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Lambert’s wall
Vertical wall: black
Horizontal plane: 
uniform

What is distribution 
of brightness on the 
ground?

A B C

Answer: every 
point sees the same 
input hemisphere -> 
each point must be 
the same.

A

B

C



More complex wall

Rays are isophotes



Sources and shading

• How bright (or what 
colour) are objects?

• One more definition:  
Exitance of a source is
– the internally 

generated power 
radiated per unit 
area on the radiating 
surface

• similar to radiosity: a 
source can have both
– radiosity, because it 

reflects
– exitance, because it 

emits

• General idea:

• But what aspects of the 
incoming radiance will 
we model?

B(x)  E (x) 
radiosity due to
incoming radiance
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Radiosity due to a point 
sources

• small, distant sphere 
radius and exitance 
E,  which is far away 
subtends solid angle 
of about       
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Radiosity due to a point source

• Radiosity is 

B x  Lo x 
 d x  Li x, cos id





 d x  Li x, cos id
D


 d x  solid angle Exitance term cos i


d x cos i

r x 2 Exitance term and some constants 



Standard nearby point source 
model

• N is the surface 
normal

• rho is diffuse albedo
• S is source vector - a 

vector from x to the 
source, whose length 
is the intensity term
– works because a 

dot-product is 
basically a cosine
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Standard distant point source 
model

• Issue: nearby point source gets bigger if 
one gets closer
– the sun doesn’t for any reasonable binding of 

closer
• Assume that all points in the model are 

close to each other with respect to the 
distance to the source.  Then the source 
vector doesn’t vary much, and the 
distance doesn’t vary much either, and we 
can roll the constants together to get:

      xSxNx dd .N
S



Shading models

• Local shading model
– Surface has radiosity 

due only to sources 
visible at each point

– Advantages:
• often easy to 

manipulate, 
expressions easy

• supports quite 
simple theories of 
how shape 
information can be 
extracted from 
shading

• Global shading model
– surface radiosity is 

due to radiance 
reflected from other 
surfaces as well as 
from surfaces

– Advantages:
• usually very 

accurate
– Disadvantage:

• extremely difficult 
to infer anything 
from shading 
values



Shape from Shading



Photometric stereo

• Assume:
– a local shading model
– a set of point sources that are infinitely distant
– a set of pictures of an object, obtained in exactly 

the same camera/object configuration but using 
different sources

– A Lambertian object (or the specular component 
has been identified and removed)



Photometric Stereo
Christopher Bireley

Bandage Dog

Imaging Setup



Preprocessing

• Remove background to 
isolate dog

• Filter with NL Means



Photometric Stereo
Christopher Bireley

Albedo image Surface Normals

3D mesh


