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LECTURE 6 - Culling
Hidden Surface Determination

Hidden surface determination is used in computer games development to determine which surfaces or parts of surfaces are visible to the viewer. Any surface that is not visible to the viewer can be removed from the graphics pipeline (doesn’t get rendered). This greatly speeds up the rendering of scenes.

Back face Culling - Hidden Surface Removal (HSR)

3D Computer graphics objects are ‘hollow’ meshes made from triangles (smallest polygon). Each polygon has a surface normal used to identify which side faces outward. 
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The Dot product of the surface normal and camera vector is used to determine if a face is visible. If the result is less than zero then the face gets rendered.

Viewing Frustum Culling

The viewing frustum is a geometric representation of the volume visible to the virtual camera. Usually the viewing frustum is a rectangular pyramid. 
The planes that cut through the frustum perpendicular to the viewing direction are called the Near and Far planes.

Usually, polygons outside the viewing frustum will not be visible so can be discarded from the render pipeline. Polygons that lie on the boundary of the viewing frustum need to be cut along the boundary line. The portion of the polygon that is outside the viewing frustum can then be discarded. This process is called clipping. 

NB> It's often more expensive to perform clipping checks on individual polygons than to render them outside the viewing frustum

Viewing frustum culling can be very expensive when dealing with complex meshes. To make viewing frustum culling fast, it is usually done using simple bounding volumes that surround each object, rather than checking against the object itself.
Viewing frustum culling is not performed when Ray-casting scenes as objects outside the viewing frustum are still needed when calculating reflections. 
Occlusion Culling

Occlusion culling is the process of determining which portions of an object are hidden by other objects from a given viewpoint. Many different occlusion-culling algorithms have been developed. 

The simplest is painter’s algorithm, in which polygons are sorted, and then drawn back to front.
Z-Buffer

The most common method of sorting polygons for occlusion is z buffering. The basic idea behind it is simple. The z-buffer is an area of memory that stores, for each pixel, the distance from the eye to the nearest object, as viewed through that pixel. It was originally created as a brute force method of determining which surfaces were visible to the eye and which were obscured.

The basic algorithm for visible surfaces is straightforward.

· All values in the z-buffer get initialised to maximum distance values

· For each pixel, the distance to an object is calculated.

· If the distance to the object (as seen through the pixel) is less than the value currently stored in the z-buffer, the value gets overwritten.

When z-buffers were first used, it was often the case that there was insufficient memory available to store values for the whole image. One solution to this was the scan-line-z-buffer. This was a much smaller area of memory that contained only the depth values along a single scan-line. The buffer had to be re-initialised for each scan-line pass of the renderer.
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	NB> A typical z-buffer is stored as a two dimensional array of type:



float zbuffer[scr_width][scr_height];



Alternative uses of the Z-buffer

The Z-buffer is a data set that gives distances to nearest object surfaces for each pixel in an image. This information is valuable for other reasons besides occlusion culling.

Z-compositing

If the z-buffer is saved along with the rendered image, then more sophisticated forms of image compositing become possible. For example, two separate images can be merged into one, with correct hidden surface removal performed during the merge.
Lens Effects

If we know distances to objects using the z-buffer, we can simulate various lens effects. The use of post process filters after the rendering process, or the use of lens filters during the rendering process can both be controlled using z-buffering.

Atmospheric Effects

The relative distances stored in the z-buffer of as camera or light source, can also be used to control various visual effects, such as Fog.

Shadows
Fast and accurate shadows can be calculated using z-buffers calculated from the light sources rather than the camera. Surfaces that are to be rendered can have their light depth values compared to see if there is another surface obscuring the light source and placing that part of the surface in shadow.

Alpha Channel

The alpha channel is similar to the z-buffer, except that it stores transparency values for each pixel in a scene. Where an object is partially transparent, a value between 0 and 1 can be stored in the buffer at that pixel location.

The alpha channel can be used to blend objects in the image with their backgrounds so that no compositing silhouette is visible, and background objects are visible through transparent objects.

Exercises: 
Backface Culling

Write a function to remove all hidden surfaces from your scene.

1. Calculate and render all surface normals for each face on a cube

2. Calculate and implement back-face culling within your scene using the dot product of the surface normal with the view vector.  

Viewing Frustum Culling

1. Implement viewing frustum culling to cull objects that lie outside the viewing frustum. It may be helpful to reduce the size of your viewing frustum to check that your implementation is working correctly.
Z-Buffer
1. Create your own Z-Buffer and implement occlusion culling within a 3D scene using the ‘Painters Algorithm’
2. Use the Z-Buffer to calculate Fog effects as a post process special effect. 

3. Consider the pros & cons of using the Z-Buffer to calculate Fog as a post process (multi-pass) render effect, compared to calculating Fog on a per vertex basis in real-time (single pass). 
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