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Abstract 

 

Dual Energy techniques allow an estimation of the effective atomic number and electron density through identification of the 

photoelectric and compton scattering components in the attenuation coefficient. However in the context of material identification, 

it is substantially more usefull to try and identify the material type and the thickness of the sample under investigation. Several 

simulation tools have been developed at the “Centre for X-ray Tomography” of the Ghent University (UGCT) which aid in this 

analysis. The effectiveness of the algorithm to identify the material type and thickness of the sample relies on two main factors. 

Two measurements need to be done with two setups which have essentially a different effective energy. The more these effective 

energies differ, the more contrast is obtained between different materials. On the other hand, the noise on the transmission values 

needs to be minimized. For this reason an optimization criterion is proposed which incorporates both factors. 
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1 Material identification using dual energy radiographic images 

Recyclying is a key component in the context of waste management. However in order to successfully recycle large portions of 

waste, a good characterization of the waste stream is required. For this reason an attempt was made at using dual energy 

radiographic images in order to identify and classify different materials. It is not only important to identify the material type, but 

also determining the thickness and/or density can be usefull. 

 

In order to estimate the material type and thickness of a sample, two transmission measurements need to be made. For this 

purpose a dual-layer detector setup is used. It consists of a line detector primarily sensitive to low energy X-rays in the front and a 

second line detector installed behind the former. The second detector is preferable very sensitive to high energy X-rays. The first 

detector behaves as a filter in front of the latter and additional filters can be installed in front of both detectors. Using this setup, 

two transmission measurements can be made simultaneously using a single X-ray tube.  

 
Figure 1: Material Curves for atomic numbers Z=1 to Z=20. The log measurement for the low and high energy measurement are 

plotted on the x- and y- axis, respectively. The noise on the curves is omitted. 

The main techniques used in material identification are based on decomposition methods as introduced by Alvarez et al. [1]. With 

this technique the effective atomic numer and electron density can be determined. Here we are more interested in the material type 

and the surface density of the sample. The identification procedure used here is based on a statistical analysis [2]. Prior knowledge 

of the materials in these streams can be used. 

 

For each material, which needs to be identified a step wedge is constructed, which is analyzed in the dual-layer setup. The 

transmission measurements produced by the dual-layer setup are plotted in the measurement plane. This plance consists of the 

log-measurement of the low and high energy-measurement on the x- and y-axis respectively. Each material will be characterized 

by its own specific curve in this plane, and generally these curves will not intersect. A dual-layer setup was simulated using the 

tools available at the UGCT lab, virtual step wedges were created and a virtual measurement was performed [3]. The results of the 

simulation are shown in figure 1. 
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The created step wedges can be used to recreate these material curves and use them as an identification tool. The noise on the 

measurements can be included in the curves. When an unknown sample is scanned, the measurements are compared to the 

different curves and a best fitting match is selected using a maximum log-likelihood algorithm. The result is an estimation of both 

the material type and the product of thickness and density. 

2 Optimization of the Setup 

The effective energy of a typical scanner setup depends not only on the spectrum emitted by the X-ray source, but also on the 

detector. The efficiency of the detector is energy dependent which has the effect that two different detectors will generally observe 

a different spectrum even when the same X-ray source is operated under the same conditions. Several tools are available at the 

UGCT lab which allows to simulate the spectra produced by X-ray tubes and to calculate the response files of the different 

detectors available [3][4]. A good understanding of these properties is important as they have a strong effect on the effective 

energy of a measurement.  

 

A good contrast between different materials, and thus a better material identification is mostly controlled by the effective energy 

of the two measured spectra in the dual-layer detector. The more these differ, the higher the contrast between different materials 

will be. In the measurement plane this translates into a bigger distance between the curves of different materials. A high seperation 

in effective energy can be achieved by placing a thick filter in front of the second detector. This has the effect that all the lower 

energy X-rays will be absorbed in the filter, while only a small fraction of the higher end of the spectrum will penetrate it. 

Unfortunatly this will greatly increase the noise in the detector and this ofcourse impedes the identification process. 

 

A compromise has been found between the noise level and maximizing the difference in effective energy and a criterion variable 

was constructed. This allows for an optimization of the complete setup in order to maximize material identification. Using the 

simulation tools available, a large set of combinations can be quickly analyzed virtually. All possible combinations of four 

different low energy detectors, 10 tube energies and 15 filters were considered. This results in 600 different setups which were 

analyzed. A Monte Carlo simulation was performed in an attempt to verify the correctness of the criterion variable. For each 

setup, 1000 measurements were simulated and the success rate of material identification was determined. The results are given in 

figure 2. It can be clearly seen that indeed the success rate is strongly correlated to the criterion variable. 

 
Figure 2 : The X-axis contains all the different setups, on the Y-axis the criterium variable and success rate are compared for each 

setup. A clear correlation is visible between the two. The blue vertical lines indicate the use of different low-energy detectors. 
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