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Summary: We derived and successfully implemented on GPU a tomographic reconstruction method which
relaxes the requirement that the sample does not change during the acquisition of one tomographic projection.
In the presented method, time-resolved data is decomposed in the temporal domain by projecting to a lower
dimensional subspace and deploying additional Total Variation regularization for spatial and temporal variables.

1. INTRODUCTION

Time-resolved four-dimensional X-ray computed tomography is widely used in medicine and material sciences
where the inner structure of the sample under study is dynamically changing in time. The conventional approach
to dynamic tomography is to acquire measurement data during rotations with a constant angular step size. Then,
reconstruction is performed for each 180 degrees rotation cycle by using reconstruction methods such as Filtered
Back-projection (FBP). The series of recovered objects then form temporal samples representing the object
evolution in time. This scheme, however, assumes that the object is static during each 180 degrees interval.
Any change larger than the voxel size in the object’s structure during a single rotation cycle introduces motion
artifacts apparent as blurred and corrupted reconstructions. The implication is a constant trade-off between the
speed of sample rotation and sample dynamics. Algorithms for four-dimensional tomographic reconstruction
became of great interest especially with the development of fast detector systems in the last years. With brilliant
synchrotron light sources, it is possible to perform continuous data acquisition with more than 8GB/s rate and
produce terabytes of acquired three-dimensional data sets and corresponding four-dimensional reconstructions.
Processing of such a big data requires fast reconstruction algorithms and powerful software-hardware systems.

In this work, we use the concept of compressed sensing in the way that data in the temporal direction is
represented by a linear combination of appropriate basis functions, and the L1 norm minimization is performed
for the gradient in both spatial and temporal variables. The choice of basis functions depends on the motion
structure inside the object and can be determined according to measured data. There are two main advantages of
the proposed method. First, in contrast to other approaches, we address the cases where rapid motions happen
during a 180 degrees interval. Other methods operate with different strategies for decreasing the number of
projections to represent this interval, and, in that way, require a small amplitude of structural changes inside
the interval. Second, the proposed method allows operating with big real four-dimensional data that have many
samples in the temporal direction. This is achieved by the time domain decomposition that sufficiently decreases
data sizes. Reconstruction, in this case, are reasonably fast, whereas the existing methods are time-consuming
to an extension that impairs their practical use for standard-sized data volumes.

2. METHOD

The proposed method [3] is based on the assumption that the object motion at each concrete space sam-
ple (x, y, z) can be approximated by a linear combination of a small number of basis functions ϕj(t), i.e.,
f(x, y, z, t) ≈

∑
j fj(x, y, z)ϕj(t), where f = fj(x, y, z) are decomposition coefficients. The choice of basis func-

tions ϕj for better approximation depends on the motion structure. As an example, we choose the Fourier basis
with a low number of coefficients to represent slow motions, and a high number of coefficients to represent rapid
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motions. Other possible functions for representation include Haar wavelets, Heaviside step functions, as well as
their smooth approximations. Typically, the object needs to be reconstructed only with some particular step
in time so that the total number of sought time frames is sufficiently smaller than the total number of angles.
This fact potentially allows decreasing the number of coefficients in the representation.

Associating the operator P with the time-domain decomposition mentioned above we consider the following
regularized problem for recovering the optimal solution fo from 4D tomography measurements g,

fo = P argminf{0.5‖RP f− g‖22 + λTV(P f)},

where the operator R is the time-resolved Radon transform, and the term λTV(P f) denotes the Total Variation
(TV) term which preserves rapid data changes and diminishes small data changes in the spatial and temporal
directions. This assumes that the object under study does not rapidly change the whole structure, i.e., most
object parts keep constant between adjacent time frames. Moreover, the TV term also preserves sharp edges
of the object inner structure and minimizes noise components. For solving the regularized problem we use the
first-order, primal-dual algorithm of Chambolle and Pock [1].

3. RESULTS

Our method works on a continuous acquisition where multiple time frames are recorded through multiple
tomographic rotations while sample motion is not restricted within the individual intervals. Figure 1 shows an
example of real tomography data reconstruction. The implementation on modern GPU systems demonstrates
7-11 performance gain compared to modern CPU with 24 cores. The source code is publicly available (https://
github.com/math-vrn/rectv_gpu). The foam data with an example script for reconstruction by the proposed
method can be downloaded via Tomobank [2], see section Datasets - Dynamic - Foam data.
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Figure 1: Reconstruction of experimental data from the TOMCAT beamline at SLS: rheology study of liquid foams.
Left panel shows a 3D reconstruction from the angular interval [kπ, (k + 1)π) linearly connected to the time period
t ∈ [kαπ, (k+ 1)απ) where the foam is moving. Fast foam motion correspond to regions (a) and (b), region (c) is static.
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Federica Marone, Rajmund Mokso, Daniël M Pelt, Jan Sijbers, et al. TomoBank: a tomographic data
repository for computational x-ray science. Measurement Science and Technology, 29(3):034004, 2018.

[3] Viktor Nikitin, Marcus Carlsson, Fredrik Andersson, and Rajmund Mokso. Four-dimensional tomographic
reconstruction by time domain decomposition. IEEE Transactions on Computational Imaging, 2019.


