
Abstract: Efficient Epipolar Consistency
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Epipolar consistency (EC) is one of the simplest consistency conditions in
cone-beam computed tomgraphy. It describes redundant line integrals between
any two projection images. Its simplicity is an advantage for practical implemen-
tation and applications for calibration and motion correction in FDCT. Not only
is this consistency metric efficient to compute, it was also shown to be applicable
to any set of X-ray projections, no matter the type and shape of trajectory, as
long as no major structures are truncated in the projection images. In addition,
EC has been applied to tracking in fluoroscopy, tomosynthesis, as well as rota-
tional angiography of the heart. Aichert et al. [1] present both pseudo-code and
a MATLAB demo to estimate the relative geometry between two X-ray projec-
tions. The algorithm is simplified analytically, to break down the problem for
two source positions into two 3× 2 matrices. A researcher who wishes to imple-
ment EC for their own application only needs to add computation the Radon
intermediate function ∂

∂tρ(α, t), with angle to the image u-axis α and distance
to the center of the image t. It is the Radon transform of each projection im-
age, followed by a derivative in the t-direction. On high-end mobile hardware,
our GPU implementation evaluates the EC metric in 44 ms for a scan with 133
projections (i.e. 8, 778 pairs of projections), excluding the time to pre-compute
Radon transforms of the projection images with 512×512 bins each. The metric
can be used as an objective function in a non-linear optimization, to correct,
for example, parameters of detector misalignment or patient motion. As supple-
mentary material, an open-source example1 of the ECC algorithm is provided.
We hope that this work allows other groups interested in epipolar consistency
to quickly adapt an efficient solution.
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