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Abstract 
Recently, a technique which automatically generates 
solid models from mesh models is required in the field 
of reverse engineering for more efficient product 
development. In this paper, we propose a new feature 
edge extraction method from triangular mesh models 
based on wide range normal evaluation and 
segmentation using the modified Watershed method. 
Our feature edge extraction method is robust for mesh 
models with scanning noise and different mesh 
connectivity, and it enables recognition of the region 
bounded by extracted feature edges as a face. It also 
enables extraction of boundary edges of the fillet 
surface as feature edges, which was difficult using 
previous methods. These characteristics are effective 
for automatic solid model generation. Moreover we 
implemented functions for selecting and collecting the 
required feature edges extracted at different parameter 
settings, and transferring the resulting feature edges 
into a 3D CAD system. 

Keywords: watershed method, feature edges, wide 
range normal evaluation, triangular meshes, reverse 
engineering 

1. Introduction 
Recently, mesh models can be easily obtained by 
several methods such as reverse engineering (RE) and 
searching a 3D mesh database. These mesh models are 
widely used at the style design stage of product 
development. But at the detail design stage solid 
models are indispensable, therefore a technique which 
automatically generates solid models from mesh 
models is required for more efficient product 
development. 

Many studies have reported on the technique for 
automatic solid model generation [1,2], and most of 
them began with feature edge extraction (or 
segmentation) and surface fitting using these feature 
edges follows. But there are still difficulties in 
previous feature edges extraction methods. We define 

feature edges as the boundary edges of a region 
consisting of a set of connected triangles which should 
be recognized as a face. To generate a solid model 
automatically, three requirements should be 
considered for feature edges extraction method: 

(1) to extract feature edges as robustly as possible 
from mesh models with scanning noise and 
different mesh connectivity 

(2) to extract the boundary edges of the fillet surface 
included in most industrial products as feature 
edges 

(3) to extract completely looped feature edges so as 
to recognize the region bounded by feature edges 
as a face 

There has been much research on feature edge 
extraction methods, and they are broadly divided into 
two types: one is to extract feature edges directly from 
mesh models, and the other one is first to segment 
mesh models into several regions and then to extract 
the boundary edges of each region as feature edges. 

The methods classified as the first type [3,4] have 
one problem; they cannot always extract completely 
looped feature edges, and thus do not satisfy the third 
requirement. 

In the methods classified as the second type, first 
the feature value of each vertex is calculated, secondly 
mesh models are segmented into several regions using 
these feature values and finally the boundary edges of 
each region are extracted as feature edges. As for 
feature values calculation in [5], the principal 
curvature using 1-ring neighborhood is used as the 
feature value, but it cannot robustly calculate feature 
values of mesh models with scanning noise. Therefore 
it does not satisfy the first requirement. On the other 
hand, in [6], the edge strength of each vertex based on 
the surface normal variation within a wide range 
neighborhood is used as the feature value, and this 
enables robust calculation of feature values of mesh 
models with scanning noise. Segmentation methods 
are roughly divided into two types: one is vertex-based 
and the other is triangle-based. Vertex-based methods 
[6,7,8] always generate unsegmented regions between  
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Fig.1 : Algorithm overview 

regions and feature edges (boundary edges of such 
regions) cannot be shared between regions. On the 
other hand, triangle-based methods [9,10] generate no 
unsegmented regions and feature edges can be shared. 

As for the boundary edges of the fillet surface, 
none of the methods mentioned above can extract 
them, and they therefore do not satisfy the second 
requirement. 

In this paper, we propose a new feature edges 
extraction method that can satisfy all three require-
ments. Our method is based on wide range normal 
evaluation and triangle-based segmentation using the 
modified Watershed method. Fig.1 shows an overview 
of our feature edge extraction algorithm. In our 
method, the first edge and vertex feature values are 
calculated by evaluating a set of normal vectors of 
triangles in the wide range which is defined based on 
euclidean distance around each edge. Secondly, mesh 
models are segmented into several regions consisting 
of a set of connected triangles using edge and vertex 
feature values and the modified Watershed method. 
And as a result, the boundary edges of each region can 
be extracted as feature edges. Finally, a user selects 
the required feature edges from the resulting edges. By 
repeating these three steps at different parameter 
settings for extraction, users can collect a set of 
required feature edges. 

2. Wide Range Normal Evaluation 

2.1.  Edge feature value calculation 
In our method, wide range normal evaluation is used 
for feature value calculation. We define wide range as 
the closed space around each edge defined by the 
euclidean distance. This enables robust calculation of 
edge and vertex feature values of mesh models with 
scanning noise and different mesh connectivity. 

To calculate edge feature values by our method, 
first the sphere B whose center is the mid-point of 
edge e and radius r is defined. Then this sphere B is 
decomposed into two hemispheres BR and BL using the 
plane defined by edge e and n , which is the average 
of the normal vectors of triangles included in B (Fig.2). 
Secondly, the sums of normal vectors of triangle RBn   
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and LBn  are calculated by the equation 
)( farea

RBR ff fB ⋅= ∑ ∈ nn , where nf is the face normal 
of triangle f, area(f) the area of triangle f, and 

RBf  a 
set of triangle whose barycenter is included in BR (the 
same for BL). Finally, edge feature value )(reθ of an 
edge e is calculated as the angle between RBn  and LBn . 

2.2.  Vertex feature value calculation 
Vertex feature values are calculated using the edge 
feature values. First, the continuous feature value of 
each vertex v is calculated by 

)(max)( )(* rvg eveecon θ∈= , where e*(v) is a set of 
edges sharing v. To automatically generate a solid 
model using extracted feature edges, the boundary 
edges of the fillet surface need to be extracted so as to 
fit with proper surface geometry. But gcon(v) of 
vertices varies in a fillet surface as shown in Fig.3(a). 
Using this gcon(v), segmenting mesh models based on 
the modified Watershed method (mentioned in sec.3) 
divide a fillet surface into two different regions, and 
the unwanted center line of the fillet surface is 
extracted as shown in Fig.4(a). Therefore the vertex 
discrete feature value gdis(v) is defined by thresholding 
gcon(v) using threshold vτ , and this enables to set 
vertex feature values in a fillet surface constant as 
shown in Fig.3(b). But even using this gdis(v), a fillet 
surface is recognized as the same region as the one 
which is smoothly connected to the fillet surface, and 
only one boundary edge out of two is extracted as 
shown in Fig.4(b). Therefore the vertex differential 
feature value gdif(v) is defined by eq.(1) as the 
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difference of gdis(v) between the vertex v and a set of 
1-ring vertices v* as shown in Fig.3(c). 
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Using this gdif(v), both boundary edges of the fillet 
surface are extracted properly, as shown in Fig.4(c). In 
our method, gdif(v) is used only for feature (boundary) 
edge extraction of the fillet surfaces, and gcon(v) for 
feature edge extraction except for fillet surfaces. 

3. Modified Watershed Method 
Mangan et al.[7] extended the Watershed method 
which was used for 2D images segmentation into the 
3D mesh model segmentation. Mangan’s Watershed 
method is composed of three steps as follows; 

(1) Initial labeling: Local minima vertices whose 
feature values are lower than those of all of their 
neighboring vertices are found and each region 
label is allocated to them. Then these vertices 
become seed regions. 

(2) Descend: Other vertices without region labels are 
allowed to descend until they hit a vertex with a 
region label, and its region label is allocated to 
them. Then seed regions are grown and vertex-
based regions are generated. 

(3) Region merging: Regions whose Watershed 
depth and area are below thresholds dτ and nτ  
are merged. Then small regions are merged and 
become a part of larger regions. 

This Watershed method has two problems for 
feature edge extraction. One is that it is a vertex-based 
method, therefore it generates unsegmented regions 
between regions, consisting of a set of triangles whose 
three vertices have different region labels, and the 
boundary edges of each region cannot be shared. The 
other problem is that this method cannot segment 
mesh models properly if there are not enough vertices 
in one region (for example, if one rectangle is 
composed of two right triangles). To solve these 
problems, we propose a modified Watershed method 
based on Razdan’s method[9]. Our method has some 
modifications to realize a more robust method of 
feature edge extraction. 

Our modified Watershed method is composed of 
five steps as follows. 

(1) Vertex insertion: The edges whose edge feature 
values )(reθ  are lager than threshold θτ  are 
identified as Basic Feature Edges (BFE), and the 
two vertices of BFE as Basic Feature Vertices 
(BFV). Then vertices and edges are inserted  

:BFE :inserted edge
:inserted vertex:BFV :other vertex

（d）（a） （b） （e）（c）

:other edge 
Fig.5 : Vertices and edges insertion rules
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Fig.5 : Vertices and edges insertion rules  

Table1 : Triangle region label allocation rules 

The label of the vertex that 
has the smallest vertex value otherwisecase6

The other label with the 
triangle that shares the BFE

Multiple labels and 
multiple common labelscase5

New labelAll edges are BFEcase4

The common labelMultiple labels and only 
one common labelcase3

The single labelOne vertex has a single 
labelcase2

The label of its verticesAll vertices have the
same labelcase1

Allocated Triangular LabelVertex Labels

The label of the vertex that 
has the smallest vertex value otherwisecase6

The other label with the 
triangle that shares the BFE

Multiple labels and 
multiple common labelscase5

New labelAll edges are BFEcase4

The common labelMultiple labels and only 
one common labelcase3

The single labelOne vertex has a single 
labelcase2

The label of its verticesAll vertices have the
same labelcase1

Allocated Triangular LabelVertex Labels

 
according to the inserting rule (Fig.5). This is 
done in order to recognize the region which does 
not have enough vertices in it. 

(2) Vertex feature value calculation: Vertex 
feature values of the inserted vertices are 
allocated as follows; the maximum feature values 
out of all feature values of the original vertices 
are allocated for inserted vertices on BFE, the 
minimum feature value out of them for the 
inserted vertices on the center of the triangle, and 
the original edge feature values for other vertices. 

(3) Watershed method: One region label for each 
vertex (including inserted vertices) is allocated 
by applying the Watershed method to the mesh 
model which has inserted vertices and edges. 

(4) Vertex deletion: The region labels of 1-ring 
vertices are attached to BFV’s original region label 
so that it has multiple region labels, and then the 
inserted vertices are deleted from the mesh models 
and the original mesh model is restored. 

(5) Triangle region label allocation: One region 
label is allocated to each triangle according to the 
triangular region label allocating rule (Table1). 
This enables generation of regions consisting of 
connected triangles, which have the same region 
labels, and feature edges can be extracted as 
completely looped boundary edges of these 
regions. 

This modified Watershed method can solve the 
two problems of Mangan’s Watershed method. But 
extraction of all the required feature edges is difficult 
to achieve by applying this method once at one 
parameter setting. Five extraction parameters are used 
in our method; radius r of the sphere for defining the 
evaluating area for feature value calculation, the 
threshold vτ  for thresholding the vertex continuous 
feature value, the threshold θτ  for identifying BFE, 
and the threshold dτ and nτ  for defining the smallest 
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Watershed depth and the smallest area of each region. 
Then a user repeats this method at different parameter 
settings, and selects and collects the required feature 
edges extracted at different parameter settings. 

4. Results 
Fig.6 shows the results of feature edges extraction 
from mesh models with scanning noise (710,000 
triangles) generated by 3D scanning of hand-made 
design mock-up. This shows our method robustly 
extract boundary edges of fillet surface as feature 
edges from mesh models with scanning noise by 
setting parameters properly. The running time was 
140s (80s for feature values calculation and 60s for 
segmentation and feature edge extraction) for 
automatic extraction at one parameter setting on the 
PC (Xeon 2.4GHz, 2GB RAM). 

Fig.7 shows the results of collection of selected 
feature edges by user interaction. The input mesh 
model (60,000 triangles) was generated by FEM 
meshing of a solid model. Fig.7(a)-(c) shows selected 
feature edges at each three different parameter 
settings; thin black edges are all extracted edges at one 
parameter setting, and thick blue edges are 
interactively selected edges. And Fig.7(d) shows 
collected feature edges which are considered to be 
effective for automatic solid model generation. 

5. Conclusion 
In this paper, we proposed a new feature edge 
extraction method from triangular meshes based on 
wide range normal evaluation and triangular-based 
segmentation using the modified Watershed method. 
Experimental results show that our method enables 
robust extraction of feature edges from mesh models 
with scanning noise and different mesh connectivity, 
extraction of boundary edges of fillet surface as 
feature edges, and extraction of completely looped 
feature edges so as to recognize the region bounded by 
feature edges as a face. And we also implemented 
interactive extraction functions for helping solid 
model generation. Our future work includes the 
automatic estimation of surface geometry which 
should be fitted to each region bounded by extracted 
feature edges. 
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Fig.6 : Results of feature edges extraction 
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Fig.7 : Results of feature edges collection
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