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Interaction between
Lights and Objects



   

Intersecting a Complex Object

● Defining a complex object
– Triangle mesh on vertexes
– Gouraud shading

● Expensive to ray trace
– Test every ray against every triangle in the object
– Test bounding box of entire object

● Intersections
– Plane
– Axis-aligned box
– Generic triangle



   

Perspective Ray Tracing



   

Stereoscopy



   

How does a pixel get colored?
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Theoretical foundations
Ray Tracing from the Ground Up Chapters 13-15

● Bidirectional Reflectance Distribution Function
– BRDF
– Describes how light is reflected on each bounce
– Chains to transfer colors



   

Radiometric Quantities

● Radiant Energy Q (J)

● Radiant Flux  = dQ/dt (W)
● Radiant Flux Density d/dA  (W/m2)
● Irradiance E [Arriving flux density] 
● Radiant exitance M [Leaving flux density]
● Radiant Intensity I  d/d  (W/m2/sr)
● Radiance L  d2/dAd  (W/m2/sr)



   

Ray Properties

● Radiance is constant along rays
● Radiance can be defined at the eye
● Radiance can be defined at a point



   

Angular Dependence on Irradiance

● Lambert's Law
– L = d2/dAdcos



   

Notation and Directions



   

BRDF

● Definition
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● Properties
– Reciprocity
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– Linearity
● Sum all BDRFs at a point

– Conservation of energy
● Total re-radiated energy must be less than incident



   

Common BDRFs
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Bouncing Rays from Surfaces



   

Antialiasing



   

Super-sampling Pixels



   

Super-sampling Area Lights



   

Side-effects of Sampling Pattern



   

Depth of Field

● Important for realism
– Background is “fuzzy”

● Partly out of focus
– Imperfect optics
– Turbulence

● Graphic backgrounds 
are often too perfect



   

Thin Lens Theory



   

Out of Focus Images



   

Depth of Field Results



   

Ambient Occlusion

● Floor has a vague 
shadow outline

● Parts of object near 
floor is darker

● Ambient light is not 
anisotropic and 
uniform



   

Computing Ambient Occlusion



   

Ambient Occlusion Results


