
Increasing performances of phase contrast imaging at the 
clinic by reducing statistical noise. 

Background 
X-ray Phase-Contrast Imaging (PCI) is an emerging imaging modality that uses the 
refraction property of X-ray. Because refraction index can be up to 2000 greater 
than its counterpart absorption, PCI have seen rapid developments in the last 
decades due to its superior performances for imaging soft tissue and its ability to 
provide complementary information compared to traditional attenuation–based 
imaging (see image below). 

Comparison of a dedicated to cartilage MRI sequence (a) PCI (b) and conventional CT (d) of a cadaveric human 
wrist from a subject suffering from chondrocalcinosis. Semi-quantitative comparison made by 6 independent 
radiologist or rheumatologists (c) with a representation of the standard deviation. (e,f, and g) presents zoomed 
insets of the image (b). The different cartilage matrices are delineated and one can observe more and smaller 
microcalcifications caused by the chondocalcinosis that this subject presented. The unprecedented sensitivity 
shown in the nerves gives also hope for a reliable evaluation of carpal tunnel syndromes. 

Most of PCI methods require coherent beams and are mainly performed at 
synchrotrons. For the past few years, we have developed a technique, named 
Speckle Based Imaging [1][2], for the transfer of PCI on conventional sources. This 
technique is rather simple from an experimental point of view but requires further 
improvements for clinical applications. Speckle based Imaging is based on the 
introduction of a membrane that creates a random spatial modulation of the X-ray 
beam. By comparing the modulation changes between an image with the sample 
and another without, we can retrieve the absorption, the refraction and the 
scattering of the sample.  



Goal of the Internship 

One of the main challenges for clinical application is the radiation dose deposition. 
In order to limit the irradiation of the patient, images must be taken with a limited 
flux and exposure time. The issue with those limitations is the appearance of a 
noise on the image called “shot noise”. It follows a poissonian law and is due to the 
random process of discrete photons hitting the detector. That noise, directly visible 
on direct acquisitions or attenuation images is a source of heavy artifacts on phase 
retrieved images and can be confused numerically with the spatial random 
modulation. 

The main goal of this internship is to find the optimal algorithms that filter the 
Poisson statical noise on top of the random modulation in order to optimise the 
image quality in case of low photon statistics.  

X-ray experimental images will be available along with a simulation tool that would 
allow to create customized acquisitions to study. 

Depending on the profile and taste of the trainee, a work on other aspects of the 
project can be considered. 

The traineeship to be performed includes the following steps: 
• Familiarization with X-ray Phase Contrast Imaging and especially with SBI 

using both synchrotron light and conventional sources 
• Familiarization with the simulation tool 
• Bibliographic research about existing Poisson noise filtering processes 
• Implementation and tests of different possible filters 
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