
7th Conference on Industrial Computed Tomography, Leuven, Belgium (iCT 2017) 

www.iCT2017.org 

In-line non-destructive evaluation of food with X-ray computed tomography using a 

non-standard conveyor belt trajectory 

Thomas De Schryver1, Jelle Dhaene1, Manuel Dierick1, Matthieu N. Boone1, Eline Janssens2, Jan Sijbers2, Mattias van Dael3, 

Pieter Verboven3, Bart Nicolai3, Luc Van Hoorebeke1 

1UGCT-RP, Dep. of Physics and Astronomy, Ghent University, Proeftuinstraat 86, Ghent, 9000, Belgium, e-mail: 

Thomas.DeSchryver@ugent.be 

2iMinds-VisionLab, Dep. of Physics, University of Antwerp, Universiteitsplein 1, Antwerp, 2610, Belgium 

2MeBios, Dep. of Biosystems, KU Leuven, W. de Croylaan 42, Heverlee, 3001, Belgium 

Abstract 

This work assesses the viability of an alternative X-ray CT acquisition geometry, which combines a rotation with a simultaneous 

lateral translation of the scanned object in between a stationary source and detector, towards its application as a non-destructive 

evaluation technique in a continuous throughput in-line setting. The geometry was both simulated and realised as a mock-up 

prototype, by installing an add-on module on one of the scanners at the “Ghent University centre for X-ray Tomography” 

(UGCT). The quality of the resulting CT images is quantified by the smallest visible features sizes, obtained through a spectral 

analysis of the Signal-to-Noise-Ratio (SSNR). By plotting the smallest feature sizes with respect to throughput, and as a function 

of the horizontal travel and the number of projections, it can be concluded that larger inspection stations can handle a higher 

throughput. In particular for food samples, this amounts to a practically usable throughput of up to 5 samples per second, at a 

±0.7 µ𝑚 resolution.  
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1 Introduction 

2D X-ray radiographic imaging has become a common practice in food industry to detect defects in food products. However, in 

some applications internal defects can not be distinguished on single point of view projection images. While in these applications 

a full 3D CT visualization does prove to be successful, the imaging process itself should not compromise the desired throughput 

and at the same time preserve enough image quality to ensure defect detectability. The resulting trade-off between the signal-to-

noise ratio (SNR) and the acquisition speed is one of the main reasons why 3D X-ray CT has not yet touched ground as an 

inspection tool in food industry, next to the computationally intensive reconstruction and image analysis stages which complete 

the imaging chain. This work focusses on an alternative CT acquisition geometry, as a solution to in-line non-destructive 

evaluation in a continuous high throughput setting. 

2 The conveyor belt CT geometry 

A schematical top view of the geometry, which combines a rotation with a simultaneous lateral translation of the scanned object 

in between a stationary source and detector, is shown in figure 1. The parameters for this setup, most importantly the rotation 

angle (𝜃), are fixed through the following equations 
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in order to produce a Tuy-Smith compliant acquisition, i.e. which allows for an exact CT reconstruction of the central plane [1]. 

         
Figure 1: Top view schematic defining the parameters in the conveyor belt geometry. The object translates parallel to the detector while it 

rotates about an axis which is perpendicular to the top view plane and thus to the translation axis. 

3 Simulated and prototyped hardware implementation 

Simulations of the conveyor belt geometry were performed with a realistic, polychromatic X-ray projection simulator [2], which 

accurately models the Poisson noise behaviour. For these simulations a digital phantom was extracted from a high resolution CT 
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scan of a test sample (here an Elstar apple), which was also scanned with a hardware mock-up for the conveyor belt setup. The 

hardware mock-up was built as an add-on module to an existing UGCT scanner, by adding an extra rotation stage and detector 

(see figure 2.A). Moreover, the CT reconstructions of the simulated and real mock-up scans turn out to agree very well (figure 

2.B and 2.C). 

         
Figure 2: (A) A picture of the mock-up realisation of the conveyor belt geometry. An add-on module, with an extra flat panel detector and 

rotation stage, was installed on an exisiting scanner. The reconstructions (570 by 570 pixels) of the CT data (500 projections) acquired 

through simulation (B), are in good agreement with the ones from the mock-up (C). 

 

4 Quality versus throughput 

The image quality was quantified through a measure for the image resolution, determined by the image frequency at which the 

SNR breaks down [3]. By putting forward a desired throughput and resolution, the number of projections (𝑁𝑝), indicative for 

scan duration, and the translation distance (H), indicative for the size of the inspection station, are determined by plots such as 

the one from figure 3. 

         
Figure 3: Image quality in terms of resolution with respect to the effective throughput of a (simulated) CT conveyor belt inspection station. 

5 Conclusion 

Based on a simulation and hardware mock-up study of the conveyor belt CT geometry, the latter has proven to be a viable 

solution for in-line non-destructive evaluation. From figure 3 it can be concluded, as a general design consideration, that larger 

inspection stations can handle higher throughputs. For the apple sample in particular, the throughput reaches up to the practically 

range of about 5 samples per second, at a ±0.7 µ𝑚 resolution. 
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