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Modulation-based imaging is an X-ray phase-contrast technique capable of simultaneously
retrieving transmission, differential phase-contrast, and dark-field signals.The method exploits a
structured illumination generated by a modulator, avoiding the need for complex optical compo-
nents.However, achieving stable reconstructions generally requires the acquisition of multiple
images of both the modulator alone and the modulator together with the sample, making tomo-
graphic applications demanding in terms of acquisition time and radiation dose.

To address these limitations, a systematic experimental campaign was carried out at the Op-
timaTo Laboratory(Trieste, ltaly) [1], where the setup consists of a liquid-metal-jet X-ray source
(MetalJet D2+, Excillum) and a photon-counting detector (Lambda350k, X-Spectrum) featuring
a cadmium telluride sensor. Planar radiographs were acquired while varying several experi-
mental parameters, including the type of diffuser (sandpaper was compared with a Vogel-spiral
membrane*), the propagation distance, and the number of diffuser stepping positions.

Different image-quality metrics and statistical analyses were employed to assess the in-
fluence of these parameters on the reconstructed signals and to identify an optimal trade-off
between image quality and acquisition time.The resulting optimized configuration enabled the
acquisition of the first modulation-based tomographic scans performed at the OptimaTo labora-
tory. In addition to the well-established UMPA algorithm [2], reconstruction was implemented in
the Fourier domain, using a forward model like the one proposed in [3]. The noise spectrum for
a photon-counting detector was included in this reconstruction algorithm to further improve the
quality of the results.

* We thank Dr. Emmanuel Brun (STROBE Laboratory, Grenoble, France) for providing the
Vogel spiral membrane. More details can be found in [4].
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