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Abstract 
The aim of this study was to do a simple evaluation of some of the scan settings and processing that can effect the uncertainty 
from CT measurements in an industrial setting. For this purpose, the CT data from a steel sphere was investigated. Four 
different parameters were tested; number of projections, voxel size, effect of beam hardening correction, and software used for 
measurement. From the results, it could be seen that the amount of projections had no effect on the measurements, whereas the 
software and beam hardening correction had a significant effect. The voxel size was shown not to have an effect as long as the 
ratio between the voxel size and the sample size was below 0.017.  
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1  Introduction 
Computed tomography (CT) is a unique technology when it comes to performing measurements on both internal and external 
structures. However, CT does not provide traceability to SI, and even though general guidelines have been formulated [1], 
there are currently no standard for measurements using CT. To date many different studies have been published, looking into 
the uncertainty contributions of different aspects of the technology, trying to determine the best possible uncertainty strategy 
[2,3]. Many of these studies use the best possible scan setting, but in an industrial environment time is the limiting factor, and 
optimizing the scan settings accordingly becomes critical. The purpose of this study was to investigate if some of the time 
increasing parameters would affect the measurements from CT data. The aim was to evaluate which parameters should be 
taken into account when working with uncertainty from CT measurements in an industrial setting, not to provide a detai led and 
complete uncertainty budget for the specific reference. Four different scan parameters have been investigated (projections, 
beam hardening, voxel size and measurement software) using a steel sphere (Ø8.997mm) as reference.  
The number of projections have a large influence on the scan time and the visual appearance of CT results, but it is important 
to determine if it also has an influence on measured results. The possibility of scanning several samples at once is an easy way 
to optimize the scan time, however, this would affect the the voxel size with respect to the sample size. In theory a larger voxel 
seize would increase the uncertainty from the surface determination, however with today’s CT software, the effect might be 
limited. In this study, the voxel size was investigated using different zoom steps in the CT scanner, thereby changing the ratio 
between the voxel size and the size of the part. When scanning high-density materials, beam hardening should be considered. 
The CT scanner used in this study (Metrotome 1500) has a built-in beam hardening correction algorithm that can be applied 
during the reconstruction, and this reconstruction was therefore included in the study as well. Measurements were carried out 
using two different software packages, Calypso (Zeiss Software) and VG Studio Max (Volume Graphics Software). These 
have different built-in surface determination algorithms, and the subsequent measurement strategies used are different as well, 
both of which could result in differences in results. 

2  Experimental 
In order to have a comparable reference standard, the steel sphere was measured ten times using a ULM (Universal Length 
Measurement Machine), with an uncertainty in the micrometer range. The mean of the measurements (Ø 8.997mm) was used 
as reference. The reference standard was then scanned in the CT scanner, using af 0.25mm cubber filter, and analyzed using 
the two different software packages. The scan parameters investigated were projections, beam hardening and voxel size 
(placement on the X-axis), see Table 1.  
 
Projections 400, 600, 800, 1440, 2100 
Software Calypso, VG Studio Max  
Voxel Size X=100 (voxel size = 0.028mm) to X=1200 (voxel size = 0.32mm) 
Beam Hardening - 
Tube Settings 190kV / 275µA 
Detector Settings 1024 x 1024 pixels 
Table 1: Scan settings and parameters analyzed         

3  Results 
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In Figure 1 A, the effects of projections, software and beam hardening are shown. The diameter has been measured twice in 
each software to check for repeatability (VG 1, VG 2, Cal 1 and Cal 2), and is shown as a function of the amount of 
projections. Cal 1 and Cal 2 are overlapping, which is the reason why Cal 1 cannot be seen in the plot. The last point in the plot 
(2100 Beam) show the effect of using beam hardening in the reconstruction of the scan with 2100 projections. In general, 
correcting for beam hardening should make the result more accurate when measuring high density material. However, this is 
not the result seen here, where the measurements increase significantly. This tendency was seen for all projections tested (not 
shown here). It can be difficult to conclude if the effect is caused by the specific beam hardening correction used in the 
machine or if the algorithm itself is troublesome. This is definitely something that should be investigated further on a 
calibrated work piece before applying beam hardening in an industrial setting. The software used to measure the diameter has a 
significant effect on the measurement. Calypso measures a smaller diameter than the reference standard, but the measurements 
are still closer to the reference than the diameter measured in VG Studio Max. This could be an effect of the specific sample, 
the material, surface etc. Calypso is only intended for metrology purposes, whereas VG Studio Max has a much broader use, 
fiber analysis, defect analysis, wall thickness etc. The choice of software depends on the purpose of the scanning. When doing 
standard measurements, Calypso seems to give results that are more reliable. However, It should be investigated further if the 
difference seen between the two software packages are a general thing (which could then be corrected using a correction 
factor), or if it only applies to this specific sample.  
The number of projections, while effecting the visual appearance of the scan, was not shown to have a significant effect on the 
measurement. This is probably due to the fact that even with a low number of projections, the point clouds are still rather well 
defined, and the software used for the analysis have very good surface detection algorithms, which will adjust for a lack of 
points. Thus, decreasing the number of projections, and thereby decreasing the scan time in an industrial setting would not 
necessarily affect the accuracy of the measurements.  
In Figure 1 B, the effect of the voxel size is shown. From the plot, it can be seen that the voxel size does not have an impact on 
the measurements when the voxel size is below 0.10 mm (X400). However, when the voxel size increases to 0.16mm (X600), 
which in this case means approximately 0.017 of the sample diameter, the measurements are affected. From this, it can be 
concluded that the ratio between the voxel size and the sample size should be taken into account when setting up the scan. 
However, in order to get a better understanding of this relationship, more tests should be conducted. 
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Figure 1: A) The diameter measurement of the metal sphere using VG Studio Max (VG1, VG2) or Calypso (Cal 1, Cal 2)) is plotted with respect to the 
number of projections (400 – 2100) and beam hardening reconstruction (2100 Beam). With the number of significant digits used, the measurements done in 
Calypso overlap completely, and Cal 1 is therefore not visible in the plot.  B) The effect of the voxel size on the radius measurements. The radius is plotted as 
a function of the placement on the X-axis in the scanner.  

4  Conclusion 
From the study, it could be concluded that when trying to determine uncertainty budgets for CT data in an industrial 
environment, the amount of projections used in the scan does not need to be considered. However, the software used as well as 
the voxel size with respect to the sample size should be considered. Last, but not least, using a data modification such as beam 
hardening, was shown to have a very large effect on the measurements, and the user should therefore be very conscious of how 
and when such techniques are used.  
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