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Abstract 

In this paper we present multi-modal image data acquired by Talbot-Lau grating interferometer µXCT (Talbot-Lau µXCT) and 
conventional µXCT devices. Samples are made of carbon fibre reinforced polymers (CFRP) with a copper mesh near the 
surface for lightning conduction. The inspection task includes the detection and characterization of internal defects such as 
pores. We show that the differential phase contrast (DPC) modality is less prone to metal streak artefacts, thus improving the 
detection of pores in CFRP located close to metal components. In addition, DPC shows an increased contrast between pores 
and CFRP matrix. A comparison to a conventional µXCT system with higher spectral energy and to another laboratory Talbot-
Lau system with more degrees of freedom is performed. Furthermore, image quality measures are applied to evaluate different 
spectral data, image fusion concepts are presented for individual inspection tasks and metal artefact corrected data is compared 
to raw data input as well as DPC reference data. 

Keywords: Talbot-Lau XCT, grating interferometer, multi-modal, metal artefacts, carbon fibre reinforced polymers 

1  Introduction and motivation 

X-ray computed tomography (XCT) is an essential imaging technique in order to reveal internal structures in various research 
fields. In 2002, an innovative X‐ray technology based on the Talbot-Lau effect has been first utilized for X-ray imaging using 
monochromatic synchrotron radiation [1-2]. The additional use of a source grating in 2006 has enabled the introduction of this 
technique to polychromatic laboratory X-ray sources [3]. Since then, Talbot-Lau grating interferometer µXCT (Talbot-Lau 
µXCT) laboratory systems have extended the imaging capabilities of conventional XCT systems, which are restricted to 
absorption contrast (AC), with differential phase contrast (DPC) and dark-field contrast (DFC). Up to now, DFC turns out to 
be the key imaging modality for materials science, since it is capable of revealing internal structures and defects such as micro-
porosity or cracks in the sub-voxel region, which can be smaller than the spatial resolution of the respective XCT system [4-5]. 
Talbot-Lau µXCT has further evolved in the last years concerning improved hardware and grating design [6], reconstruction 
techniques and image processing routines [7], while suitable materials science applications have been identified [8-11]. Up to 
now, DPC has proven its usefulness by improved contrast in soft tissue and biological cases [12], but so far there is a rather 
low impact on materials science applications. This paper discusses benefits of all three available image modalities applied to a 
carbon fibre reinforced polymeric system with metal components. 

2  Experimental methods 

2.1. Sample and X-ray computed tomography  

2.1.1 Sample 

The investigated specimen is a carbon fibre reinforced polymeric (CFRP) sample with a copper mesh near the surface for 
lightning conduction. This complex material system consists of stacked fabric layers made of woven carbon fibre bundles, and 
a copper mesh, embedded in a matrix consisting of different resin types. Important material characteristics are the distribution 
and orientation of the fibre bundles, higher density areas within the matrix, and the number and distribution of pores, which are 
caused by trapped volatiles in the resin. The sample dimensions of 9 mm x 4 mm x 20 mm are chosen in order to achieve a 
small voxel size in the range of 10-20 µm, to be able to mount the sample inside the SkyScan 1294 Talbot-Lau µXCT desktop 
system and to ensure, that the specimen is penetrable by X-rays. Although, the maximum penetration length of copper 
elements is below 2 mm, strong artefacts are expected to originate from the copper mesh. The scanning task primarily includes 
the detailed detection and characterization of internal defects such as pores while achieving the best possible image quality.  
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2.1.2 Talbot-Lau grating interferometer X-ray computed tomography 

For this study a commercially available Talbot-Lau µXCT desktop system (SkyScan 1294) from Bruker microCT (Kontich, 
Belgium) using a phase stepping approach has been used to characterize the CFRP sample by extracting AC, DPC and DFC 
modalities. A sketch of the working principle of the Talbot-Lau µXCT setup is shown in Figure 1. A source grating (G0) 
creates an array of line sources, ensuring a sufficient transverse coherence length, while a diffractive grating (G1) causes phase 
modulation of the incoming X-rays resulting in an interference pattern. Since the fringe pattern cannot be resolved directly 
with conventional X-ray detectors, an absorption grating (G2) is placed in front of the detector [3]. G1 and G2 are representing 
the interferometer. The source grating G0 is used to scan transversely across the repeated intensity pattern, called phase 
stepping, resulting in a sinusoidal intensity modulation for each detector pixel. Rotating the sample stepwise in between the 
acquisition of the phase stepping curves allows the tomographic operation. 

 
Figure 1: Sketch of the working principle of a Talbot-Lau grating interferometer XCT setup with source grating G0, phase 

grating G1 and absorption grating G2 (left); image of the actual SkyScan 1294 desktop device (right) 
 
AC is formed due to the attenuation of photons as they pass through the object. DPC is related to the index of refraction and 
image contrast is thus achieved through the local deflection of the X-ray beam. DFC contains the total amount of radiation 
scattered at small angles in forward direction, mainly caused by small internal structures such as pores or cracks. The 
placement of a sample within the optical beam axis will attenuate, refract, and scatter the incoming X-rays depending on the 
material properties and thus perturb the periodic intensity modulations. A Fourier analysis of the intensity modulations of each 
detector pixel is used to simultaneously extract co-registered AC, DPC, and DFC. In this paper, the Talbot-Lau data acquired 
from the SkyScan 1294 system has been reconstructed by a weighted filtered back projection (FBP) algorithm using the image 
reconstruction software from the company Mitos (Munich, Germany). 

2.1.3 Scanning parameters 

The complex multi-material system consisting of CFRP in combination with a copper mesh is a challenging task even for 
experts in the field of XCT, since it is tough to decide which set of scanning parameter is suited best in terms of image quality. 
Therefore, two scans with different spectral energies have been performed for this study (see Table 1), in order to investigate 
the spectral dependency of the three image modalities AC, DPC and DFC provided by Talbot-Lau µXCT. The exposure time 
stated in Table 1 is calculated by multiplying the number of projections, the integration time, the number of phase steps and 
frame averaging. Concerning AC, a low energy scan is expected to have better contrast, but is most probably affected by 
stronger artefacts, originating from metallic components. A high energy scan with additional pre-filtration is expected to 
deliver fewer artefacts, but is also prone to more image noise [13]. In the case of Talbot-Lau XCT systems, two additional 
imaging modalities are available, which rely on different physical effects and the interaction of X-rays with matter. In addition, 
the strength of DPC and DFC depends on the design energy of the system. The design energy is a setup dependent value 
characterizing the energy at which maximum visibility is achieved. Visibility is a common measure for the additional imaging 
modalities DPC and DFC. A decrease in visibility contrast for higher energies has been reported [13], since an increasing 
transparency of the grating bars (with increasing energy) lowers grating efficiency. As a result, the disparity between design 
energy of the system and the effective energy of the applied spectra is increasing. Since the average energy behind the object is 
higher due to beam hardening effects, an additional disparity may decrease the maximum visibility. 
 

XCT systems Image 

modalities 

Scanning parameters 

(tube voltage and pre-filter) 

Voxel size Exposure 

time  

Talbot-Lau desktop µXCT 
system (SkyScan 1294) 

AC, DPC, DFC Preset 2: 35 kV, Al 0.25 mm 
Preset 5: 50 kV, Cu 0.045 mm 

(22.8 µm)³ 
(22.8 µm)³ 

780 min 
420 min 

Talbot-Lau laboratory 
XCT system (EMPA) 

AC, DPC, DFC 45 kV, no pre-filter (41 µm)³ 360 min 

RayScan 250E AC LE: 90 kV, no pre-filter 
HE: 90 kV, 0.5 mm Cu 

(10 µm)³ 
(10 µm)³ 

96 min 
96 min 

Table 1: XCT scanning parameters 
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2.1.4 Reference scans 

Reference scans have been performed with a conventional absorption based µXCT system (RayScan 250E) located at the 
University of Applied Sciences Upper Austria in Wels, which have been used for image fusion, as well as with a laboratory 
Talbot-Lau µXCT setup located at the EMPA in Dübendorf, Switzerland. The scanning parameters can be found in Table 1. 
Absorption based data from reference scans have been reconstructed with a standard FBP algorithm.  

2.2. Image processing 

2.2.1 Image data fusion 

A simple image fusion approach has been used to combine suitable information from different image modalities. Therefore, a 
combination of high- and low-pass filtered AC, DPC and DFC images (see Figure 2 (a)-(d)) with proper image masks (see 
Figure 2 (e)-(g)) is used in order to gain local contrast enhancements for further material inspection. The low-pass filtered 
images are computed by 2D convolution with a Gaussian filter kernel. To obtain the high frequency content of an image, a 
low-pass filtered version of this image is subtracted. The convolution is performed in the frequency domain, with cut-off 
frequencies individually chosen for AC, DPC and DFC. 

 
Figure 2: High-pass filtered DPC and low-pass filtered AC, DPC and DFC images (a)-(d) as well as binary image masks 

mstreaks, mmatrix and mmatrix-high-dense generated from AC (e)-(g) used for image fusion 

The following image fusion framework for this CFRP sample with copper mesh enables the user to decide what kind of 
material features (matrix, pores, and/or fibre bundles) should be enhanced in the fused image by setting the weighting factors 
wmatrix-high-dense, wpores and wfibre-bundles either to 0 or 1: 
 荊fusion 噺 拳pores	岷潔な岫兼streaks	髪	兼matrix岻	∙	DPChigh‐pass 髪 	兼streaks	∙	DPClow‐pass	髪	潔に兼matrix	∙	AClow‐pass峅婀娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶婬娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶娶婉contribution	of	pores 髪 

 拳fibre‐bundles岫兼matrix	∙	DFClow‐pass岻婀娶娶娶娶娶娶娶娶娶婬娶娶娶娶娶娶娶娶娶婉contribution	of	fibre	bundles 髪	拳matrix‐high‐dense	岫兼matrix‐high‐dense	∙	AClow‐pass岻婀娶娶娶娶娶娶娶娶娶娶娶娶娶婬娶娶娶娶娶娶娶娶娶娶娶娶娶婉contribution	of	high	dense	phase  

 

The scaling terms c1 and c2 are introduced to compensate for differences in the grey value range. Values may vary depending 
on the mapping of the grey value images. Binary image masks mmatrix and mstreaks were generated from AC with manual user 
input to exclude air regions of AC, DPC and DFC images, leaving only regions of material visible. Image mask mstreaks contains 
values of 1 only in the area near the copper mesh, whereas the other area is set to 0. Image mask mmatrix contains values of 1 in 
the remaining matrix area. Image mask mmatrix-high-dense covers the higher dense material phase seen in AC within the matrix 
material. It is calculated by thresholding the region of mmatrix, so that the fused image is not affected by incorporating streaking 
artefacts. The binary image masks are low-pass filtered before image fusion in order to achieve a smoother transition area 
between e.g. air and material. Summing up all intensities of low- and high-pass filtered images within the respective masked 
areas, according to the user choice, will lead to the final fusion result. 

2.2.2 Metal artefact reduction 

Additionally, metal artefact reduction (MAR) methods based on sinogram inpainting have been applied, which rely on the 
detection and deletion of the so-called metal trace within the sinogram by segmenting metal parts in an initial reconstructed 
volume by thresholding. A forward projection of the segmented metal parts is used to identify metal areas in the sinogram, 
followed by deletion of the affected areas and the subsequent data completion of missing data by linear interpolation [14]. 
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Meyer et al. [15] reported that interpolation may cause blurring of edges or the formation of streaks, if the transition between 
original and interpolated projection data is not smooth enough. Meyer et al. proposed further modifications applied to basic 
sinogram-based MAR techniques based on an improved interpolation in order to overcome the problems mentioned above. 
These improvements have been successfully applied to medical [16-17] and industrial XCT data [18]. In this study, the so-
called normalized MAR (NMAR) [15] and adaptive NMAR (ANMAR) [16] approaches have been used. NMAR introduces an 
additional normalization step of the projections before and after interpolation by dividing and multiplying a prior image of the 
matrix material to the original sinogram. This leads to a flat sinogram, which can be interpolated in a smoother way. ANMAR 
uses an angular dependent weighting of original and NMAR corrected sinogram. The corrected sinogram is then reconstructed 
and the segmented metal parts are re-inserted into the volume data. 

2.2.3 Image quality evaluation 

For evaluating and quantifying the image quality of different spectral energies and modalities, a modified version of the image 
quality measure Q proposed by Reiter et al. [19] has been used. Q has been originally calculated on the complete histogram of 
one data set. For this study, 2D slice images are sub divided into tiles (see exemplarily Figure 3 (b)) and Q is then calculated 
for the individual tiles with mean values µi,j and standard deviations σi,j according to the tile position i,j: 
 芸沈,珍 噺 |航沈,珍 伐 航待|謬購沈,珍態 髪 購待態 

 

The mean value µ0 and the standard deviation σ0 are calculated in a region of air (see marked area in Figure 3 (a)). Q is similar 
to typical contrast-to-noise ratio (CNR) definitions, but it takes into account both standard deviations σ. Therefore, contrast 
between material and air, strength of artefacts, noise and image blur are contained in Q. The size of the tiles should correspond 
to material related feature sizes such as fibre bundles or pores and has to be set in accordance to the image resolution. The 
individual values for Qi,j are plotted and displayed in a so-called “Q-map” with a modified jet colour bar representation, in 
order to emphasize areas of high Q values. Higher Q values (in red) indicate better image quality in terms of fewer artefacts, 
reduced image noise and increased contrast. Figure 3 shows in (a) an arbitrary generated slice image, which is sub divided into 
tiles (b). Furthermore, (c) shows the corresponding Q-map and (d) a transparent overlay of the Q-map on top of the image.  
 

 
Figure 3: The main principle of the image quality evaluation is exemplarily shown on an arbitrary generated slice image; the 

visual representation is done with so-called Q-maps, based on the calculation of Q values, with tile sizes of 50x50 pixels 

3  Results and discussion 

3.1 Multi-modal image data 

Figure 4 shows multi-modal axial and sagittal slice images acquired with the SkyScan 1294 device for energy preset 2. Each 
modality offers specific insights into the material system, since the Talbot-Lau µXCT method is sensitive to different material 
properties and inhomogeneities due to different interaction mechanisms of X-rays with matter (attenuation, refraction, 
scattering). The following observations can be deduced from the slice images shown in Figure 4: 
  In the case of AC (see Figure 4 (a)), pronounced metallic artefacts are visible due to the limited design energy and 

penetration capability of the Talbot-Lau µXCT desktop system. These artefacts hinder proper sample inspection and 
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failure analysis of areas close to the metallic components. In addition, ring artefacts could not be completely 
corrected. Concerning defect and material analysis, pores and a higher dense material phase within CFRP matrix can 
be detected quite easily.  
 

 
Figure 4: Axial and sagittal slice images showing AC, DPC and DFC for preset 2 (SkyScan 1294) 

  DPC images (see Figure 4 (b)) show in comparison to AC almost no metallic streaking artefacts and yield an 
increased contrast between pores and matrix, which facilitates pore segmentation. Pores, which are located close to or 
in between the copper mesh, are now visible in the corresponding DPC axial slice image. These pores are concealed 
in the AC modality by strong artefacts. Even though the X-ray beam is heavily attenuated at positions of the copper 
mesh, it is still refracted and the interferometer setup is able to detect sample induced changes of the beam directions.  DFC images (see Figure 4 (c)) reveal individual carbon fibre bundles orientated perpendicular to the rotation axis [8] 
as well as small cracks, which cannot be resolved clearly by AC with a voxel size of (22.8 µm)³. Due to the horizontal 
or vertical arrangement of the grating lines, only a certain direction of fibre bundles is contributing to the scatter 
signal. For displaying carbon fibre bundles, that are oriented differently, the sample has to be scanned with a changed 
sample position by e.g. tilting it by 90 degrees [8]. Beneath some minor metal artefacts, there are also some 
reconstruction artefacts within regions of air visible, which degrade image quality. 

 

 
Figure 5: Axial slice images (AC, DPC and DFC) for preset 2 and 5 as well as the corresponding Q maps; Q values at the 

bottom of the greyscale images correspond to average Q values, which have been calculated for the whole image 
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Figure 5 shows axial slice images acquired with the SkyScan 1294 device for two different energy presets, in order to study the 
spectral influence on AC, DPC and DFC. Relying merely on visual inspection, it is generally hard to identify optimal image 
data quality within grey value images. The Q-maps help to reveal differences in image quality concerning preset 2 and 5. In 
addition, the average Q values are shown in the images, helping the user to decide whether to choose preset 2 or 5. For AC and 
DPC, the image has been subdivided into tiles of 4x4 pixels, whereas for DFC, the image has been subdivided into smaller tiles 
of 2x2 pixels in order to match the feature size of the carbon fibre bundles. 
 
For AC (see Figure 5 (a) and (d)), preset 5 shows more regions with higher Q values. There is no real improvement concerning 
reduced metal artefacts for the higher energy preset, since the difference in spectral energies and pre-filtration is not sufficient 
to significantly increase the penetration capabilities and to reduce beam hardening effects. For DPC (see Figure 5 (b) and (e)), 
preset 2 indicates high and homogenously distributed Q values for the complete matrix area. For DFC, a closer look at regions 
that contain carbon fibre bundles (see for example the marked position in Figure 5 (c) and (f)) reveals slightly higher Q values 
for preset 2, since the spectral energy of this particular energy preset is fitting better to the design energy of the system and is 
thus, showing a higher visibility contrast. The Q-map reveals high-contrast regions for preset 2 with less noise and less 
artefacts than preset 5, which is supported also by visual comparison. 

3.2 Image fused data 

Even though the three different imaging modalities separate different material properties and features, it may be useful to show 
all material related features in one single image. For image fusion DPC and DFC data (preset 2) from SkyScan 1294 and AC 
data from RayScan 250E have been used, since AC data from SkyScan 1294 is corrupted with severe ring artefacts, which 
could not be completely removed. Figure 6 shows in (a)-(c) axial slice images of the input data and in (d)-(f) different image 
fusion results based on the concepts and user choices mentioned in Section 2.2.1. In order to combine images from different 
scanning modalities with different sample orientations, a simple best-fit registration step was performed in VGStudio MAX 3.0 
based either on the orientation of the pores within the matrix or on the copper mesh. In order to perform pixel wise operations, 
the SkyScan data has been resampled to the resolution of the RayScan AC dataset. The user can select individual features, 
which should be then visible in the fused image: 
  For fusion example “user choice 1” (see Figure 6 (d)), only pores are displayed in the fused image, based on AC and 

DPC, allowing to focus on the detection of pores and to perform porosity evaluations. 
o weighting factors: wpores = 1, wfibre-bundles = 0, wmatrix-high-dense = 0  The fusion example “user choice 2” (see Figure 6 (e)) contains contributions from pores as well as fibre bundles, 

based on all three image modalities, which should help the user to directly compare positions of pores and fibre 
bundles within one dataset. 

o weighting factors: wpores = 1, wfibre-bundles = 1, wmatrix-high-dense = 0  The fusion example “user choice 3” (see Figure 6 (f)) shows all features from all image modalities including pores, 
fibre bundles and the higher dense phase within matrix material on top of each other. 

o weighting factors: wpores = 1, wfibre-bundles = 1, wmatrix-high-dense = 1 
 

 
Figure 6: Axial slice images (AC, DPC and DFC) as input in (a)-(c) and fusion results based on different user choices in (d)-(f) 

 
The fused images in Figure 6 show more homogenously distributed grey values, while retaining the sharpness and preventing 
the occurrence of streaking artefacts. The users may depict in accordance to their needs either one of the raw data images for 
extracting e.g. quantitative material values or may use the fused image data for exploring interesting material features. 
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3.3 Reference scans and metal artefact corrected data 

Figure 7 shows a comparison between DPC from SkyScan 1294 and AC reference data (RayScan 250E) scanned with a pre-
filter (high energy data “HE”) and without pre-filtering (low energy data “LE”). HE and LE data have been acquired with 
identical exposure times and are corrected by MAR, NMAR and ANMAR approaches without applying any a priori beam 
hardening corrections during reconstruction. Even though the applied MAR and NMAR methods are able to reduce streaking 
artefacts originating from the copper mesh in the case of LE data (compare Figure 7 (b)-(d) in the dotted circles) as well as 
streaks in between the copper mesh, additional interpolation artefacts are introduced (see circles with solid line in Figure 7 (c) 
and (d)). These interpolation artefacts depend on the quality of the segmented metal parts and interpolation. ANMAR 
reintroduces the streaking artefacts due to the angular dependent weighting of original and NMAR corrected sinogram. 
Concerning LE data, the visibility of pores can be only slightly improved for e.g. positions #1 and #3. Pores located close to 
the copper mesh (position #4) may be deleted in the process of sinogram manipulation and cannot be recovered. Pore position 
#2 is also affected by sinogram manipulation and is showing a slight loss in contrast.  
 

 
Figure 7: Axial slice images acquired with SkyScan 1294 (a) and with RayScan 250E without (b) and with pre-filtration (f), 

which have been corrected by three different MAR approaches (c)-(e) and (h)-(j) 
 

The HE scan acquired with additional pre-filtration shows fewer artefacts, which is beneficial for further image processing, but 
the images are also prone to more image noise. In the case of HE data, ANMAR improves the visibility of pores for positions 
#1, #2 and #3, whereas pore position #4 is still not recovered, due to process of sinogram manipulation in areas of metal. 
Calculating the signal-to-noise ratio (SNR) values for a particular region of interest (shown in Figure 7 (a) and (j)) reveals a 4-
times higher SNR value for DPC as compared to corrected HE data. Both LE and HE cannot compete with the image quality 
and detection capability of pores provided by DPC, even if the scan times of Talbot-Lau µXCT and conventional µXCT 
systems would be comparable. For these particular scans (SkyScan 1294 and RayScan 250E), the total exposure times differ by 
a factor of 8. In order to reach a comparable SNR, the AC exposure time would have to be increased by a factor of 16. Even 
though the scanning times for the Talbot-Lau µXCT are also quite high, only DPC offers for this particular material system a 
nearly artefact free inspection of pores, which are located close to the copper mesh. 
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The same sample has been also imaged on the custom-built Talbot-Lau interferometer setup at EMPA. A comparison of 
individual slices can be found in Figure 8. Since the voxel size in the EMPA system is only (41 µm)³, a direct comparison is 
difficult, since the individual copper wires cannot be resolved and the data is not as sharp as compared to the SkyScan system. 
Furthermore, no beam-hardening correction, ring artefact correction or any other image processing has been applied apart from 
a Butterworth-filter to remove the remaining Moiré-stripes. Due to phase wrapping effects and averaging of the phase-jump in 
one pixel the copper wires look dark in the EMPA phase-image, compared to white spots in the SkyScan system. In addition, 
due to the lower resolution the copper wires seem to be larger than in the SkyScan slices. It is more difficult to detect and to 
distinguish if there are pores located close or in between the copper mesh. The layer-like structure of CFRP is however more 
pronounced in the EMPA phase-contrast data. The differences in the DPC datasets are most probably related to the data 
extraction process. DFC data from EMPA reveals similar results concerning individual resolved carbon fibre bundles, but 
pore-like structures are much more emphasized due to a stronger contribution of the dark-field signal. 
 

 
Figure 8: Axial slice images acquired with RayScan 250E (a), and DPC and DFC data acquired with SkyScan 1294 (b)-(c) and 

with a Talbot-Lau XCT system located at the EMPA (d)-(e) 

4  Summary and outlook 

Up to now, DFC has been the key imaging modality for materials science applications (e.g. characterization of foam structures 
[20], damage in polymeric samples [21]), since it is capable of revealing internal structures and defects such as micro-porosity 
or cracks in the sub-voxel region [4-5]. The results concerning multi-modal characterization suggest the applicability of DPC 
to multi-material systems such as CFRP with a copper mesh, further expanding the possibilities of Talbot-Lau imaging for 
materials science applications. DPC provides less metal streaking artefacts, better contrast and less noise, thus, greatly 
improving the detection of pores in CFRP located close to metal components. In addition, DFC can be used to visualize 
individual fibre bundles and emphasizes different orientations. Both additional modalities might be used for further image 
processing and for extracting quantitative material values (e.g. porosity [22] or fibre bundle characteristics [8]). Even though 
the three modalities AC, DPC and DFC separate different material properties and features, we have demonstrated that it may 
be useful to show all material related features in one single image. In our concept, the user is able to define different scenarios 
by setting weighting factors for highlighting different material phases (matrix, pores, and/or fibre bundles). The fused data may 
help the user to detect pores and to directly compare pore positions with the fibre bundles. Further studies concerning 
quantitative data extraction of material quantities will be performed to emphasize the benefits of the individual modalities or 
fused data even more. Although metal artefact corrected data is showing less streaking artefacts and thus an improvement in 
image quality, only the DPC modality, which is extracted by the Talbot-Lau µXCT system can offer a nearly artefact free 
inspection of pores located close to or in between the copper mesh. Even though the scanning effort compared to conventional 
µXCT systems is still quite high (a factor of 4-8), recently presented concepts to make statistical iterative reconstruction 
algorithms feasible for large datasets [23] may help to handle and improve scanning times by e.g. reducing the number of 
projection images during µXCT acquisition. The promising results of DPC applied to multi-material systems may increase the 
relevance of DPC for future materials science applications and expand the currently ongoing basic research to more industrial 
relevance and acceptance. 
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