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LECTURE 10 – Bounding Volumes
Bounding Volumes
Bounding volumes are used in many graphical applications to improve the efficiency of geometrical operations.

Bounding volumes are basic primitives used to encapsulate more complex geometry.

Place holders

As scene complexity increases, it is often useful to use simple bounding primitives as place holders. Place holders allow the games designer to traverse the scene without having to run the game in game-mode.
NB> Games engines run in either game-mode or editor-mode. Many rendering optimisations are disabled in editor-mode to allow the games designer to see the entire scene.

Collision detection
Bounding volumes are used to simplify complex geometry. Simple collision meshes are used to identify object intersections. If two collision meshes appear to collide, then additional collision checks may be carried out to determine the extent of the intersection.
Advanced Rendering Techniques
Simple bounding volumes are commonly used to speed up Ray tracing calculations. Ray intersections are first tested against simple bounding primitives. If an intersection is identified, the ray is then tested against the actual surface of the object.
Containers / Triggers

Bounding volumes are commonly used within games to simplify / control many of the following game mechanics:

· Water boxes – detect when player enters / leaves water container
· Trigger boxes

· Shadows volumes

· Particle Systems
· Fluid dynamics – used to model iso-surfaces

	


Types

Axis-aligned bounding box (AABB)
	
[image: image1.emf]
	The axis-aligned bounding box is one of the commonest bounding volumes. All faces are orientated to be in-line with the given coordinate system.

AABB can be calculated by finding the smallest (min) and largest (max) positional values for all vertices in the object. These min / max values are used to define a rectangular container.


Spheres
	
[image: image2.emf]
	Spheres are the easiest bounding volumes to implement. Collision tests against spheres are very inexpensive to calculate.

Advantage:
Bounding spheres are rotationally invariant

There are several methods for calculating a bounding sphere. One of the simplest methods is to calculate the average (centre point) of all vertices in the object. The radius is then the greatest distance from this centre-point.

NB>This is not necessarily the best method, especially if the object contains outlying vertices. A better method is to calculate the AABB and then average the four corner points.


Oriented Bounding Box (OBB)

	
[image: image3.emf]
	The oriented bounding box is similar to an AABB but with an arbitrary rotation.

The calculation of an OBB-OBB intersection is surprisingly complicated when dealing with 3D geometry.

For additional information regarding the creation of an oriented bounding box refer to “Real-time collision detection” - Christer Ericson


k-DOP
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	A k-DOP is a discrete oriented polytope with k number of faces. A k-DOP is constructed by taking k number of planes at infinity, and moving them until they collide with the object.

8-DOP uses four pairs of parallel planes to create an irregular sized octagon.


Convex Hulls
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	The convex hull is the smallest polygon (2D) which contains all vertices. All internal angles are less than or equal to 180 degrees. 

(refer to previous Lecture notes: Convex Hulls)




Exercises:

1. Implement your own axis-aligned bounding box (AABB)
2. Implement your own sphere bounding box
3. Create your own k-DOP algorithm that allows the user to specify how many faces to use in the bounding primitive.
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