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ABSTRACT: We report on a large field of view, laboratory-based X-ray phase-contrast imaging 
setup. The method is based upon the asymmetric mask design that enables the retrieval of the 
absorption, refraction and scattering properties of the sample without the need to move any 
component of the imaging system. This can be thought of as a periodic repetition of a group of 
three (or more) apertures arranged in such a way that each laminar beam, defined by the 
apertures, produces a different illumination level when analysed with a standard periodic set of 
apertures. The sample is scanned through the imaging system, also removing possible aliasing 
problems that might arise from partial sample illumination when using the edge illumination 
technique. This approach preserves the incoherence and achromatic properties of edge 
illumination, removes the problems related to aliasing and it naturally adapts to those situations 
in clinical, industrial and security imaging where the image is acquired by scanning the sample 
relative to the imaging system. These concepts were implemented for a large field-of-view set 
of masks (20 cm x 1.5 cm and 15 cm x 1.2 cm), designed to work with a tungsten anode X-ray 
source operated up to 80-100 kVp, from which preliminary experimental results are presented. 
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1. Introduction 

X-ray imaging is extremely widely used as a non-destructive method for visualizing the inner 
structure of extended objects. It finds application across a range of field, from biology and 
medicine to security and engineering. The capability of generating image contrast based on the 
difference in the attenuation of the X-rays as they travel through the sample can be extended by 
means of phase-contrast techniques were also the modulations imparted to the phase of the 
wavefield are contributing to the intensity contrast at the detector [1–3]. A variety of techniques 
are available today to perform X-ray phase-contrast imaging (XPCI). These include, amongst 
others, crystal interferometry and analysers [4–13], propagation in free space [14, 15], grating 
interferometry [16–18] and edge illumination [19, 20]. Edge illumination (EI) is attractive for its 
compatibility with the polychromatic and divergent X-ray beam produced by conventional 
tubes. It can provide quantitative phase and scattering information, and offers a robust set-up 
[21-28]. 

2. Methods 

Two sets of apertures are at the core of the EI XPCI technique. The first one is often called pre-
sample mask and is used for beam shaping, while the second one, usually called detector mask, 
is used for beam analysis and the sample is positioned between the two masks. The intensity 
that reaches the detector depends on the relative alignment of these two optical elements: if the 
apertures are perfectly aligned the intensity is at its maximum and it progressively decreases as 
one mask is shifted with respect to the other. We refer to the function describing the intensity as 
a function of the relative displacement between the apertures in the two masks the system’s 
illumination function. The conventional and the asymmetric [27] mask designs for EI XPCI are 
sketched in Figure 1. In the conventional design a regular pattern, alternating between 
transmitting and absorbing septa, is used in both the pre-sample and in the detector masks. This 
enables to obtain a uniform illumination level across the entire field of view and it can be 
schematized with the system working at a given position along its illumination function. In the 
general case, at least three images (intensity projections) – at complementary illumination 
fractions - are required in order to retrieve the sample’s absorption, refraction and scattering 
images [22,27]. 
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Fig. 1: Comparison between the mask designs. Conventional: three separate images are acquired at 
different illumination levels by moving one mask with respect to the other. Asymmetric: the intensity 
projections are acquired by adjacent pixel columns, each reached by complementary illumination 
fractions. In the asymmetric configuration, the sample is scanned and the optical elements are kept 
stationary. 
 
Three typical positions are at about 50% of the intensity on each side of the illumination 
function and at 100%. We note that the masks have to be moved during data collection in order 
to perform this kind of imaging, and this could be impractical in some situations, for example 
were system robustness has to be maximised. An alternative to this configuration is to use an 
asymmetric pattern of apertures and absorbing septa in the sample mask while keeping a regular 
pattern in the detector mask. In EI there is a one-to-one matching between each aperture in the 
two masks and the detector pixel columns. When an asymmetric mask is used, each pixel 
column records independently an intensity projection at complementary illumination fractions. 
The sample is scanned through the X-ray beam while all the other components of the system are 
kept stationary during data acquisition. With this concept it is possible to extend the field of 
view of an XPCI system by scaling the masks only in one direction, the extension of the image 
in the direction orthogonal to the apertures does not depend on the masks’ size any more, but is 
only limited by the amount of scanning that is feasible to perform. Based on this concept a 
system featuring a sample mask of 15 cm x 1.2 cm was designed and assembled [29]. The large 
mask was obtained by combining three smaller masks (5 cm x 1.2 cm each) that were accurately 
aligned and fixed to a steel frame. The apertures were chosen to be 22 and 28 microns for the 
sample and the detector mask, respectively. The X-ray source is a tungsten anode X-tek 160 
tube with a focal spot of approximately 80 microns. The detector is a dual-energy, single-
photon-counting CdTe-CMOS (XCounter) featuring 2048 x 128 pixel of 100 microns size. The 
entire system is assembled inside a lead shielded X-tek NGI (Next Generation Imaging) cabinet. 
Preliminary results obtained from this scanner are presented in the following section. 
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3. Results 

A photograph of the scanning system is shown in Figure 2 where the sample mask, the sample 
stage, the detector mask and the detector are visible. Alignment of the two masks with the 
detector pixel columns is achieved by means of two stacks of stepper motors. 

 

 
Fig. 2: Photograph of the scanning system prototype. The sample mask is 15 cm x 1.2 cm in size and the 
sample stage can scan large samples. The single-photon-counting detector is visible behind the detector 
mask. 

 

The asymmetric mask is designed to provide four complementary illumination conditions, 
approximately at 100%, 60% (two sides) and 20% (one side). The curves recorded 
experimentally are shown in Figure 3. 
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Fig. 3: Illumination function simultaneously recorded by adjacent pixel columns: at the position with no 
relative displacement, the illumination fractions are approximately 100%, 60% (two sides) and 20% (one 
side). 

 

Finally we report on the retrieval of three contrast channels: absorption, refraction and scattering 
of a marker pen used as test sample. The marker was placed vertically inside the scanner such 
that the shorter dimension is orthogonal to the masks’ aperture and parallel to the scanning 
direction. The retrieval is based on a multi-Gaussian model of the illumination function and on 
the extraction of the sample parameters on a pixel-by-pixel basis by means of a fitting procedure 
[29]. The illumination function is modelled as 
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and the sample transmission t , refraction Δ  and scattering σ  are extracted by fitting the data 
to the modified illumination function 
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that describes how the illumination is modified when the sample is placed in the X-ray beam. 
The three images are reported in Figure 4: a) transmission, b) refraction and c) scattering, where 
the complementarity of these three contrast mechanisms can be observed. Some line-type 
artefact and imperfections can be seen in the images, which are due to defects in the masks’ 
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structure. In these location the illumination model is not accurate anymore and this prevents the 
correct retrieval of the sample parameters. 
 

 
Fig. 4: a) transmission, b) refraction and c) scattering images of a marker pen test object. The sample was 
placed with the longer dimension parallel to the masks’ apertures such that the sample was scanned along 
the shortest dimension. 
 

4. Conclusion 

We presented the concept of asymmetric masks for edge illumination X-ray phase-contrast 
imaging and we showed how the resulting imaging system can provide absorption, refraction 
and scattering contrast imaging by requiring the only movement of the sample. This can be 
advantageous in those situations were the accurate movement of optical elements during data 
acquisition is not feasible or impractical, for example due to robustness constraints on the 
system. A large field-of-view prototype scanning system, based on this new mask concept, was 
recently built. Preliminary results obtained on the new scanner were presented. 
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