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Hello, my name is Erwin Coumans.  
 
I'm creator of the open source Bullet physics engine, which is used in game and film production. I started Bullet while 
working at Sony Computer Entertainment America. 
I am now principal member of technical staff in the office of the CTO at Advanced Micro Devices (AMD) in California, 
and continue to work on Bullet. Several companies and developers contributed to this open source project.  
 
In this overview I will discuss some common methods related to real-time destruction in games and also film 
production. When possible we will refer to open source implementations. 
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This is the agenda for todays course. 
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The destruction process can be divided in two parts:  
 
1) the preparation of the 3D geometry, usually done during the creation of a game. This step pre-fractures a model 
into pieces that can break apart. 
Often this involves 3D content creation tools such as Autodesk Maya, 3ds Max or the open source Blender 3D 
modeler. 
 
2) the breaking of objects when plauing the game. This task is performed by the physics engine, as part of the game 
engine. 
 
I will first discuss the geometry preparation and then the runtime destruction methods at the end. 
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There are many different ways to prepare the 3D geometry for fracture.  In the following slides, I will briefly discuss 
each method. 
 
You can cut a model, represented as a closed 3D mesh into pieces using voronoi diagrams. 
Another way of cutting geometry is using Boolean operations. 
A third way is using convex decomposition, this can be performed by artists by hand, or using automatic tools. 
It can also be done by converting the 3D model into tetra, this process is called tetrahedralization. 
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Cutting a 3D model into pieces using voronoi shatter is very popular. For example it is used by the Epic Unreal Engine. 
 
You first create particles inside the 3D model. Then you create Voronoi regions that enclose those points. 
 

Some good algorithms are developed to compute voronoi regions efficiently, given a closed mesh and 

enclosed points, for example Fortune's algorithm. 

 

There is an open source Python script for Maya written by Dave Greenwood. It uses a brute-force approach 

to build the voronoi regions.  
See http://bit.ly/q4nUKp 
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Boolean operations, also known as constructive solid geometry (CSG) is a way to perform volumetric operations 
between 3D models. 
 
For example you can add two volumes together, or compute the difference between two objects, or take the 
intersection. 
Those operations allow you to break original 3D models into smaller pieces, similar to a cookie cutter. 
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We can also create a convex decomposition of a concave triangle mesh using convex decomposition. 
 
A artist can create a convex decomposition manually, using simple convex primitives such as boxes spheres and 
capsules. 
It is also possible to automatically create a convex decomposition. This process might involve the tweaking of 
parameters, so it is not fully automatic. 
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Although the convex decomposition problem is NP hard, you can implement an approximate method using top down 
or bottom up. 
 
There are some free implementations, one is by John Ratcliff. This is a top down aproach: it recursively breaks down a 
concave mesh into parts, until each part is convex. 
 
Khaled Mammou was inspired by John's work and developed a bottom up approach called HACD. 
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Given a triangle mesh, it will compute a dual graph. The nodes in the dual graph represent triangles in the original 
mesh, 
while the links in the dual graph represent shared edges in the original mesh. 
 
We create and maintain a set of clusters. Initally each triangle (or node in the dual graph) is its own cluster. 
 
We will keep on merging neighboring nodes in the dual graph, based on some concavity measurement.  
See  Game Programming Gems 8 - Chapter 2.8, p.202  or see http://bit.ly/p5VEAl 
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A mesh can also be decomposed into tetrahedral elements using Delaunay triangulation, this is the dual of voronoi 
regions. 
 
There are some open source implementations available, including Netgen, Tetgen. 
 
The Maya 2012 Digital Molecular Matter plugin by Pixelux, uses Netgen internally to perform a tetrahedralization. 
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There are some free open source implementations that can create a tetrahedral mesh from a 3d closed triangle 
mesh. 
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Once we have performed the preparation, we can perform the runtime destruction. 
 
Many games still use canned animation to perform destruction and fracture effects. This means that the fracturing 
effect has been simulated as a preparation step, 
and at runtime we just trigger the playback of an animation. This works well as long as there is no two-way 
interaction required with the fractured parts (debris). 
 
Other methods that I will briefly discuss in the following slides include real-time boolean operations, particle based 
methods, finite element method based method, and rigid body based methods. 
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Boolean operations can be used in realtime in games. Some good examples are the Red Faction games, by 

Volition. Their technology is called Geo Mod. http://en.wikipedia.org/wiki/Geo-Mod 
 

Stan Melax has an open source implementation of real-time boolean operations. It is available from 

http://melax.googlecode.com 

His work is based on the paper "Merging BSP trees yields polyhedral set operations" by Bruce Naylor, 

SIGGRAPH '90 

 

There are many challenges when using boolean operations in games. One of the challenges is related to 

level design: you need to create levels keeping in mind all the possible modifications by players. 

After the boolean operations perform the destruction, you might need to perform some physical simulation to 

check if disconnected pieces need to fall down. 
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Particle based methods can also be used for destruction and fracture. 
 
You can connect two neighboring particles by links to form a 1D rope, or you can connect 3 particles to form a 2D 
triangle, and connecting 4 particles to create a tetrahedron. 
 
It is possible to use additional links between particles to simulate bending constraints and shearing constraints. 
 
There are many ways of simulating the motion of such connected particles. One popular way is based on spring-
dampers, using a formulation based on forces and accelerations. 
Another way is to use a position based formulation. You can use a verlet style integrator, where the velocity is 
implicitly defined by the change in position between the current and previous frame. 
If constraints, such as collision constraints or lengths of links are violated, they can be corrected directly changing the 
position of particles. This is also called projection. 
 

16 



The position based dynamics method, as described by Thomas Jakobsen and later refined by Matthias Mueller, has 
been implemented in our open source Bullet library. 
This movie shows a deformable bunny, with 4 deformable wheels. The bunny and wheels are connected by special 
hinge constraints between soft bodies. 
 
The collision detection for deformable objects is interesting in this case: instead of simply colliding with the surface 
triangles, the collision happens using convex clusters. 
 
An efficient acceleration structure based on dynamic AABB trees is used. 
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A more physically correct way of simulating deformation and fracture is based on continuum mechanics, and it is 
called the finite element method. 
 
A 3D mesh is approximated using a collection of elements, usually tetrahedra. 
The strains, stress and stiffness matrix is used to compute the effect of forces and deformations. 
 
Here is an open source implementation, originally from the Open Tissue library, a project lead by Kenny Erleben from 
Denmark University. 
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On the left side you can see the effect of stiffness warping, right it is disabled. 
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This year, some researchers from Inria, France, showed the finite element method running on the GPU.  
 
This way you can simulation tens of thousands of tetrahedra. 
 

20 



When using rigid bodies, the most simple approach is to rely purely on the default simulation destruction.  
 
For example the popular game Angry Birds is using the open source Box2D rigid body engine to simulate the 
destruction of the structures. 
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