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• Administrative

• Q&A



Light and Surfaces
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Shading

• Variation in observed color across an object
– strongly affected by lighting
– present even for 

homogeneous material

• caused by how a material reflects light
– depends on

• geometry
• lighting
• material

– therefore gives cues to all 3
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Recognizing materials
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• Human visual system is quite good 
at understanding shading
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Simple materials

metal dielectricGoniometric diagram
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Adding microgeometry

Goniometric diagram
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Classic reflection behavior

Lambertianrough specular

ideal specular (Fresnel)







Dot moved!





Diffuse
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Diffuse reflection

Top face of cube
receives a certain 

amount of light

Top face of 
60º rotated cube

intercepts half the light

• Light is scattered uniformly in all directions
– the surface color is the same for all viewing directions

• Lambert’s cosine law

In general, light per unit
area is proportional to

cos q = L . N
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Diffuse reflection

Top face of cube
receives a certain 

amount of light

Top face of 
60º rotated cube

intercepts half the light

• Light is scattered uniformly in all directions
– the surface color is the same for all viewing directions

• Lambert’s cosine law

In general, light per unit
area is proportional to

cos q = L . N

N dot L = |N| |L| cos(theta)
Assume normalized N,L
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Lambertian shading

• Shading independent of view direction

diffuse
coefficient

diffusely
reflected

light

illumination
from source
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Lambertian shading

• Produces matte appearance
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Diffuse shading
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Q Lambertian Shading

In which configuration does the Lambertian 
surface appear brightest?

(A) (B) (C) (D)



Participation Survey



Specular
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Specular shading (Phong model)

• Intensity depends on view direction
– bright near mirror configuration



Cornell CS465 Spring 2004 • Lecture 4 © 2004 Steve Marschner • 26

Specular shading (Phong model)

• Intensity depends on view direction
– bright near mirror configuration
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Specular shading (Phong model)

• Intensity depends on view direction
– bright near mirror configuration

specular
coefficient

specularly
reflected

light
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Specular shading (Phong model)

• Intensity depends on view direction
– bright near mirror configuration

specular
coefficient

specularly
reflected

light
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Phong model—plots

• Increasing n narrows the lobe
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Phong variant: Blinn-Phong

• Rather than computing reflection directly, just compare 
to normal bisection property
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Specular shading

• Phong and Blinn-Phong
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Diffuse + Phong shading
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Q Specular Shading

In which configuration does the 
specular surface appear brightest?

(A) (B) (C) (D)



Phong Model = Ambient + Diffuse + Specular 
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Ambient shading

• Shading does not depend on anything
– add constant color to account for disregarded illumination 

and fill in black shadows

ambient
coefficient

reflected
ambient

light
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Putting it together

• Usually include ambient, diffuse, Phong in one model

• The final result is the sum over many lights

ambient diffuse specular
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Putting it together

• Usually include ambient, diffuse, Phong in one model

• The final result is the sum over many lights

Definitely Vectors
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Putting it together

• Usually include ambient, diffuse, Phong in one model

• The final result is the sum over many lights

Dot product (not Cross product)
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Putting it together

• Usually include ambient, diffuse, Phong in one model

• The final result is the sum over many lights

Scalar value (not vector)
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Putting it together

• Usually include ambient, diffuse, Phong in one model

• The final result is the sum over many lights
Colors! Could be either :
- scalar – this is an intensity
- vector – this is RGB
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Putting it together

• Usually include ambient, diffuse, Phong in one model

• The final result is the sum over many lights
Could be (vector)(vector):
Is that a ‘dot’ or a ‘cross’?
Neither! Its elementwise.
Treat each of R,G,B independently.



Really great example to play with the parameters:
http://www.cs.toronto.edu/~jacobson/phong-demo/

Play with ambient, diffuse, specular

(Gouraud vs Phong later)

http://www.cs.toronto.edu/~jacobson/phong-demo/


Ambient + Diffuse + Specular

Ambient+Diffuse+Specular Ambient+Diffuse Diffuse+Specular

Ambient Only Diffuse Only Specular Only



Specular Exponent

Specular exponent n=4 Specular exponent n=128Specular exponent n=32



Lighting Coefficients Q

What are the coefficients for this rendering?

(A) kAmbient = 0, kDiffuse = 0, kSpecular = 0
(B) kAmbient = 0, kDiffuse = 0.5, kSpecular = 0.5
(C)kAmbient = 0.5, kDiffuse = 0.5, kSpecular = 0
(D)kAmbient = 0.5, kDiffuse = 0, kSpecular = 0.5
(E) kAmbient = 0, kDiffuse = 0, kSpecular = 0.5



Lighting Coefficients Q

What are the coefficients for this rendering?

(A) kAmbient = 0, kDiffuse = 0, kSpecular = 0
(B) kAmbient = 0, kDiffuse = 0.5, kSpecular = 0.5
(C)kAmbient = 0.5, kDiffuse = 0.5, kSpecular = 0
(D)kAmbient = 0.5, kDiffuse = 0, kSpecular = 0.5
(E) kAmbient = 0, kDiffuse = 0, kSpecular = 0.5



Which Normal?







Calculate lighting at vertex, interpolate light intensity



Interpolate normal, calculate lighting at fragment 



Really great example to play with the parameters:
http://www.cs.toronto.edu/~jacobson/phong-demo/

Play with Gouraud vs Phong 

http://www.cs.toronto.edu/~jacobson/phong-demo/


Gouraud 
Shading

Calculate lighting at vertex 



Phong 
Shading

Calculate lighting at fragment 



BRDFs





Bidirectional Reflectance Distribution Function (BRDF)

4D function 
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Isotropic vs anisotropic
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BRDF Q

(A) (B) (C) (D)



Spot Lights







Bump/Normal Maps



Bump Map







Bump Map vs Normal Map











WebGL





ProjectionMatrix * ViewMatrix * ModelMatrix



Only use the ModelMatrix to get World Coordinates



NormalMatrix not ModelMatrix - see book



Interpolate these things in the 
fragment shader



Normalize again since interpolation 
might mess up the length



LightDirection



N dot L  !!!



Triangle vertex color
Light color



A4: Need to add Specular



Administrative



Q&A



End


