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Summary: We describe a method for 3D reconstruction of multi-material objects using propagation-

based phase-contrast tomography (PB-CT) and the homogenous form of the Transport-of-Intensity 

equation (TIE-Hom). Unlike conventional PB-CT algorithms, our post-reconstruction phase-retrieval 

method is applied in 3D to a localised region of the CT-reconstructed volume.  

1. INTRODUCTION 

For the experimental PB-CT regime, Gureyev et al. [1] and Arhatari et al. [2] describe the “single-step” 
phase retrieval and CT reconstruction expression for monomorphous weakly-absorbing objects (PreTIE-

Hom2D): ( ) ( ) ( ) ( )( )( )2 2 2
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Here is the so-called filtered back projection (FBP) operator [3], 
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K  is the “in-line image contrast” function, ( , ) ln[ ( , ) / ]R
inK x y I x y I   −  and /  =  is a material specific 

and spatially-independent (but energy-dependent) constant. Using an explicit form of the FBP operator and 
rearranging the reconstruction equation above we arrive at the following expression, 
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This is the mathematical basis of our new approach for a 3D phase retrieval method for weakly absorbing 
monomorphous objects (PostTIE-Hom3D). As is seen, the phase retrieval step is decoupled from the FBP 
operator, implying that this step can be performed in 3D after the conventional CT reconstruction. 

2. EXPERIMENTAL METHOD 

To evaluate the accuracy and characteristics of the PostTIE-Hom3D method, a computational simulation 
framework was constructed for conventional absorption CT and PB-CT workflows. This framework allows 
for the definition of an analytic 3D model consisting of multiple simple geometric primitives in space 
representing a material defined by its complex refractive index at a given X-ray energy. Simulations for 
PostTIE-Hom3D, conventional absorption CT and the multi-material approach explored by Beltran et al. [4], 
whereby multiple applications of 2D projection-based TIE-Hom phase retrieval (PreTIE-Hom2D) followed 
by FBP CT-reconstruction are performed separately with a value of 𝛾 specific to each material, prior to 
constructing a final “stitched” volume from localised material sub-volumes (Figure 1a). Figure 1b illustrates 
the analogous multi-material workflow utilising the PostTIE-Hom3D phase-retrieval method. 
As is seen, only a single FBP CT reconstruction is required with the TIE-Hom phase-retrieval step performed 

                                                      
* e-mail:   darren.thompson@csiro.au 
† e-mail:   yakov.nesterets@csiro.au 
‡ e-mail:   konstantin.pavlov@canterbury.ac.nz 
§ e-mail:   timur.gureyev@unimelb.edu.au 

mailto:darren.thompson@csiro


in 3D on a smaller region of interest (ROI) which fully contains a sub-volume containing a single material. 
To quantify the relative performance between the two phase-retrieval methods and conventional absorption 
CT, two metrics were chosen, the Contrast-to-Noise ratio (CNR) [5] and a Universal Image Quality Index 
(UIQI) [6] for which corresponding material sub-volumes were compared across the three methods. 
 

3. RESULTS 

 

• The proposed variant of TIE-Hom phase retrieval can be applied directly to localised 3D regions of 

interest consisting of isolated single-material objects within a greater reconstructed volume of the 

distribution of the complex refractive index. 

• It is shown numerically using the contrast-to-noise and universal image quality index that this new 

method achieves improved noise suppression, contrast enhancement and overall quantitatively correct 

results compared to contact absorption-only CT and TIE-Hom phase-retrieval method applied to 

projections prior to CT reconstruction. 

• The proposed method offers significant computational advantages for multi-material samples where 

performing post-reconstruction phase retrieval eliminates the need for multiple CT reconstructions, 

representing the most computationally expensive element. 

• PostTIE-Hom3D phase retrieval can be applied to a conventional CT reconstruction of phase-contrast 

projections, interactively (in real time) adjusting the TIE-Hom parameter 𝛾 and observing the result in 

order to obtain subjective “focus” on a specific material within the ROI. 
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Figure 1: (a) Multi-material PreTIE-Hom2D PB-CT workflow for n materials. (b) Multi-material PostTIE-Hom3D 
PB-CT workflow for n materials 


