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intensively for several purposes in the field of process 
planning of forming operations such as bulk and sheet 
metal forming. Therefore it was necessary to find a way 
to automatically extract and recognize their geometric 
characteristics. An analysis of the state of the art resulted 
in a comparison of the digital way of geometric 
computation and the human way of interpreting the 
geometry of objects. One finding is that the visual 
intelligence of humans compares objects by reducing 
them to some kind of a skeleton. A second finding is that 
recognition is done with an increasing level of detail 
from a rough to a fine resolution. This top down strategy 
will be used in the presented approach too. 

2.1. Extracting a skeleton by thinning 

There are several methods known that extract 
skeletons. A common method is the medial axis 
transformation (MAT), whose drawback is the 
sensitivity to small changes on the geometry as it is 
shown in Fig. 1. 

Fig. 1. Medial axis transformation and the sensitivity to small changes 
on geometry resulting in different graphs 

The MAT of a three-dimensional (3D) object 
produces (except for cylindrical parts) 2D medial 
surfaces. Due to their complex shape and 
interconnectivity, it is difficult to interpret the original 
object on this basis. 

Compelling reasons for the usage of the here 
proposed alternative thinning method “divergence based 
parallel thinning” are: 

reducing 3D-modells to an 1D skeleton and 
robustness to small geometrical changes. 
We implemented a parallel thinning approach, which 

is directed by a divergence scalar value (per voxel). This 
divergence is computed by using the gradient vector 
flow (of distance values) and allows to extract 1D 
skeletons from geometries where other approaches fail 
[5]. Fig. 2 shows different voxel resolutions of a CAD 
model to demonstrate their different looks, depending on 
the available computing speed. By choosing the right 
orientation and other parameters the resulting skeleton 
can be influenced. After determining the first voxel 
based skeleton, several post processing steps have to be 
done (a-f) to get a proper skeleton (Fig.3). 

Fig. 2. CAD-model and different resolution of voxel discretization 
(300, 3.000 and 30.000 voxel) 

a. Compute Voxel skeleton by thinning 
b. Convert to graph-based skeleton 
c. Recognize and split junctions 
d. Prune remaining skeleton branches to increase 

stability 
e. Recognize and correct straight branches 
f. Smooth branches to remove discretization artifacts 

Fig. 3. Steps for extracting and post processing of skeletons 

2.2. Curvature and histogram based segmentation of 
surfaces 

On geometries without volume, such as sheet metal 
forming parts, the proposed method for extracting a 
skeleton is not applicable nor would a skeleton be 
significant for the desired analysis. Thus, we propose a 
novel segmentation approach which will be presented in 
detail in a separate publication. The main idea is to 
utilize a histogram of the principal curvature values to 
identify and segment characteristic parts of the 
geometry. 

Fig. 4 shows a T-shaped “hat” geometry that is 
common for automobile parts and its 2D histogram of 
the curvature values. The clusters identified in the 
histogram describe the highlighted chamfers. We found 
that reducing the mesh by these segments and re-
estimating the curvature significantly improves the 
analysis of the remaining mesh. This segmentation step  
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