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Abstract. X-ray Computed Tomography (CT) is one established method for 

sophisticated 3-D analysis of drill cores. It allows the three-dimensional evaluation 

of different features such as porosity, grain size and shape or rock quality in addition 

to structural information. However, application of lab CT is difficult as multiple 

fractured drill cores often reside within one necessarily horizontal tray and therefore 

not eligible for CT measurements without laborious preparation and time consuming 

scans of every single piece of core. Scanning of the whole drill core tray could be an 

advantageous procedure to get valuable information about the drill cores in a much 

shorter time and without handling every single drill core. Nonetheless, geometry and 

orientation of those trays pose some challenges to conventional X-ray CT 

approaches.  

 To cope with this task we propose the application of RoboCT – i.e. robot based 

computed tomography – for the analysis of whole drill core trays. Limited angle and 

coplanar laminographic CT measurements are being realized through a system of 

cooperating industrial robots as manipulation system for the X-ray equipment which 

thereby offers unusual object accessibility of the horizontal trays. This approach 

promises to enable the fast and automated examination of whole batches of drill core 

trays in reasonable time. 

 Within this work, we compare the results of RoboCT measurements of an 

entire drill core tray to regular 3-D Micro-CT scans of the same isolated drill cores. 

While the approach proposed is expected to provide results in inferior quality the 

gain on measurement speed and the ease of handling may compensate therefor and 

lead to much broader application of 3-D analysis of drill cores than today’s sporadic 
use of laboratory X-ray CT in this field. Those data may allow geologists to gain 

more objective and significant data in shorter time. 

1. Introduction  

X-ray computed tomography (CT) has proven to be a valuable technique for analysis of 

drill cores. In contrast to other sensor-based techniques like X-ray fluorescence (XRF) or 

optical inspection, which can only provide information about the surface of the drill cores, 

CT measurements can provide information on the entire core – including internal 

structures. It allows thereby the three dimensional evaluation of different features of the 

drill core, such as grain size and shape or rock quality and also provides structural 

information.  
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This information can be valuable for geologists, as the need for automated 

inspection and computer aided analysis rises constantly with the huge amounts of cores 

coming from drilling activities. Especially for exploration purposes, in-depth information of 

the drill cores can be very helpful.  

2. Motivation 

The application of lab CT for three-dimensional analysis of drill cores is a time consuming 

procedure, as the drill cores do often reside as many fragments within their tray. Taking 

every single piece of core out from the tray is inconvenient. It is also sensitive to errors like 

mixing-up samples or putting them back into the tray at wrong positions and orientations.  

Scanning of the whole core tray would be a huge advantage over the current 

approach for scanning of drill cores, avoiding the need to handle every single drill core 

piece and it also provides results in a much shorter time than conventional CT approaches.  

However, conventional lab CT of the tray would require the rotation of the tray 

between X-ray source and detector (see Fig. 1) which is hardly possible in regular CT 

system setups where the upright trays would need to be placed on a conventional CT turn 

table. Furthermore, for certain directions the penetration length would than equal the width 

of the tray with multiple cores in a row. Thus, the measurement time and / or the energy of 

the X-ray source needs to be very high to achieve a good reconstruction result. Instead, we 

propose the application of robot based CT (RoboCT). Different trajectories for e.g. limited 

angle and coplanar laminographic CT measurements are being realized through a system of 

cooperating industrial robots as manipulation system for the X-ray equipment, which 

thereby offers unusual object accessibility of the horizontal trays. This approach promises 

to enable the fast and automated examination of whole batches of drill core trays in 

reasonable time.  

3. Background on X-ray Tomography 

3.1 Conventional 3-D Micro-CT 

During the last years, 3-D micro-CT has been applied for the non-destructive visualization 

in many applications. Formerly, this technology was only used for medical imaging. 

Nowadays, CT is used as a standard tool in industrial applications for material analysis. X-

rays allow to penetrate the specimen and to see not only its surface but also the structure 

inside. With X-ray CT, the 3-D volume information of objects can be reconstructed using 

X-ray projections of the object from a series of perspectives, for example from a circular 

trajectory around the object (see Fig. 1). The reconstructed volume data set consists of grey 

levels, which represent information about the X-ray attenuation depending on the mass 

attenuation coefficient, the density distribution of the material and the spectral distribution 

of the X-ray source.  
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Fig. 1: General working principle of 3-D CT [Fraunhofer EZRT] 

3.2 RoboCT – Robot Based CT 

During the past years, EZRT has developed the technology of RoboCT, i.e. the application 

of at least two cooperating industrial robots as manipulation system for the X-ray 

equipment (that is at least one of each, source and detector) (see Fig. 2). Such systems 

allow to access regions-of-interest (ROIs) in very large workspaces where they are capable 

to realize different, almost arbitrary forms of X-ray trajectories, which cannot be realized 

with conventional CT systems. 

EZRT has solved the challenges to control and parametrize this hardware in its very 

high dimensional parameter space and to perform CT measurements with such inaccurate 

manipulators that are imprecise for several orders of magnitude compared to laboratory CT 

systems built on large basis of granite. 

As such, these RoboCT systems also allow performing CT measurements to study 

applications of yet unbuilt hardware, like here a possible portal CT setup. 
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Fig. 2: One implemented RoboCT system with four cooperating robots for two X-ray sources and two 

detectors 

 

3.2.1 Limited Angle CT 

Whilst conventional CT requires rotation of the object about 360° (or respective rotation of 

the X-ray equipment around the object), it is also possible to perform less than 360° 

rotation, of course. Once, one does only acquire perspective information from less than 

180° (plus opening angle of the acquisition cone), the resulting three-dimensional 

information available for CT reconstruction is mathematically incomplete and does no 

longer allow correct CT reconstruction. These limited angle CT scans – that are being 

applied whenever either object geometry or penetration lengths do not allow to perform 

regular computed tomography – represent the most straightforward means of laminographic 

imaging, i.e. performing CT with limited information in contrast to regular circular CT. The 

resulting laminography reconstructions typically result in CT images with good image 

quality in the slices of one orientation whilst, due to the missing information, quality 

decreases in orthogonal slices. 

 

3.2.2 Coplanar Laminographic CT 

One more sophisticated method on laminographic imaging is the class of coplanar 

laminographies, where only source and detector are being moved on trajectories parallel to 

each other – and to the desired ROI in the object (Fig. 3). The advantage is that in the case 

of the drill cores, there is no need to take them out of their tray, but still good structural 

information on the drill cores can be achieved. 
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Fig. 3: Shows the general working principle of X-ray coplanar laminographic CT: 2D Translation – Circular 

scan, where the source and the detector are moving on parallel trajectories. [Fraunhofer EZRT] 

4. Measurement Setup  

4.1 Conventional 3-D Micro-CT 

The used scanning geometry was the axial 3-D CT. The measurement parameters used for 

the axial 3-D CT measurement were 220 kV with 0.5 mm copper filter. The spatial 

resolution was approx. 68 µm. The drill cores were mounted in a three-jaw chuck and 

measured separately one by one (see Fig. 4). The exposure time was 250 ms/projection and 

1600 projections were acquired. The used measurement protocol was a stop and go 

procedure so that the total scan time was approx. 23 minutes for approx. 10 cm of drill core.  

 

 

Fig. 4: Measurement setup used for 3-D measurement of the single drill cores. The trajectory of the axial 3-D 

CT is a 360° circle.  
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4.2 RoboCT 

The measurement setup used for the limited angle CT and for the coplanar laminographic 

CT and the three times measuring field extension (3 x MFE) coplanar laminographic CT 

can be seen in Fig. 5.  

 

 

Fig. 5: Measurement setup used for the limited angle CT and the coplanar laminographic CT of the drill core 

tray.  

4.2.1 Limited Angle CT 

The trajectory used for the limited angle CT was a circle with 187°, which is nearly 180° 

plus the opening angle of the cone beam. The measurement parameters used for the 

measurement were 225 kV with 1 mm copper filter. The spatial resolution was approx. 

63 µm. The exposure time was 2 s/projection and 750 projections were acquired. The total 

scan time was approx. 57 minutes for 42 cm of drill core. The measurement covered three 

drill cores with a ROI of 14 cm each.  

 

4.2.2 Coplanar Laminographic CT 

The trajectory used for the coplanar laminographic CT was a combination of three 

concentric circles to reach laminographic angles of 10°, 20° and 30°. The measurement 

parameters used for the measurement were 225 kV without a filter. The spatial resolution 

was approx. 63 µm. The exposure time was 250 ms/projection with eight times averaged 

image acquisition and 120 projections were acquired. The total scan time was approx. 

17 minutes for 42 cm of drill core. The measurement covered three drill cores with a ROI 

of 14 cm each.  

Additionally, a 3 x MFE coplanar laminographic CT was used as a trajectory to 

cover the entire area of the tray. This results in total in nine concentric circles to reach 

laminographic angles of respectively 10°, 20° and 30° per measuring field. The total scan 
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time for this procedure was 49 minutes for 84 cm of drill core. The measurement covered 

six drill cores with a ROI of 14 cm each.   

5. Comparison of Results  

The comparison of the measurement setups in terms of exposure time, measurement time 

and scanned length of core is shown in Table 1.  

 

Table 1: Comparison of the different used measurement setups in terms of exposure time, measurement time 

and scanned length of core.  

 Axial 3-D CT  Limited Angle 

CT 

Coplanar 

Laminographic 

CT 

3 x MFE 

Coplanar 

Laminographic 

CT 

Exposure time  6.6 min 25 min 4 min 12 min 

Measurement 

time 

25 min 57 min 17 min 49  min 

Scanned length of 

core 

0.24 m/h 0.44 m/h 1.6 m/h 1 m/h 

 

5.1 Conventional 3-D Micro CT  

The result of the filtered back projection reconstruction is full 3-D information of the 

measured object. The inner structures of the drill cores are clearly visible and shown 

exemplarily in Fig. 6. It would be possible to extract information about grain size and shape 

and its distribution along the whole drill core.  

 

 

Fig. 6: Reconstructed YZ slice taken from conventional 3-D Micro CT.  
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5.2 RoboCT 

5.2.1 Limited Angle CT 

Fig. 7 shows a slice taken from the reconstructed limited angle measurement using a 

RoboCT setup. While the overall structure within the core is visible, typical limited angle 

artefacts reduce the recognisability of details and thus complicate automated image 

processing. However, the image quality could be sufficient for certain use cases.  

 

 

Fig. 7: Reconstructed YZ slice taken from limited angle CT.  

 

5.2.2 Coplanar Laminographic CT 

The coplanar laminographic CT has a limited depth information and therefore not the full 

structural information is given. Still there is a major part of the structure visible and 

evaluation of the information can be made. The result for one drill core is shown in Fig. 8. 

The increased field of view allowed for scanning of three respectively six cores at the same 

time within the tray. 

 

 

Fig. 8: Reconstructed XY slice taken from coplanar laminographic CT 

As can be seen in Fig. 9 there are artifacts resulting from the limited depth information. 

While the information within the focus plane is displayed in good quality, moving out of 

the focus plane decreases image quality and geometric information available. Image 

processing for e.g. structural tracking would only be possible within regions not effected by 
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cone artefacts and therefore providing sufficient information. Structures orthogonal to the 

focus plane are effected by the same artefacts and are thereby hard to analyze.   

 

(a) (b) 

Fig. 9: (a) XZ view taken from coplanar laminographic CT, (b) YZ view illustrating laminographic artefacts.  

6. Conclusion and Outlook  

RoboCT is a promising attempt for the measurement of entire trays of drill cores and 

enables multiple trajectories (e.g. limited angle CT or Coplanar Laminographic CT) for 

image acquisition given the high degree of freedom from axis movement. While the image 

quality of the laminographic setup proposed is lower in regards to the limited 3-D-

information, handling of the drill cores and measurement speed is greatly increased. The 

proposed system enables the creation of 3-D information of entire trays of drill cores 

without the need to remove the drill cores from it and hereby avoid the tedious and error 

prone handling of single cores.  

With the used system, a measurement speed of approximately 1.6 m/h could be 

achieved. Within the performed measurements, the exposure time aggregates only to 

4 minutes while the rest of the measurement time was needed for the movement of the 

manipulation system, hence taking up most of the time needed to complete the scan. Using 

a more specific setup, a scanning speed of approximately 16 m/h would be achievable, 

utilizing optimized axis movement and measurement setup. 

This would enable the creation of depth information from drill cores in a fast and 

reliable way. 
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