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Rendering = Scene to Image 



Two approaches to rendering 



Rendering – Pinhole Camera 



Rendering



Dürer’s Ray Casting Machine 
• Albrecht Dürer, 16th century 
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Dürer’s Ray Casting Machine 
• Albrecht Dürer, 16th century 





Generating eye rays 



Software interface for cameras







Ray intersection



































Intersection against many shapes
• The basic idea is:

























Image so far – diffuse shading







Shadow rounding errors
• Don’t fall victim to one of the classic blunders: 

• What’s going one? 
• Hint: at what t does the shadow ray intersect the surface your are 

shading?

















Specular shading (Blinn-Phong) 



















General shading by bidirectional reflectance 
distribution function (BRDF)







Reflection and transmission 
Index of refraction is speed of light, 
relative to speed of light in vacuum 
= c/v, c is speed in vacuum 

Vacuum: 1.0  
Air: 1.000277   
Water: 1.33  
Glass: 1.49 



Translucency 
• Most real objects are not transparent, but blur the background 

image  

• Scatter light on other side of surface 

•   

• Use stochastic sampling (called distributed ray tracing) 



Transmission + Translucency Example 



Total Internal Reflection 



Reflected and transmitted rays 



Recursive Shading Model

• Global ambient term, emission from material 
• For each light, diffuse specular terms 
• Highlighted terms are recursive specularities [mirror reflections] and 

transmission (latter is extra) 
• Trace secondary rays for mirror reflections and refractions, include 

contribution in lighting model

l = unit vector to light; v = l reflected about n; n = surface normal; v = vector to viewer

















Acceleration
• Testing each object for each ray is slow 

• Fewer Rays 
• Adaptive sampling, depth control 

• Generalized Rays 
• Beam tracing, cone tracing, pencil tracing etc. 

• Faster Intersections (more on this later) 
• Optimized Ray-Object Intersections 
• Fewer Intersections



Acceleration Structures
• Bounding boxes (possibly hierarchical) 

• If no intersection bounding box, needn’t check objects 

• Spatial Hierarchies (Oct-trees, kd trees, BSP trees)



Acceleration and Regular Grids
• Simplest acceleration, for example 5x5x5 grid 
• For each grid cell, store overlapping triangles 
• March ray along grid (need to be careful with this), test against 

each triangle in grid cell 

• More sophisticated: kd-tree, oct-tree bsp-tree 
• Or use (hierarchical) bounding boxes



Motivation: Effects needed for Realism

Reflections  
(Mirrors and Glossy) Transparency, Refractions 

(Water, Glass)

(Soft)Shadows
Caustics

Inter reflections (Color Bleeding)

Caustics

Depth of Field



Motivation: Effects needed for Realism
• (Soft) Shadows 
• Reflections (Mirrors and Glossy) 
• Transparency (Water, Glass) 
• Inter reflections (Color Bleeding) 
• Complex Illumination (Natural, Area Light) 
• Realistic Materials (Velvet, Paints, Glass) 
•  …
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