
International Symposium on  

Digital Industrial Radiology and Computed Tomography – DIR2019 
 

 

 1 
License: https://creativecommons.org/licenses/by/4.0/ 

Robot accuracy and its impact on robot-CT 

reconstruction quality 

Risheng KANG 1, Gabriel PROBST 1, Peter SLAETS 1, Wim DEWULF 1 
1 KU Leuven, Department of Mechanical Engineering, 

Leuven, Belgium 

Contact e-mail: risheng.kang@kuleuven.be  

Abstract  

Nowadays, Robot CT systems are gaining more and more attention: they allow 

multiple scan geometries, highly customized scan trajectories, and the potential to make 

mobile or in-line platforms. 

The quality of CT reconstruction is, however, highly dependent on the accuracy of 

the position and orientation information of the source and the detector, which pose a big 

challenge for current commercial serial industrial robots.  In order to assess the obtainable 

reconstruction quality of Robot CT systems, this paper elaborates on a set of realistic 

simulations. 

An industrial robot, ABB IRB120, together with an optical CMM, Nikon K600, are used to 

evaluate the robot path accuracy and repeatability. The K600 system is capable of measuring 

the 6D information with up to 1000Hz, which is quite suitable for this evaluation task. The 

volumetric accuracy of the K600 is 0.18 mm (2 sigma) and its repeatability is 0.015 mm (2 

sigma), as evaluated using a Mitutoyo CMM with MPE = 4.2 μm + 5 μm/m.  
Two different circular paths are defined to simulate the respective path of X-Ray 

source and detector of a twin-robot CT system. Repeatability, for both positioning and 

orientation, are expressed as 3 sigma. The measured mean path positioning accuracy is below 

0.49 mm, and the mean path positioning repeatability is below 0.17 mm. The mean 

orientation accuracy is below 0.83 degrees, and the mean path orientation repeatability is 

below 0.02 degrees. The orientation error is described by axis angle instead of three Euler 

angles. The two circular paths under test with different radii showed similar error 

distributions. Configurations with both robot bases situated at the same side of the workpiece 

(referred to as in-phase error configuration) and both robots situated at opposite side of the 

workpiece (referred to as out-of-phase error configuration) have been simulated. 

Based on the measured robot accuracy information, five groups of CT simulation are 

conducted with 6D positioning and orientation errors of source and detector. A cluster of 

spheres was simulated as a workpiece. Results showed that the realistic simulations yield 

sphere-to-sphere distance errors as well as sphere form errors of up to 200 μm. The radius 

errors are better and below 50 μm, which could be a result of averaging effect. 

Both the robot orientation error and the robot positioning error contribute to the 

reconstruction errors to a similar extent, which implies both errors should be compensated to 

improve the reconstruction quality. 
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In this experiment, the reconstructions subjected to in-phase error and out-of-phase 

error do not show a significant difference to each other in terms of the radius, distance and 

form error. 
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Introduction
• Robot CT systems allow multiple scan 

geometries, highly customized scan trajectories, 
and the possibility potential to make a mobile or 
in-line platforms 

• The quality of X-ray CT reconstruction is highly 
dependent on the accuracy of the scan 
geometry (position and orientation of the source 
and detector). However, current industrial 
robots show good repeatability but poor 
accuracy, which complicates assessing position 
and orientation of the imaging system for 
precise reconstruction. 

• In order to investigate the impact of the robot 
errors on robot CT scans, a realistic simulation 
of a twin-robot CT system is conducted in this 
study.    

I. The robot path positioning and orientation 
errors of an industrial robot are 
investigated.

II. Several sets of CT simulations are 
conducted to show the obtainable 
reconstruction quality for such twin-robot 
CT system.

Experimental setup
An industrial 6-axis robot ABB IRB120 is 
evaluated with the Nikon K600 optical CMM, 
which can track the robot tool center point 
dynamically with 6D measurements.
The performance of K600 is also evaluated by a 
Mitutoyo CMM, which has a MPE = 4.2 μm + 5 
μm/m:
• K600 volumetric accuracy (2σ): 0.18 mm
• K600 measurement repeatability (2σ) 0.015 mm 
A calibration artifact with 49 spheres is used for 
the evaluation. The radius of each sphere is ~0.75 
mm.

Robot Evaluation Results
Two circular paths located in the Y-Z plane and 100 

mm apart from each other are defined to simulate the 

source and the detector. The velocity is set to 50 

mm/s. Both paths are executed 20 times to evaluate 

the accuracy.

The positioning accuracy and repeatability are 

calculated following ISO 9283-1998. The orientation 

error is represented in axis angle instead of three 

Euler angles. Repeatability, for both positioning and 

orientation, are expressed as 3 sigma.

Comparison groups
Several simulations are conducted and 

compared:

1. Ideal

2. Realistic with in-phase robot error

3. Realistic for oppositely located robots

4. Only positioning error

5. Only orientation error

Positioning 

accuracy of two 
circular path

Orientation 

accuracy of two 
circular path

Positioning 

repeatability  of the 
source path

Positioning 

repeatability of the 
detector path

ABB IRB120 and 

K600
Object used for simulation

Simulation of two robots 

facing each other

Simulation with in 

phase robot error

Robot Path Accuracy Evaluation

characteristics source path detector path

target radius in mm 286,677 207,215

mean positioning accuracy in mm 0,490 0,400

max positioning accuracy in mm 0,933 0,818

mean orientation accuracy in degrees 0,826 0,780

max orientation accuracy in degrees 1,143 1,032

mean positioning repeatability in mm 0,166 0,165

max positioning repeatability in mm 0,494 0,233

mean orientation repeatability in degrees 0,011 0,013

max orientation repeatability in degrees 0,068 0,077

Reconstruction evaluation
Dimensional measurements performed are:

1. Center-to-center distances between 

sphere 1 and 7 others spheres in the top 

and bottom layer.

2. Radius error

3. Sphere form (sphericity) error

Conclusion 
1. The two robot circular paths showed a 

similar error distribution.

2. The average positioning accuracy for 

both paths is below 0.5 mm, while the 

maximum is below 1 mm. The average 

orientation accuracy for both paths is 

below 0.9°and the maximum is below 

1.2°.
3. the realistic simulations give distance 

errors of up to 200 μm, and the same 
value for sphericity. Radius deviation are 

below  50 μm.
4. Both positioning and orientation errors 

need to be compensated to improve the 

reconstruction quality.

5. The reconstructions subject to in-phase 

error and out-of-phase error are not 

significantly different.
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Robot-CT  simulation  parameters

Noise free forward projections are simulated with 
monochromatic spectrum and a point-like focal 
spot.

• Detector size: 200 mm

• Number of pixels: 1000×1000

• Pixel size: 0.2 mm

• Voxel size: ~0.116 mm

• Number of projections: 3142

• Magnification: ~1.72

• Rays per pixel: 16


