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SUMMARY 
We present a novel addition to a standard 3D motion capturing 
setup that overcomes the limitation of fixed camera positions 
during the actual data capture process. This allows motion 
capturing in situations where either the subject of interest is 
placed on a moving object itself or extremely large capture 
volumes are needed. 
The basis of our approach is an algorithm to detect and 
remove camera vibrations from the data stream. It is shown 
from lab tests and real-world measurements that this technique 
is capable of reducing vibrations down to the level of the 
limiting calibration residual enabling reconstruction for cases 
that are impossible to reconstruct in 3D without any pre-
processing.  
 
 
INTRODUCTION 
Motion capturing (MoCap) is a widely used technique in 
medical and scientific disciplines and a common tool in 
biomechanics. However, for applications with very large 
measurements areas or subjects that are positioned on moving 
objects themselves (e.g., on vehicles, sports equipment, etc.) 
the static camera positions become one of the main 
limitations. 
Two first approaches have been reported in literature: Begon 
et al. [1] presented a method to extend the MoCap range to a 
40 m long walkway by constantly moving the cameras at low 
speeds, Kim and Martin [2] rigidly mounted the cameras on a 
shaking frame to disentangle a subject’s movements from the 
movements of the environment. 
 
We aim to fully overcome this limitation of static or 
constantly moving cameras and present a modified MoCap 
approach with a commercial Vicon system that removes this 
limitations and can deal with moving and/or accelerated 
cameras based on little additional hardware and a self-
developed software.  
 
METHODS 
A Vicon V612 datastation with M2 cameras was used 
throughout the present work. No changes or adjustments are 
required during the calibration of the system. The main 
differences to a standard MoCap set-up with static cameras are 
(i) the use of additional reference markers on positions that 
will certainly not move during the measurement (e.g., the 
floor), (ii) additional camera bracings to reduce rotations, and 
(iii) a purpose-built algorithm that removes the camera 

vibrations of each camera stream before reconstruction of the 
recorded data. 
 
After capture, the full data stream is decomposed into the 
individual camera streams and linear vibrations are 
computationally removed by detecting the shift of the fixed 
reference markers. This shift is subtracted from each frame 
and the stream minus the reference markers is written back 
into the full data stream that can be reconstructed in Vicon’s 
Workstation software. A more detailed description of the 
algorithm is given in [3]. 
    

 

Figure 1:  Deviations in mm from the mean value of the 
reconstructed marker position (same marker) without (a) and 
with (b) the correction algorithm applied. Red: x-component; 
blue: y-component; green: z-component. The narrow gray 
band gives the mean of the calibration residuals for all 
cameras. All data were recorded with the test scenario in the 
lab with manually disturbed cameras. Note: for direct 
comparison, the same reconstruction parameters were used for 
both cases.  
 
Two different setups were realized: a test scenario in the lab 
with only 4 cameras (without any additional bracings) that 
were manually disturbed  to demonstrate the capabilities of the 



proposed method and a real MoCap measurement with all 8 
cameras (including the extra bracings) mounted on a frame of 
a moving vehicle accelerated/decelerated with an average of  
9 m·s-2 (0.92 g). The vehicle rested at the start and was first 
accelerated and then decelerated (over a total distance of about 
15 m) until it came to a full stop. 
 
RESULTS AND DISCUSSION 
The results from the lab test scenario are shown in Figure 1 for 
the case where cameras were individually disturbed. After 3D 
reconstruction of the measurement data the marker position 
fluctuated more than ±20 mm with respect to its mean value. 
However, after application of the algorithm, the fluctuations 
are reduced to a level comparable to three times the calibration 
residual (i.e., the lower achievable reconstruction bound) of 
±0.3 mm. A 3D reconstruction accuracy of better than ±1 mm 
is a very good result for real measurements.  
The same test has been performed for a situation where all 
cameras were collectively disturbed. A comparison as in 
Figure 1 failed because the original data were impossible to 
reconstruct in any useful manner. After applying the 
correction algorithm a reconstruction was easily possible. 
However, the reconstruction residuals were only about  
±7 mm. It has to be noted that the tested disturbances in the 
latter case have been far greater than what we 
expect/measured in real measurements with additional bracing 
installed.   

For the measurements on the accelerated/decelerated vehicle 
extra bracings were installed vastly reducing the vibrations 
due to greater rigidity. Successful reconstruction of the entire 
data after application of the algorithm was straightforward and 
permitted reconstruction of the motion on the moving vehicle 
with accuracies of less than ±1 mm. 
 
CONCLUSIONS 
Based on the presented results, we are able to demonstrate the 
application of a standard MoCap setup for measurements with 
moving and/or accelerated cameras. The accuracies of the 
reconstructed data are comparable to data recorded with fixed 
cameras. This technique opens up MoCap to a wide range of 
new applications where not only the subject itself but also its 
base are in motion. 
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