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Abstract 

 
Mesh decomposition plays an important role in 

computer graphics. However, the requirements for 

each of these applications demand the mesh 

decomposition process differently and therefore 

various decomposition schemes were developed as 

an end result. In this paper, we propose a flexible 

“WYSIWYG” (i.e. what you specify is what you get) 

decomposition algorithm for static meshes.  
 

1. Introduction 

 
Mesh decomposition for various applications 

has been under intense study for several years. 

Using different partitioning metrics, many 

approaches (automatic or semi-automatic) have 

been proposed [1,2,3,4,5,6,7,8,9,10,11,12,13]. 

However, it is very difficult to have a universal, 

automatic decomposition method to satisfy the 

needs of various applications. The semi-automatic 

methods, in particular, are very useful to interactive 

applications such as mesh edition and animation. In 

this paper, a fast and intuitive “WYSIWYG” mesh 

decomposition scheme is presented. This new 

technique avoids under-segmentation and over-

segmentation problems in most automatic schemes 

and also avoid tedious, less-intuitive, sometimes, 

misleading, user specifications in most semi-

automatic methods. 

 

2. System Overview 

 
The idea behind our system framework is to set large 

distance to the cutting positions on the dual graph of a 

given mesh. The proposed system is composed of five 

major stages below:   

1. Generating Dual Graph for the mesh and assigning 

distances to all pairs of faces in the mesh. 

2. Finding the feature points by user specification. 

3. Assigning each face to a certain partition based on 

the distance to that feature point. 

4. Checking on each partition if all faces in the same 

partition are connected to each other. 

5. Smoothing the cutting boundaries using [1] 

between the partitioned components. 

The details of these five stages will be presented in the 

following sections. 

 

3. WYSIWYG  Approach 

3.1 Dual Graph Generation 

 
In order to find the distance from one face to other 

faces through the surface of the mesh, we have to 

define the distance metrics between two adjacent faces. 

After defining this distance metrics, then we can 

connect each of them by an edge to form the Dual 

Graph. Finally, we apply all-pairs shortest path 

algorithm to solve the distance between all faces. 

Currently, there are two distance metrics used to 

generate Dual Graph in the system. For static meshes, 

we refer to [1] and set the distance between two 

adjacent faces by the combination of angle between 

them and the geodesic distance from the center of one 

face to the center of the other. The formal expression is 

shown as follow: 
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where Geod(fi,fj) is the geodesic distance between face i 

and face j, αij is the angle between these two faces, and 

δ is the proportion (weight) of geodesic distance and 

angular distance which is adjusted by user.  

 

3.2 Feature Specification 

 
In [1], the system finds faces which are far away from 

each other and set them as feature points automatically. 

But as we mentioned before, sometimes user may want 

to separate the particular partition from original mesh, 

the automatic process can not always satisfy user’s 

desire. Therefore, our system decides to take user 

specifications as feature points and decomposes the 

static meshes accordingly.  
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Figure 1: (a) Original mesh. (b) The marked region 

stands for a partition with certain color. (c) Cutting 

result with the marked region in high light. (d) Cutting 

result. 

 
Figure 2: Different results with different marked 

regions specified by the user. 

 

In the proposed system, the user-specified features will 

be assumed to be the rough center of the partitions. An 

illustration of the user specification is shown in Figure 

1. A human heart is shown in Figure. 1(a). The user 

draws some areas on different partitions with different 

colors as shown in (b). After this specification process, 

our system will decompose the mesh according to this 

guide, and the result is shown in (d). 

Figure 2 is a chess decomposed with various purposes. 

High-light area is the marked region through user input 

device. The mesh is cut at the concave region in 

principle, but the cut can be located at a flat region as 

well if user desire to do so. It is obvious to note that the 

number of partitions and the cutting boundary follows 

the user specification.  

For most cases, only one feature point is needed by one 

partition; but sometimes it is not enough, especially 

when those two nearby partitions have no concave 

edges or deformation similarly. In this situation, the 

effective distance on the Dual Graph is composed only 

by geodesic distance. Therefore, the ideal cutting 

boundary is not clear to our system and may be 

different to users. To have a better control over the 

decomposition, the user should point out more features 

on the mesh to specify the partition. For example, 

Figure 3 is an almost convex object; the angular 

distance has slight influence on the cutting boundary. 

Thus, meaningful partitions can not be defined 

definitely and are different from user to user. The user 

has to point out more features to specify the cutting 

boundary if he or she has special requirement for the 

decomposition. 

 

 

Figure 3: The almost convex object should be 

decomposed with more feature points to indicate the 

shape of the boundary. 

 

3.3 Face Clustering 

 
After the position of the feature points are indicated, the 

system will decide which partition each face belongs to 

based on the distance between the face and the feature 

points. Faces are hard to stride across a concave edge 

because of the distance through it is much larger than a 

convex one. Therefore, the partitions can be separated 

at concave edges. To achieve our face clustering, we 

need to minimize the objective function: 
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Here, f is the face which is being considered now, and 

FPi is a set of feature points representing partition i. 

After this process, each face in the mesh can be 

assigned to a partition. But it is not a stable state. Due 

to unobvious concave edges or the distance from the 

face to several feature points are close, some faces near 

boundary may be assigned to the wrong partition. 

Therefore, our algorithm execute face clustering as an 

iterative process, and it will dispatch each face to a 

partition again and again, until there are no other face 

transferred from one partition to another. 

In the above iterative face clustering procedure, it is a 

good heuristic to make feature points remaining in the 

center of the partition. Therefore, in this paper, the 

objective function we need to minimize is represented 

as 
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Here, Pi is a set of faces belonged to partition i. In the 

beginning of the process, our algorithm set the subset Pi 

equal to subset FPi, and then iterative dispatch each 

face to a certain partition until it reaches a stable 

condition. 

 

4. Results 

 
Figure 4 shows two experimental results by using 

different feature points marked by the user. The user 

can flexibly decide how many partitions are required 

and where the cutting boundary should be as long as we 

draw some region on the mesh. Therefore, it is indeed a 
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helpful “WYSIWYG” mesh decomposition system. Our 

system can allow a user to decompose a mesh with 

different hierarchical level, but not limited by it. For 

example, the arms of Dino can be decomposed into 

upper arms, forearms, palms and fingers, but other 

positions are still in the rough level. The left leg of tree 

frog is decomposed into different levels, but other 

partitions are not. Figure 5 shows three extra 

experimental results.  

 

5. Conclusion and Future Work 

 
In this paper, we present a semi-automatic 

“WYSIWYG” mesh decomposition scheme to let the 

user flexibly decompose a mesh into several 

meaningful partitions. Although user specification can 

decompose a mesh into meaningful partitions for 

various purposes, sometime it is a little troublesome to 

point out feature points by user, especially when there 

are lots of partitions to cut. We believe that advances in 

artificial intelligence may overcome this situation. The 

system will learn where the marked regions are 

depending on the kind of dual graph and result of 

decomposition when the user draws some area on the 

mesh. Therefore, the automatic process for future 

decomposition scheme will be parameter free and 

satisfy the desire of the user as much as possible. 
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Figure 4: Different hierarchical segmentations of Dino and Tree Frog by user specifications. A user can decide how 

fine the level is in different region of the mesh. 

 

Figure 5: Different hierarchical mesh segmentations by user specifications. 

 

Authorized licensed use limited to: National Cheng Kung Univ.. Downloaded on November 14,2024 at 23:22:48 UTC from IEEE Xplore.  Restrictions apply. 


