprojection operation into sub-volumes and
decimation of projection angles.

We used the same ideas to create another modification of the FDK algorithm. The developed algorithm
FDK-OD (optimal decomposition) requires O(N3.5) operations and allows to optimize memory consumption.
The design of this method is based on the independent computation of small regions of a studied object. To
accelerate a reconstruction of each region, decomposition and decimation of projection angles are used. The
nonhierarchical structure of the algorithm separates reading and processing operations for different regions and
allows to decrease memory consumption in any given moment.

This approach gains a considerable advantage when an implementation of the algorithm is parallelized with
usage of GPU. Usualy, the whole projection volume can not be loaded to the GPU memory. Due to this fact,
reconstruction application requires a method to divide data by chunks to conduct all operations with them
separately and in sequence. The FDK-OD algorithm provides a native way to separate the data.

2. EXPERIMENTAL METHOD

The FDK-OD algorithm was tested on the experimental CT data obtained from the MARS scanner [4]. As an
x-ray source, Source ray SB-120-350 x-ray tube was used with voltage lower than 120 keV, current lower than
350 µA. Focal spot size equaled 150 µm. Data acquisition was performed using Timepix chip with pixel size of
55 µm and FITPix interface. 1 mm of GaAs was used as a sensor material. Size of the object varied from 256
to 2500 pixels.

Performance tests were made to compare calculation times for FDK and FDK-OD with the same datasets.
Different methods are proposed to compare a quality of the reconstruction. Comparison of image profiles is used
to test an ability of the FDK-OD modification to preserve sharp edges and its effect on the uniform regions.
To characterize a resolution of the reconstructed object, an MTF (modulation transfer function) analysis is
performed.
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3. RESULTS

The FDK-OD manages to reconstruct objects without significant loss in quality (Fig. 1(a)). Profile analysis
shows that the FDK-OD reconstruction is able to preserve sharp borders of the objects and smooth a noise in
the uniform regions (Fig. 1(b)). According to the MTF curves (Fig. 1(c)), the difference between the FDK-OD
and FDK resolution is insignificant. The acceleration of the FDK-OD modification increases for bigger objects
and can achieve significant values (Fig. 1(d)).

The FDK-OD algorithm leads to the computational cost O(N3.5) and has some important differences from
the known algorithms. It can achieve considerable acceleration and has a potential for significant reduction of
peak memory usage.
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Figure 1: (a) Comparison of cross-sections reconstructed with FDK and FDK-OD. (b) Image profiles cor-
responding to the dashed lines in (a). (c) Comparison of MTF curves. (d) Acceleration of the FDK-OD in
comparison with FDK as a function of projection size


