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1 Introduction

1.1 Grating-Interferometry X-Ray Imaging

In Switzerland, cancer is the most common cause of mortality in the segment of the pop-
ulation aged of 45 to 84 years [14]. Between 2013 and 2017, breast cancer was the most
widespread cause of death due to cancer in the Swiss female population with 18 [%] just
before lung cancer with 16 [%]. [9]. All around the world, the implementation of regular
screening by mammography has reduced the mortality of breast cancer [8]. In the Nether-
lands for example, the mortality rate has decreased over 30 [%] for women aged between 55
and 79 years over the last twenty years [16]. Mammography and ultrasound are currently
the most efficient ways of screening dense and non-dense breast tissue. However, mammog-
raphy suffers from the low soft tissue contrast. Current issues of that imaging system are the
superposition of relevant anatomical structures and the low values for sensitivity and speci-
ficity in dense breast tissue. That is where phase contrast can help, because it provides an
additional contrast at the interfaces of areas with different electron density [8, 15, 17]. Phase
contrast X-ray imaging is widely used at the synchrotron because of the unique capabilities
of the radiation. The sychrotron offers a small but powerful monochromatic radiation. The
large distance between source and sample and the good quality beam make it possible to
have coherent radiation falling at the sample. Nevertheless, the access to synchrotron radia-
tion can require time and peer-reviewed proposal. For that reason it is not very suitable for
clinical application. In contrast, grating interferometry (GI) is the very promising technique
which could bring the advantages of the phase-contrast imaging in the laboratory setup. Its
concept is to install additional elements, gratings, which allow to recover absorption, phase
and dark-field contrast signals from one measurement [13]. The group of M. Stampanoni
are one of the leaders of such development. Among various setups and applications of the
laboratory, there is one high-resolution GI phase contrast X-ray imaging system, which is
able to record tomograms of small breast tissue samples with a resolution of less than 20
[mm]. That particular setup aims to support pathologists and radiologists in ex-vivo assess-
ment of breast specimens. It can perform CT scans with a spatial resolution similar to the
achieved one with histology. Compared to histology, it has the advantage of not destroy-
ing nor deforming the sample and of avoiding the loss of resolution along the axis normal
to the imaged slices. On the other hand, the contrast and the visibility are still better on a
histological section.

The project described here was aiming to facilitate development of that an GI imaging
setup towards the stand-alone clinical system.

1.2 Setup description

The project has been performed with the imaging system shown below. Figure 1 shows an
annotated picture of the whole GI X-ray imaging system. The source is a Sigray MAAST
X-ray source with structured anode [4], thus no G0 grating is needed. The Huber tower
[5] is the sample holding stage of the setup and is the component of interest in the project.
It is composed of two tilting and one rotational stage. G1 grating is a pi-shifting phase
grating produced by deep reactive ion etching of silicon. It has a period of 3 [mm] and a
height of 25.5 [mm]. G2 is an absorption grating produced by deep reactive ion etching
of silicon and gold electroplating. It has a period of 3 [mm] and a height of 35 [mm]. The
gratings are essential to restore phase contrast and dark-field signals. Both gratings are hold
by 6D towers produced by the SmarAct GmbH [1]. These towers allow all necessary linear
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translation and rotation needed for gratings’ positioning. The detector is a X-ray sCMOS
GSENSE 16.4 MP detector made by Photonic Science [12]. It has a pixel size of 19.85 [mm]
and a field of view of 4045x4041 [pixels2] which is approximately 8x8 [cm2].

Figure 1: The figure shows the complete setup with its main components annotated.

2 Motivation of the project

2.1 Overall goal

The goal of the project was to make the Laboratory-based X-ray phase contrast systems com-
pletely independent of existing hardware controlling infrastructure at the PSI. As a matter of
fact, the setup will be moved to ETH Zurich buildings during the current year. In the future,
it also has the ultimate goal of becoming clinically compatible. These reasons fully justify
the need of making the setup independent. The sample holding tower was the last compo-
nent of the imaging system which relied on PSI infrastructure. It was controlled by standard
motor controllers provided by the PSI and embedded as part of the beamline infrastructure.
The infrastructure cannot be moved and relies on the support of the PSI engineers. That sys-
tem was working correctly and was routinely used for experimental work and tomographic
acquisitions in the laboratory. TOMCAT group has bought a specific controlling system to
control Huber tower. It has replaced PSI’s motor controllers. During the project, SMC 9300
motor controller [5] was set. Its hardware and software was integrated to the imaging setup
and to the computed tomography (CT) acquisition pipeline. The new controlling system was
also tested and his performance optimised. It has been implemented for the real experiment
and has allowed the acquisition of new CT scans.

2.2 Objectives

In practice, the project was divided in three different parts. The first part of the project is
about controlling system establishment. Huber tower was connected to the controller and
adjusted. It was made sure that it worked from the graphical user interface (GUI) displayed
on controller’s tactile screen. Then the controlling system was integrated into the python
environment which is used for setup’s utilisation. In the second part of the project, quality
assessment and performance tests were run to make sure the tower was working as ex-
pected. It was also verified that the tower was adequately integrated to the setup for real
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