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A
Appendix A:

Supplementary information

This appendix contains the supplementary information to chapter 4. In this
appendix we extend upon the methods and implementation.

A.1 Supplementary methods

A.1.1 Model and optimisation

In this section we discuss the theory and model that underlies the implementation of
our marker-based system parameter derivation. In less sophisticated X-ray imaging
equipment, these parameters are often not available. By including small metal balls
in the acquisition, we retrieve these parameters based on the radiographs. Each
marker is visible as a circle on all (or most) projections, and we call its location the
projected marker location (PML). For each marker we measure the PML on the X-ray
images. Given a set of system parameters and marker positions, and for each marker
at each rotation angle, we can draw a line from the source through the marker. The
intersection of this line with the detector plane gives a predicted PML. The goal is to
minimise the distance between the predicted PMLs and the measured PMLs. This
will provide an estimated value for the system parameters, which we need for 3D
reconstruction as described in section 4.3.

We aim to find parameters that can be used to produce a 3D reconstruction of the
object. Our method does not aim to find the absolute physical distances. The only
impact of this on the 3D reconstruction is the scale, which can if needed be obtained
by including an object of known size in the scan or by measuring one distance on the
object afterwards and scaling the reconstruction accordingly. In the next sections, we
will first discuss the model used for the forward projection of marker positions and
then the optimisation that is used for estimating the system parameters.

This is the appendix to chapter 4 and is published as Supplementary Information to F. G. Bossema,
W. J. Palenstijn, A. Heginbotham, M. Corona, T. Van Leeuwen, R. Van Liere, J. Dorscheid,
D. O’Flynn, J. Dyer, E. Hermens, and K. J. Batenburg. “Enabling 3D CT-scanning of cultural
heritage objects using only in-house 2D X-ray equipment in museums”. Nature Communications
(accepted, in press).
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Figure A.1l: Schematic indicating the variables and notation used in the forward model.

The forward model

We assume that the setup consists of a cone-beam X-ray source, flat-panel detector
and a rotation stage. A block of foam containing markers is mounted on the rotation
stage next to the object. We assume that the components are stably mounted and
do not drift during acquisition. For our calculations, we model the system as the
source and detector rotating around the object, which is mathematically equivalent
to a rotating object between a static source and detector.

We define a left handed coordinate system with the rotation axis being th