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Abstract. Computed tomography (CT) is getting more and more interesting for 

production-integrated inspection of all kind of parts. The reduction of rejects due to 

the three dimensional location of defects is often the main goal of using CT instead 

of radioscopy. Compared to CT systems used in laboratory environments the 

production-integrated CT solutions – also known as Atline- or Inline-CT – have to 

fulfill very high demands concerning throughput, flexibility, and stability. In 

addition, the costs for purchase and maintenance must be lower than the savings 

achieved by reducing rejects. Currently available systems on the market fulfill these 

criteria only partially, especially low costs for purchasing and maintenance.  

 In this contribution we present a novel handling concept for CT systems which 

is particularly suitable for Atline- and Inline-CT. The main idea is to use only one 

handling system for moving the part inside and outside of the radiation protection 

cabin. A robot performs not only the handling of the part between the conveyor and 

the CT system. Also the rotation of the part during the CT scan is done by the same 

robot. This ensures a high throughput because no handover between two 

manipulation systems is necessary. Since a robot can be taught very easily to handle 

all kind of parts the new concept provides a high flexibility. Compared to standard 

CT systems no linear and rotation axes are used. Therefore the system gets very 

stable concerning hardware defects or misalignments. Using a small radiation 

protection cabin and only one manipulation unit instead of many axes yields lower 

coast for purchasing and maintenance compared to standard Inline-CT systems. 

 A prototype system using the new handling concept will be presented in this 

contribution. Also the performance of the system concerning throughput will be 

shown by means of an aluminium part from automobile industry. 

 

 

1 Introduction  

Apart from the detection of defects, the analysis of components applying computed 

tomography (CT) is also enabling the precise localization and determination of size and 

form of those defects. Thus, with the help of CT, it becomes possible to assess whether a 

defect is really critical with regards to the quality criteria of the manufacturer. At present, 

however, the application of CT close to or integrated into the production process, also 

called Atline- or Inline-CT, is not yet economically viable for many components.  

At present, few two-dimensional (2D) X-ray images of the components to be inspected are 

acquired for an inline-inspection and these are analyzed for the aforementioned defects. 

Due to its high speed this method is enabling a 100%-inline-inspection, i.e. the analysis is 

part of the production chain and is applied to every part manufactured. The generation of 
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X-ray images is happening according to the principles of shadow casting: if fewer material 

is irradiated due to discontinuities, this can be seen in the X-ray image. However, form, size 

and exact location of a defect inside the component can only be determined with limited 

precision. Thus noncritical defects may still result in the rejection of a component. This, for 

example, relates to components with defects in areas that are to be removed in subsequent 

production steps. 

The important features of the solution described hereafter are the reduction of inspection 

time and of original and maintenance costs. This way the investment into such an 

inspection system becomes profitable in many fields of application due to the reduction of 

rejects. The developed inline-CT system with the new handling concept (HeiDetect Inline 

CT Compact R) addresses exactly these problems. 

2 Standard Market Solutions 

 

The standard market solutions for atline- or inline-CT currently available are usually based 

on a standard lab-CT concept (Nikon, GE[1], Zeiss [2]) or medical gantry-CT solutions 

(GE). Those systems require additional expensive components and modifications for 

automation. In a classical lab-CT setup, the specimen is positioned between X-ray source 

and detector on a mechanical system consisting of linear axes and turntables. During 

radiography the specimen is moved along a given trajectory. For automation, the lab-CT 

setup is expanded by a handling system. This is mostly accomplished by using an industrial 

robot or by expanding a conveyor belt via a bypass.   

3 Novel Handling Concept 

 

The new technological concept (compared to conventional inline-CT systems) is employing 

a different, simplified handling method and a more compact system design having the 

following properties: 

 

•  small initial and low maintenance costs. 

•  fast testing - high throughput 

•  flexible workpiece handling - different component sizes and materials 

•  direct integration into the production line 

•  space-saving system dimension 

A comparison of a conventional inline-CT system and a system employing the new 

handling concept is shown in fig. 1.  
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Fig. 1. Comparison of a conventional inline-CT system “HeiDetect Inline CT Compact C“ (left) and a system 

with the new handling concept “HeiDetect Inline CT Compact R” (right). [3] 

 

 

The solution we have developed is characterized by reducing the number of components by 

means of combining the manipulator system with the loading system, also resulting in a  

reduced size of the required radiation protection cabin. A simple integration into existing 

production lines is possible without high costs and technical modifications (see Figure 2). 

Compared to current systems, the described solution can therefore be produced much 

cheaper, is more easily integrated and is simultaneously faster. 

 
 

Fig. 2. A highly integrated system solution can be produced much cheaper, is more easily integrated and is 

simultaneously faster than conventional systems. 
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4 Proof of Concept 

The feasibility of the concept was proven by a lab-CT system developed at Fraunhofer 

EZRT consisting of an industrial robot and standard X-ray components (see Figure 3). The 

system is employing similar components as an inline-CT system developed also by 

Fraunhofer EZRT[4]. 

 

•  Fraunhofer XEye 4020 (DRZ High, 200 um Pixel Pitch) [5] 

•  COMET MXR-225HP/11 (1.6 kW,  Focal Spot 1 mm (EN 12543 mm), 225 kV) 

•  KUKA KR 30 HA (6 Axis Robot, 30 kG Payload, repeatability  <± 0.05 mm) [6] 

 

Acquisition geometry and parameters have been exactly chosen in accordance to this 

system: FDD = 800 mm, FOD = 660 mm, Voxel size 330 um, 390 projections, integration 

time 42 ms. 

 

  

 

 

 

Fig. 3. Lab-CT system developed at Fraunhofer EZRT consisting of an industrial robot and standard X-ray 

components.  
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After global calibration of the industrial robot towards the lab-CT’s coordinate system the 

translatory and rotary offsets were determined according to a calibration method developed 

at Fraunhofer EZRT. The data was saved as global reconstruction offset. After calibration, 

a first series of measurements of 20 repeated measurements was conducted and the offset 

determined again.  

 

Repeated measurements procedure: 

•  Get specimen from loading position  

•  Position specimen in measuring position  

•  Conduct measurement  

•  Deposit specimen in unloading position  

5 Results 

Figure 4 is showing the horizontal deviation of the rotation center of the 20 repeated 

measurements with regards to detector center. The first series of measurements indicates a 

deviation of 0.8 pixels and a “staircase-shaped” course. Furthermore, an extensive series of 

measurements was carried out with 100 repeated measurements (See Figure 5). These also 

showed a "staircase-shaped" course. The longer the system has been used the less 

prominent it became and it remained constant after a few measurements. The staircase-

shaped curve can be attributed to a fluctuation in temperature of the robot. The Delta 

remained at 0.8 pixels. Considering the exposure parameters a deviation of   

 

∆� = ±0.4  ∙
FOD

FDD
∙ ���������ℎ  = 66 �� 

+/- 66 um can be determined and thus proves the stated accuracy of the Kuka KR 30 HA 

according to data sheet.  
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Fig. 4. Horizontal deviation of the rotation center of the 20 repeated measurements with regards to detector 

center 

 

Fig. 5. Horizontal deviation of the rotation center of two series of 100 repeated measurements with regards to 

detector center 
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6 Conclusion 

By employing suitable test procedures we were able to show that the precision of 

positioning of standard industrial robots is sufficient for the data acquisition of an inline-

analysis of standard components where a voxel size of 330 µm is to be achieved. Atline- or 

inline-CT systems based on this new handling concept are exhibiting the following 

advantages compared to conventional systems: 

 

•  High throughput – an optimized handling of components by an industrial robot for 

data acquisition and loading/unloading is enabling a faster inspection and thus a 

high throughput. 

•  Flexibility – application of a robot instead of a conventional CT setup with linear 

axes and rotary tables enables a flexible adaption to various components, sizes and 

materials. 

•  Direct integration into the production – the compact setup and application of the 

industrial robot for both loading and unloading and CT manipulation system is 

enabling an easy integration into existing production environments without many 

adjustments. 

•  Compact system dimensions – low space requirements (small radiation protection 

housing) due to optimized system concept. 

•  Low original and maintenance costs – cost optimization due to the reduced size of 

the radiation protection housing and application of standard components. 

•  Fields of application – the system setup is independent and can flexibly be applied 

to different inline-CT applications. 
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