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Direct Lighting and Indirect Lighting  

Direct 

Indirect 

Direct 



Direct Lighting and Indirect Lighting  



The geometry is better understood with correct lighting and shading. 

Lighting 

Jeremy Birn, ñ[digital] Lighting & Renderingò, 2000 New Riders Publishers 



Assumptions In Direct Lighting  

Light travels directly from light source to all object 

surfaces (no occlusion)  

\ no shadows 

 

All light sources are point light sources  

(no geometric area) 

 

No interreflections from any surfaces 

 

Lights maybe ñdirectionalò, ñspotò or ñomni lightsò 



Smooth Surface, Rough Surface, 
Combination  

Roy S. Berns. ñBillmeyer and Saltzmanôs Principles of Color Technology, 3rd Ed. 2000, John Wiley & Sons, Inc. p. 12. 



Reflectance - Three Forms  

Ideal diffuse 
(Lambertian) 

Directional 
diffuse 

Ideal 
specular 



N Light 

Source 
q 

Observer 

I 

I = kd cosq 

L 

Diffuse Reflections  



Cosine Calculations  

Dot Product Definition 
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Usually, the normal and light source vector 

directions are given as unit normals. 



Gouraud Thesis 

Gouraud Flat Polygon Shading  

Each polygon is shaded based on a single normal. 
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The shading at point R is computed as 

two types of successive linear interpolations: 

across polygon edges: P between A and B, 

       Q between A and D; 

across the scan line:    R between P and Q. 

Four polygons 

approximating a surface 

in the vicinity of point A. 

Gouraud Smooth Shading  

Gouraud Thesis 



Gouraud Thesis 

Gouraud Smooth Shading  

Each pixel is shaded by interpolating intensities 

computed at each of the polygonôs vertices. 



Steps in Gouraud Shading  

ÅFor each polygon 

ïCompute vertex intensities (using any illumination model) 

ïCompute slopes in spatial (image) domain and intensity 
domain (linear interpolation) 

ïIncrement by scan line 
 

ÅFor each scan line 

ïCompute slope in intensity domain 

ïRender each pixel 

 

Note the intensity computations are based on object space data, but 

all interpolation is done in image space. 



Jeremy Birn. Digital Lighting & Rendering , p. 74. 



Phong Model Assumptions  

ÅThe reflection function can be represented by three 

components: a constant ambient term, and diffuse and specular 

components 

ÅIsotropic (rotationally symmetric) 

ÅPoint or parallel light source (one vector direction) 

ÅComputationally simple 
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Phong Model Specular Reflection  



Variation of cos nb 
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Phong Reflection Model  

R 



Bui Toung Phong Thesis 



Phong Model with Constant Ambient Term 
and Variations of Specular Exponent  

Roy Hall 



Phong Model with Constant Specular 
Exponent and Variation of Ambient Term  

Roy Hall 
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Reflection Geometry (BRDF)  

Bidirectional Reflection Distribution Function 



Light Measurement Laboratory  



Spectroradiometer 

Mirror 
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Gonioreflectometer  



First surface 

reflections 

Multiple surface 

reflections 

Subsurface 

reflections 

Reflection Processes  



Gaussian Distribution  

m = 0.2 

m = 0.6 

Where m=root mean square slope of the microfacets 


