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Abstract 
 
3D computed tomography has evolved so rapidly in recent years and made such progress 
in acceptance and distribution, that it is now considered to be a standard procedure not 
only in laboratories but as well in production environments. 
The wide range of possible application possibilities predestines 3D-CT as an universal, 
non-destructive inspection method whose advantages nowadays is transferred to 
production. Anyway, boundary conditions in a production environment differ immensely 
from those in the lab. Very fast cycle times down to 15s to 30s lead to dramatically 
reduced numbers of detected X-ray photons, compared to a standard CT. This explains 
the necessity to recall and check again the basic physical relations between photon 
statistics, SNR, contrast, geometrical resolution, cycle time, and last not least facility 
costs, in order to optimize in-line 3D-CT setups. Specially adapted HW, as well as SW 
solutions are required to perform fast and meaningful analyses and measurements. 
The relevant physical parameters for CT measurement and the effect a short measurement 
time has on the measurement and feature extraction of the components being tested will 
be described. We not only discuss this in theory, but will share the experience from 
several successful inline CT installations, e.g. in automotive industry. 
 
1.  Resolutions 
 
1.1 Spatial resolution 
 
Various parameters influence the spatial resolution of a CT imaging system. It is defined 
as the minimum distance between two greatly contrasting, point-shaped objects which 
can still be perceived as being separate. For large magnifications the spatial resolution is 
determined by the size of the focal spot. For small magnifications the resolution is 
determined by the finite width of the detector elements. In addition to the focal spot and 
the detector size, which are the most dominant influences, there are also other influences 
to consider, such as the temperature drift of the components, mechanical inaccuracies of 
the manipulation system or artefacts. 
 
1.2 Contrast resolution 
 
In addition to the spatial resolution, the contrast resolution of an imaging system such as 
a CT must be especially considered. This is at least as important as spatial resolution, if 
not more so. After all, object details must first be detected before their exact size can be 
determined and other evaluations conducted. 
The contrast resolution of a CT is greatly determined by the effective dynamic range of 
the detector being used. This is defined by the number of theoretically resolved gray 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

22
87

8

https://creativecommons.org/licenses/by-nc/4.0/


 2 

values divided by the residual noise of the detector electronics. If the resulting gradation, 
i.e. detector dynamics, is too low, small differences in thickness can no longer be 
perceived. 
In computed tomography, rotating the object allows the x-rays to pass through even very 
small object thicknesses, especially at the edges and corners, as well as the maximum 
diameter of the object, i.e. the maximum total wall thickness. Therefore, the dynamic of 
an X-ray detector necessary for CT is always much higher than the dynamic necessary 
for a 2D-inspection in which the object is ideally aligned. 
In practice, the actual limitation of the contrast resolution is often not determined by the 
depth of digitization, but rather the noise. If the signal-to-noise or the contrast-to-noise 
ratio (SNR or CNR) isn’t large enough, small and low-contrast details will inevitably get 
lost in the noise. Noise can be caused by scattered radiation and detector noise, but also 
an insufficient number of detected X-ray photons. Low X-ray power in particular often 
leads to very bad photon statistics and one can more or less see the Poisson noise of the 
X-ray tube 
 
2.  Requirements in a Production Environment  
 
Incorporating a fast 3D-CT system in a production line comes with an array of unique 
challenges, all of which are closely tied to what was previously mentioned. The usually 
very short production cycle, in particular, is just one of these challenges. For a laboratory 
inspection system, it is completely acceptable if a CT scan takes between 15 minutes to 
an hour, depending on the resolution. Production, on the other hand, typically requires a 
scan in less than 60 seconds. Cycle times (and thus scan times) of 15 to 30 seconds are 
the norm for the inspection of light alloy castings or plastic components, for example. 
Furthermore, the hardware of a 3D-CT system must be robust, able to run 24/7, and 
require little to no maintenance in order to avoid stoppages and downtimes. The initial 
investment costs also play an important role and must not be too high in order to minimize 
the test cost per component. All of this must be considered when putting together a 
concept. 
 
3.  Consequences for 3D-CT scans 
 
The very short time available for measuring as described above, leads to a dramatic 
reduction in detected X-ray quanta in comparison to a CT scan in a laboratory and thus 
a very poor SNR. This must be counterbalanced so that the object characteristics of 
interest can still be detected. 
All this has stron influence on the hardware setup, namely collimation, choise of X-ray 
tube, X-ray energy, filtering setup and choice of X-ray detectors. 
 
4.  Automated inspection 
 
Of course, a 3D-CT data set must not only be measured and reconstructed in the 
production cycle, but also automatically evaluated. It is imperative for the acceptance of 
such inspection systems that the users can create the inspection procedures themselves, 
without the help (and cost) of external service providers, as well as reconfigure them at 
any time for other applications. Because of the generally poor SNR, all analyses must be 
much more configurable than generally required for a standard laboratory system. Only 
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so can the users react to different image qualities and adapt the analyses accordingly. It 
goes without saying that all analyses are automated, combinable, and able to be tolerated, 
so that nothing stands in the way of an automated evaluation ending in an automatic good-
bad decision. 
In general, every automatic evaluation must be easily scalable. In other words, should an 
evaluation take longer than the preset production cycle when run on a single evaluation 
computer, more evaluation computers must be able to be easily incorporated. This is also 
necessary in case a computer is lost due to a technical defect. Software should be able to 
autonomously distribute the calculation tasks without requiring input from the user. This 
is the only way to guarantee redundancy and reliability, both of which are imperative in 
production. 


