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LECTURE 11 - Illumination
Illumination Models

In computer games applications, simple light source models are generally used to avoid excessive computations. Light emitting properties using RGB (red, green, blue) values are used for each light source. The RGB value is used to describe the amount, or intensity, of that colour component.

Light Sources

Point light sources

The simplest light source is the point light source. The point light source has a position, a single RGB value and emits light in all directions. A point light source provides a reasonable approximation for sources whose dimensions are small compared to objects in the scene. Larger point light sources can be used effectively at greater distances

Infinitely Distant Light Sources

Large light sources (such as the sun), which are very far away from the scene, can also be approximated as a point light source, but there is little variation in its directional effects. A remote light source only illuminates the scene from one direction. The light source emitted from a distant light source is generally considered constant.

An infinitely distant light source has only a direction vector and an RGB intensity value for the illumination calculation.

Radial Intensity

In principle, the intensity of light from a point source is inversely proportional to the square of the distance from the source.
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This means that a surface close to a light source receives a higher incident light intensity from that source than a more distant surface.

However, using a simple square-law attenuation factor of 
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, does not work well for graphical applications. An approximation of a lights’ intensity over distance (fall-off) can better be calculated using three coefficients - constant, linear and quadratic as follows:
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The numerical values for the coefficients 
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, can then be adjusted to make the results look more realistic
The constant 
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prevents the denominator becoming too small when the light is very close. The overall expression is clamped to a maximum of 1.0 to ensure it always attenuates.
For a light source at infinity (i.e. sun), attenuation is not used. Instead, we set the overall intensity to 1.0

Directional Light Sources and Spotlight Effects

Local lights sources can be modified to produce a directional beam of light (spot light). 

Spotlights have their output constrained to a cone. 

· Outside the cone there is no light at all.

· Inside the cone we model the intensity as being greatest on the axis of the cone and gradually falling off as the angle increases.
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The intensity can be calculated using the dot product as follows:
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Warn[
] suggests implementing ‘flaps’ and ‘cones’ to restrict the spread of light to a limited area within the scene.

Flaps (barn doors) are used in professional photography to confine the spread of a light to a designated range in x,y and z  world coordinates. Each light has six flaps associated to it. These flaps are used to control the overall shape of the projected light.
Cones are most commonly used to limit the spread of the projected light to create a ‘lamp shade’ effect. This is easily accomplished by clamping the minimum dot product permitted to some pre-defined limit. Values outside this limit are clamped to zero and no illumination takes place.

Basic Illumination Models

Accurately calculating all the light in a scene through all scattering and reflection processes is too complex a problem to solve in real time graphical applications.

Models like ray tracing and radiosity are only approximations to the exact solution – but they are still too slow for real time rendering

As a result, most graphical applications use empirical
 models that do a reasonable job with much less effort –

· Each colour is handled separately (red, green, blue)

· Model lighting using only simple types of sources with several components

· Surface reflection is modelled using the sum of several terms

Ambient Illumination
Objects within a scene that are not directly illuminated by a light source may still be visible. This is due to global diffuse reflections (ambient light) from other various illuminated surfaces within the scene.

We use an intensity parameter 
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to model basic ambient light within a scene

Diffuse Reflection

 We can model diffuse reflections from a surface by assuming that incident light is scattered with equal intensity in all directions. 

These surfaces are called Lambertian reflectors (or ideal defuse reflectors), because the reflected light energy from any point on the surface is calculated with Lamberts Cosine Law
.

For each Lambertian surface, we can set a parameter 
[image: image12.wmf]d
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, that models the incident light scattered as diffuse reflections. This parameter is called the diffuse reflection coefficient, and is assigned a constant value in the interval 0.0 to 1.0, according to the reflective properties required.

If we want a highly reflective surface (shiny metal) then we set the diffuse reflection coefficient near 1.0. If we want a surface that appears to absorb most of the incident light (brick), we should set the coefficient near 0.0.

The ambient contribution to the diffuse reflection at any point on the surface is:
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Ambient light alone makes everything look flat and uninteresting. Therefore, most scenes have at least one positional light source, often placed at the viewing position.

When a surface is illuminated by a light source with intensity 
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, the amount of incident light from the source is directly relative to the orientation of the surface to the light source direction.

We can model the amount of incident light on a surface from a source with intensity 
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 as follows:
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We can now model the diffuse reflections from a light source with intensity 
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, using the following calculation:
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where 
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 is the angle between the surface normal and the incident light direction.
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, which needs recalculating whenever either the light direction or surface normal changes
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The unit direction vector L can be calculated as follows:


[image: image22.wmf]|

|

surfacePos

lightPos

surfacePos

lightPos

L

-

-

=


The addition of an ambient-reflection coefficient 
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can also be assigned to each surface to further modify the ambient-light intensity 
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EXERCISE:

1. Implement a simple directional light source within your scene

2. Extend the previous implementation to include an attenuation function using the ‘square-law’ attenuation factor
3. Implement your own improved light attenuation function using the three coefficients – constant, linear and quadratic
4. Implement an attenuated Cone light source

5. Implement Ambient, Diffuse and Diffuse reflection illumination models
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� EMBED Equation.3  ���





Fig.5.0
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� EMBED Equation.3  ���





















































� Empirical - derived from or guided by experience or experiment


� Lamberts Cosine Law states that the amount of radiant energy coming from any small area � EMBED Equation.3  ���in a direction � EMBED Equation.3  ���relative to the surface normal is directly proportional to � EMBED Equation.3  ��� (figure 5.0).





� Warn.D.R. “Lighting Controls for Synthetic Images” SIGGRAPH ’83, pp13-21
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