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The Challenge 

  The challenge of producing realistic 
images of 3D scenes is often broken 
into three problems:  
 modeling reflection to account for the 

interaction of light with different materials  
  deriving illumination algorithms to simulate 

the transport of light throughout the 
environment  

 modeling a camera that simulates the 
process of image formation and recording 



Background 

 Rendering research had concentrated 
on only two areas:  
 modeling the reflection of light from 

materials 
  calculating the direct and indirect illumination 

from light sources and other surfaces 
 Craig Kolb, Don Mitchell, Pat Hanrahan 

sought to develop a realistic camera 
model. 



What the paper proposes… 

 Develop a physically-based camera 
model that accurately computes the 
irradiance on the film given the incoming 
radiance from the scene. 

 Model a camera as a system of lenses 
and film backplane. 



The Benefit 

 Allows for accurate comparisons 
between simulated and empirical data. 

 Makes it possible to seamlessly merge 
acquired data and synthetic data to 
produce special effects/augmented 
reality. 

  Increases usability by using a camera 
metaphor that is more intuitive to 
designers. 



Defining a Camera Model 
  Radius = radius of 

curvature [mm] 

  Thick = lens thickness 
[mm] 

  Nd = index of 
Refraction 

  V-no = change in 
refraction with 
wavelength 

  Ap = aperture or 
diameter of the lens 
[mm] 



Simulating Lens Systems 

  There are two challenges to simulating a 
real lens system: 
  The geometry of image formation must be 

correctly computed. 
  The radiometry of image formation must be 

correctly computed. 



How is this accomplished? 
  Transform the scene radiances computed by the lighting 

and shading modules into the response at a pixel. 

x’    = position vector on backplane 
w’    = direction vector towards lens system 
T    = time 
Lamda = wavelength 
L    = scene spectral radiance 
T    = transformation from image space to object space 
S(t)   = models shutter 
P    = sensor response characteristics 



Ray Tracing Method 



Processing 

  Images typically required 90 minutes of 
CPU time to compute on a Silicon 
Graphics Indigo2 workstation at 16 rays 
per pixel.  

 Approximately 10% of that time was 
spent tracing rays through the lens 
system, and thus the use of the full lens 
simulation is quite practical. 



Results 

Full Lens Simulation Standard Model 



Examples 

16mm Fisheye 
Lens 

35mm Wide-
Angle Lens 



Examples 
50mm double-Gauss Lens 

200mm Telephoto Lens 



Focusing Example 



Irradiance Example 



Questions? 


