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The FleX-ray Lab
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Selected Highlights



Cultural heritage & natural history 







Michelangelo…or not?



Explorative imaging



Explorative imaging



RECAST3D

• Real-time quasi-3D reconstruction and 
visualization of arbitrary slices

• Plugin infrastructure for on-the-fly analysis
• Active experimental adaptation & control 



Did someone say live demo?



Well…Murphy’s law



Dynamic real-time imaging 
and scan adaptation



Imaging dynamic processes



Imaging dynamic processes



AI in tomography

• data collections
• scaling
• robustness

• task-adaptation
• software coupling  
• real-time



Open data collections for 
machine learning



Open data collections for 
machine learning



Open data



On-the-fly Machine Learning 
for superresolution



Efficient ML-based large-scale 3D 
tomography



Benchmarking AI



Imaging for the Industry 4.0



Emulation of X-ray light-field cameras



Emulation of X-ray light-field cameras



Martin Fransen

Nikhef

Looking at colours the eye can’t see

Spectral X-ray imaging with Medipix3 in FleX-ray



Conventional X-ray image

X-ray source

(broad spectrum)

X-ray detector

grey scale image



X-ray transmission
Unique for each element!

7 μm Copper

20 μm Titanium

100 μm Aluminium



X-ray transmission

• Easy to identify materials, right?

• Not with conventional X-ray imaging, pixels 
record total amount of X-ray energy!

→ about the same shade of grey.

Also:

• Spectrum changes as X-rays traverse 
sample → beam hardening.

• Response to thickness and density 
variation is sensitive to thickness and 
density itself!



X-ray detection

• Easy to identify materials, right?

• Not with conventional X-ray imaging, pixels 
record total amount of X-ray energy!

→ about the same shade of grey.

Also:

• Spectrum changes as X-rays traverse 
sample → beam hardening.

• Response to thickness and density 
variation is sensitive to thickness and 
density itself!

Possible detector improvements:

• Photon counting (increasing ‘weight’ of low energy 
photons for better contrast)

• Even better: Measure each photon’s energy

Common alternative: modifying X-ray spectrum 
by means of ‘colour filters’. Some drawbacks:

• Limited choice in energy bands

• Lower X-ray intensity

• Multiple scans for multiple energy ranges

• …



(Spectral) X-ray imaging with ‘Medipix3’ 

Medipix3 detectors (electronics developed at Nikhef). 

• Each absorbed X-ray photon releases charge proportional to it’s energy.

• Charge detected by pixels → detecting individual X-ray photons.

• Set 8 different detection thresholds → 8 energy bins.



From grey scale to spectral

Metal foils (sample 3 x 3 cm).

Mo

Cu

Brass

Cd

Steel



X-ray energy scan

Small egg.

5 keV 30 keV

Metal foils.

5 keV 40 keV



Example 3d CT reconstruction



Beam hardening and CT scans

35 keV full spectrum. 16-20 keV band.

Density gradient? Nope!



Medipix3 in FleX-ray

• Photon counting and energy binning.

• In addition to conventional X-ray 
imaging.

• Medipix3 detector in FleX-ray cabinet.

• Medipix3 based micro CT scanning 
set-up @ Nikhef.



The Future



A collaborative platform



Adaptive scanning



Quantitative imaging
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Section a: Extended Synopsis of the scientific proposal  

X-ray computed tomography (X-ray CT) is used in many applications to inspect the interior of objects. A 

prime example is medical CT, where X-ray radiographs are taken of a patient from all angles. The resulting 

data can be used to render a 3D reconstruction of the patients’ body and reveal internal anatomical features. 

The same technique is used in many other applications, including materials science, geosciences, non-

destructive testing, life sciences and cultural heritage [1]. Classical methods for tomographic image 

reconstruction deliver qualitative images of the internal structure of objects, and do not provide any 
information on the reliability of the images. However, support for subsequent analysis and decision-making 

requires quantitative estimates and their corresponding uncertainties [2], [3]. This is particularly important in 

automated (AI-driven) image analysis.  

 
In this project, I will develop a new paradigm for quantitative tomographic image reconstruction 

(QUANTOM) which will deliver estimates of physical quantities of interest and their uncertainties. This 

will allow not only visualization of the 3D internal structure of objects, but also rigorous analysis of its 

material composition. QUANTOM will thereby dramatically increase the usability and reliability of 

such images in a range of relevant applications. An example is shown in figure 1. 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

Background and state-of-the-art 

3D image reconstruction for X-ray CT dates back to the 1970s, when X-ray CT was conceived. The first 

reconstruction techniques were based on an idealised model of X-ray physics and required high-quality 

measurements from all around the object. The resulting image reconstruction can then be done using the so-
called Filtered Back Projection (FPB) technique; this yields qualitative images that can be calibrated to match 

certain reference samples [4]. A next wave in CT reconstruction was based on a more explicit mathematical 

model of the X-rays and allowed for image reconstruction using iterative techniques. A benefit of these 
methods is that they can be applied to noisy and subsampled data [5]. In the past 20 years, these iterative 

methods have been greatly improved and allow for incorporating various kinds of prior information on both 

the noise and the images [6]. Recent developments in the field of X-ray CT focus on several aspects, most 
notably: 

• real-time reconstruction and visualisation [7], to be able to adapt the scanning process on-the-fly. 

• deep learning for image reconstruction [8], to learn to optimally reconstruct a certain class of objects. 

• classical uncertainty quantification [9], to generate sample images for a given dataset. 

• Spectral CT [10], to extract quantitative material characteristics from spectral CT data. 

Currently, these developments are taking place in different subfields of imaging (mathematics, computer 

science, physics). What is needed is a unifying framework that encompasses quantitative imaging and 

uncertainty quantification. In particular, uncertainty estimates are absolutely necessary for proper 
interpretation and analysis of quantitative images. 

  

 
          (a)                                          (b)                           (c)            (d) 

Figure 1. Example of qualitative vs. quantitative image reconstruction. A 2D slice of the ground-truth sample is 

shown in (a). The corresponding classical tomographic reconstruction (b) shows the contrast between different 

materials but does not give any information on the physical properties of the sample, nor the associated 

uncertainties. A quantitative reconstruction (c) does give an estimate of the physical quantities and its 

corresponding uncertainty, for example in the form of the distribution of the value of a single pixel or the 

correlation between neighbouring pixels (d). 
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