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LECTURE 14 - Shadows
Shadows

Visible surface algorithms are used to determine which surfaces can be seen from the current viewpoint. 

Shadow algorithms determine which surfaces can be seen from a specific light source.

Therefore, visible surface algorithms and shadow algorithms are essentially the same.

Surfaces that are not visible from the light source are in shadow.
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Fake Shadows – Blinn 1988

Fake shadows can be generated without the need for visibility testing. These shadows can be created efficiently by transforming each object into its polygonal projection, as seen from a light source, onto a designated ground plane.

These shadows are treated as surface detail polygons.

Hard shadows

Point light sources only generate fully shadowed regions – called ‘hard shadows’. These are the fastest shadows to create. However, they do tend to lack the realism of soft shadows

Soft shadows

Area or volume light sources produce soft shadows. 

Soft shadows have an umbra (fully shadowed) region and a penumbra (partially shadowed) region.

Although soft shadows are blurry in appearance, they cannot be rendered correctly by just blurring the edges with a low-pass filter. A correctly rendered shadow is sharper, the closer the shadow casting geometry is to the receiver.

Soft shadows are computationally more expensive than hard edged shadows.

Several methods for producing soft shadows have been developed, each having its own strengths and weaknesses.

Heckbert & Herf

Heckbert and Herf developed a method for producing soft shadows by sampling multiple point-light sources placed across the surface of an area light source.

Each shadow area would be added to the accumulation buffer and later averaged out to create an image with softer shadows.

This method tends to looks as it is – a number of hard-edged shadows layered on top of one another.


Gooch

Instead of varying the location of the light points on the lights surface, Gooch suggested moving the receiving planes location up and down and the projections cast upon it are averaged. This method is much faster, and produces better looking results.

Two-Pass z-buffer Shadow Algorithm - Williams 1978

Williams developed a shadow-generation method based on two passes through a z-buffer algorithm – one for the viewer and one for the light source.

The algorithm begins by calculating and storing just the z-buffer distances from the viewpoint of the light source.

Next the z-buffer and the image are calculated from the camera viewpoint using a z-buffer algorithm with the following modification:

· Whenever a pixel is determined to be visible (from the camera viewpoint), it’s object precision coordinates in the camera view 
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are transformed into coordinates in the light source’s view 
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· The transformed coordinates 
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 is used to select the value 
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 in the light source’s z-buffer. 

· If 
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is closer to the light source than 
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, then there is something blocking the light source at that point, and the pixel is rendered in shadow, otherwise it is rendered as lit.

The light’s z-buffer can be thought of as a shadow map. This algorithm can be extended to include a separate shadow-map for each light source.

Shadow Volumes – Crow 1977

Crow describes how to create a shadow volume that the object blocks from the light source. The shadow volume is defined by the light source and an object, and is bounded by a set of invisible shadow polygons.

Each shadow polygon is defined by a silhouette edge of the object as seen from the light source, and two lines emanating from the light position, through the edge’s end-points.

Each shadow polygon has a normal that points out of the shadow volume. Shadow polygons are created only for polygons facing the light.

Each end of the shadow volume is capped – one end by the original object polygon and on the other end by a scaled version of the object polygon. The scaled end has it’s normal inverted.

Shadow volumes are not rendered themselves. Rather, they are used to determine whether other objects are in shadow.

Each forward facing shadow polygon is assigned a positive (+1) value and causes those objects behind it to be in shadow. A back-facing polygon is assigned a negative (-1) value and cancels out the effect of a front facing polygon.

A ray from the camera is projected through a point on an object and into the scene. If the ray intersects with more front facing polygons than rear-facing polygons then the object is rendered in shadow, otherwise it is lit.



Exercises

1. Implement Blinn’s Fake Shadow algorithm within your scene to create a simple projected ‘hard shadow’ on the ground plane.

2. Extend your previous implementation to include the Heckbert and Herf ‘soft’ shadow algorithm using multiple sample points across the surface of the light source.

3. Implement the Gooch method by moving the ground plane during shadow sampling. Compare the strengths and weaknesses of this method of shadow mapping with the Heckbert & Herf algorithm.
4. Implement the Two Pass Shadow Mapping algorithm.

5. Implement Crow’s Shadow Volume algorithm.
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Shadow volume – defined by light source and an object
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