












 

 
Figure 3.11: Sample tree structure for tetrahedral domain 
having depth of two. 

 Quad-tree structure (Figure 3.11) is a natural 
formation for the tetrahedral domain, and can be 
divided hierarchically. Tree nodes are transferred 
efficiently via network since a tree node contains a 
range identifier which is actually the combination of 
upper left and lower right node index numbers, and 
state information of corresponding region as a 2D 
array. Minimum depth level for the tree can be 
adjusted to keep the packaged tree node size smaller 
then the maximum packet size allowed by the 
network protocol. 

Domain divisions are designed upon a quad tree 
based structure in the figure (Figure 3.11). While 
dividing the domain into sub-domains, equivalence 
of the number of shared grid nodes is an important 
criterion. However, keeping the domain boundaries 
shorter for an accurate synchronization of the 
physical simulation is essential, and keeping the 
fragmentation minimal for efficient network 
transmission is also important.  

At the beginning of the simulation, each client 
starts to simulate the whole domain independently. 
When a connection invoked, domain is partitioned 
according to the points of interest where the forces 
are applied by the clients. Nodes at the domain 
boundaries are treated as boundary conditions, and 
the dynamical simulation of the local domain 
performed consequently at the each client. 

4 RESULTS 

Our graphical sub-system can efficiently handle very 
large meshes, taking advantage of regular-mesh and 
subdivision methodology as presented in the 
previous chapters (Figure 4.1). Our system renders 
meshes using the Phong shading model at interactive 
frame rates (25 fps) with resolution up to 100K 
polygons on an AMD Opteron 2.6 GHz PC equipped 
with NVIDIA Quadro FX4500 GPU. We 
implemented Phong shading model on the GPU. 
Vertex positions are uploaded to texture memory 
and vertex normals are computed on the fly using 
texture lookups. 

The proposed network communication model 
can handle synchronous simulation among two peers 
of a surface up to 10K vertices over the local area 
network. This level has a bandwidth requirement of 
20 M Bits per second without any compression.  

We also tested the performance of the system by 
comparing computational load and number of 
simulated nodes. Our deformation engine can handle 
multi-resolution meshes up to 30K nodes, and 
maintains interactivity at less than %30 CPU 
utilization. Partitioning the domain between clients 
reduces computational load by 45% on the average, 
and increases the running speed by a factor of 1.8, 
depending on the partitioning ratio.  

 
Figure 4.1: (a) One peer and (b) two-peers collaborative 
network deformation of a sample model having a regular 
mesh structure. 

5 CONCLUSION  

We have proposed a new technique for 
deformable body simulations in the field of 
collaborative virtual environments and introduced 
several improvements over the methods we adopted. 
We found that adaptive refinement and multilevel 
meshing strategies are promising research domains 
that can be further exploited for increased network 
efficiency and better physical accuracy for CVE’s. 

Furthermore, we showed that the partitioning of 
physical simulation domain has a considerable effect 
on performance, and makes real-time simulation 
possible in scenarios where only one peer is 
incapable of handling the computational load. 

As future work, we consider on the fly 
compression which might significantly reduce the 
bandwidth requirement but can degrade overall 
performance because of the additional computational 
cost. Optimization of the system for the Internet is 
out of the scope of this paper, but it is safe to predict 
that the network lag on public networks will have an 
impact on performance. Our method needs to be 



 

optimized for the Internet, and tested over large 
physical distances to overcome possible negative 
network effects. 
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