Culling Points outside the Viewing frustum.


[image: ]


a) [bookmark: _GoBack]Frustum reproduced from the OpenGL Red Book
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Fig 1 a) and b).  The frustum and its planes. 

Recall that the plane equation is given by n.x + d = 0 where x is an arbitrary point,  n is the normalized normal,  d= -n.P0 and P0 is any point on the plane.  The multiplication shown is the vector dot product. 

We can use this equation to calculate the shortest distance from a point to a plane by recalling that:-  
i) if x is on the plane n.x + d = 0; 
ii) if x is to one side then it is positive, else it is negative.  
iii) if n is normalised then the value of |n.x + d| is the shortest distance from the plane to the point. 

The following example illustrates the method.  A plane is described by the normal a = (0,12,5) and a point on the plane P0 =(0,1,1) Calculate the distance of the point (2,4,1) from the plane. 
									
            Normalise a.  Call it n.  n=a/|a|     |a| = 13 (5,12,13 is a pythag triple ;-)
  		n=(0, 0.923, 0.385)  				
x = (2,4,1).  					  
d=-n.P0  = -(0 + 1.0*0.923 + 1.0*0.385) =  -1.308	
n.x=(0 + 4.0*0.923 + 1*0.385) = 4.077;   
n.x + d = 4.077 – 1.308 = 2.769                             
Therefore, distance from plane is 2.769 units.




So how could the plane equation as used above be used to cull points outside the viewing frustum?  Well, if n is normalised then the value of n.x  + d is the shortest distance from the plane to the point, so plugging x into the plane equation will tell us where, with respect to the plane surface, the point is – hence this can be used for culling as follows:-

1. Normalize n.
2. Calculate n.x and n.P0
3. Let c= n.x + n.P0
4. If (c==0) then point is on plane.
5. If (c>0) then point above plane (as pointed to by normal) and may be culled
6. If (c<0) then point is below plane and might be rendered.

This is repeated for all 6 planes that make up the viewing frustum. If we get a positive result for all planes then we can render the point.   If we perform culling AFTER we have transformed the viewing frustum into the canonical view volume (i.e points are in normalized device co-ordinates) the planes are all parallel to one of the x,y or z planes – that is the plane normals will be either (+/-1,0,0);  (0,+/-1,0) or (0,0,+/-1) – and the points P0 will contain zeros, minus one or plus one.  This makes the calculation very straight forward!
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