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LECTURE 12 – Phong Illumination
Specular Reflection

The bright spot, or specular reflection, seen on shiny surfaces is the result of total, or near total, reflection of the incident light in a concentrated region about the specular-reflection angle.

The specular reflection angle equals the angle in incidence (Fig 6.0). 

For an ideal reflector, the specular reflection is only visible when the viewing direction equals the specular reflection angle. 
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On real surfaces light is reflected in a cone centred about the specular angle. The size of the cone depends on how shiny the surface is. For very shiny surfaces the cone narrows, whereas, for dull surfaces the cone broadens.
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Phong Specular Reflection Model

The Phong specular reflection model, developed by Phong Bui Tuong, is an empirical model for calculating the specular reflection range.

The intensity of specular reflection is proportional to 
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The angle 
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 can be assigned values in the range of 
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 varies from 0.0 to 1.0.

The value assigned to the specular-reflection exponent 
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 is determined by the type of surface that we want to display. 

Shiny surfaces are modelled with a high 
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 (100+), and smaller values (down to 1) are used for duller surfaces.

Specular intensity variations are modelled using a specular-reflection coefficient, 
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. At 
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, all the incident light is reflected.
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where:
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 is the intensity of the light source


 is the viewing angle relative to the specular-reflection direction R 

Because the specular reflection is nearly constant for all incident angles, we can replace 
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with a constant specular-reflection coefficient in the range of 0.0 to 1.0 for each surface.
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Halfway Vector

A somewhat simplified Phong model can be obtained using the halfway vector H. This vector lies between L and V. We can replace 
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 in the Phong model with the dot product 
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The halfway vector is obtained as follows:
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Combining the Diffuse and Specular Reflections

The combined diffuse and specular reflections, for a single light source, from a position on an illuminated surface that uses the halfway vector can be written as:
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Alternatively, the combined diffuse and specular reflections, for a single light source, from a position on an illuminated surface that uses the reflection vector can be written as:
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Multiple light sources

Multiple light sources can be incorporated into the illumination model as follows:


[image: image28.wmf]specular

diffuse

I

I

I

+

=



[image: image29.wmf])

)

(

)

(

(

1

s

n

i

s

i

d

n

i

li

a

a

H

N

k

L

N

k

I

I

k

·

+

·

+

=

å

=


RGB Colour Considerations

Each intensity specification in the illumination model is a three-element vector that designates the red, green and blue (RGB) components of that intensity.

Therefore, each light source is specified as follows:
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Similarly, the reflection coefficients are specified as follows:
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EXERCISE:

1. Implement the Phong Illumination model as described above
Fig.6.0
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