








both in the initial and final position. In Fig.2 it is possible to 
see the two acquired positions.  

 
Fig. 1: Picture of the two stereo systems employed for the 

compatibility analysis. 

 
Fig. 2: Sets of points acquired in the two positions. 

The acquired colored markers yield two sets of points , 
, whose compatibility is analysed as described in section 

5. The minimum Mahalanobis distance between each point 
of  and all points of  is depicted in Fig.3 for the first 
position; very similar results are obtained for the second 
position.  

 
Fig. 3: Minimum Mahalanobis distance between each point 

acquired by the first stereo system and all points acquired by the 
second stereo system in the first position of the can. 

Fig.3 shows that in the considered case of stereo systems 
spaced apart of 90°, there is a wide range (about from 1.7 to 
5.6) of selectable limit distance (which divides compatible 

and not compatible points), if the minimum distance 
between a point of  and all points of is considered. In 
this work, with a selected level of confidence equal to 
68.3% and three degrees of freedom, a limit distance equal 
to 1.88 is obtained. Fig.4 depicts two points belonging 
respectively to the sets , , and having a Mahalanobis 
distance equal to 5.9 which means the two points are 
considered not compatible. The following two Figs. 5 -6 
illustrate two examples of compatibility: a distance of 0.61 
which means very good compatibility (Fig.5) and a distance 
of 1.54 which is associated to a poor compatibility (Fig.6).  
 

 
Fig. 4: Example of points acquired by different stereo systems with 

Mahalanobis distance equal to 5.9 (not compatible). 

 
Fig. 5: Example of points acquired by different stereo systems with 

Mahalanobis distance equal to 0.61 (very good compatibility). 

 
Fig. 6: Example of points acquired by different stereo systems with 

Mahalanobis distance equal to 1.54 (poor compatibility). 



If the Mahalanobis distance between a point of  and all 
points of is analyzed (instead of the minimum distance 
as performed in Fig.3), there are cases that can lead to an 
ambiguous situation: the minimum distance (0.81 in Fig.7) 
is widely less than the limit distance, but the there is also 
another point in with a distance from the considered 
point of  which may be less or similar to the limit 
distance (2.53 in Fig.7). As already stated, in this work the 
selected limit distance is 1.88, which allows to avoid these 
ambiguous situations. 

 
Fig. 7: Example of points acquired by different stereo systems with 

Mahalanobis distance equal to 0.81 (compatible) and 2.53 (not 
compatible). 

 
Fig. 8: Picture of the two stereo systems employed for the 

compatibility analysis. 

For the initial position of the can, Fig.8 shows the set, 
comprising the fused compatible points and also the points 
of  and  that are not compatible. From Fig.5, Fig.6, 
Fig.8, it is clear that the uncertainty associated with the 
fused points is significantly reduced with reference to the 
uncertainties obtained from a single stereo system. This 
useful result is particularly true for the two considered stereo 
systems, since they are angularly spaced apart of 90°. 

CONCLUSIONS 

This work presented a method for the reconstruction of a 
3D shape with superimposed colored markers by means of 
multiple stereo systems. A detailed uncertainty analysis of 
the whole method and a statistical compatibility analysis of 
3D points acquired by different stereo pairs were included. 
The described method allows to statistically merge the 
measurements of different stereo pairs in order to obtain a 
measurement of a 3D shape and an evaluation of the 
associated uncertainty. The results showed that positioning 
the two stereo systems spaced apart of 90° allows to 
considerably reduce the uncertainty associated to the fused 
points. The selection of a limit distance, that divides 
compatible points from not compatible ones, was described. 
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