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Introduction 
• Light field describes the trajectory of rays incident on a 

given point in space. 
• Plenoptic cameras are a novel portable technology that 

have recently emerged commercially (e.g. Lytro, Raytrix) 
• Post-processing the light field data allows multiple unique 

images to be created from a single snapshot. 
• Variation in focus, depth of focus, and perspective can be 

achieved by post-processing the single data set. 



Light Field 



Increased Depth of Field 



Conventional Plenopic Camera 



Raw Plenoptic Image 

Source: www.tgeorgiev.net/Input.jpg 
 



Plenoptic Image 

Image is 3913 x 3913 pixels 
139 x 139 lenslets 
Each circle is roughly 27 pix 
in diameter 



Matching F/#s 

F/#s of camera lens 
and lenslets match 

F/# of camera lens 
greater than lenslet F/# 

F/# of camera lens 
less than lenslet F/# 



Conventional Plenopic Camera 



Plenoptic Sampling 



Image Reconstruction 

Sum all pixels in circle and assign value to pixel in final  
image. Acts like the camera aperture is wide open. 



Image Reconstruction 

4x Bicubic Spline 



Change DOF 

Sum the pixels over a reduced circular region to give pixel in final  
image. Acts like stopping down the camera aperture. 



Large DOF Image 

Use center pixel from each subimage as pixel in final image. Acts  
like stopping down the camera aperture to a pinhole. 



Large Depth of Field 

4x Bicubic Spline 



Depth of Field Comparison 



Zernike Expansion 

• For each color channel, represent the irradiance in the exit 
pupil as a linear combination of Zernike terms. 

• Only a finite number of terms are needed to adequately 
represent the pattern. 

• Note: a00 represents the average irradiance level over pupil. 



Zernike Polynomials 

Azimuthal Frequency, θ 
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Zernike Fit (Low Frequency) 



Zernike Fit (High Frequency) 

65 Expansion terms in these cases 



Increased Depth of Focus 

Average irradiance b0,0 
over smaller pupil is given 
by a linear combination of 
the a0,0, a2,0, a4,0,… 
coefficients from the 
original pupil. 



Depth of Focus Modification 

Full Aperture (ρ = 1.0) Reduced Aperture (ρ = 0.2) 



Perspective Change 

Use an oblique pixel from each circle as pixel in final image.  
Acts like pinhole shifted to different location in the camera aperture 



Change of Perspective 

Reduce pupil size as in 
DOF calculation. 

Translate Zernike expansion by ∆x. 



Change of Perspective 



Stereo Images 



Refocusing 

alpha=0.9 alpha=1.1 



Change in Focus 



Plenoptic 2.0 



Stanford Camera Array 
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