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Preface ïWhat is Light-Field Camera?

1. Website: https://www.lytro.com/

2. Property: Refocusing, change orientation, display photo 

in 3D
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https://www.lytro.com/


Image Rendering

ÅA tradition image is formed by integrating rays from 

every direction at each pixel.
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▬: direction (ᶰὙ )

►▲ȟ▬: radiance

╘▲: pixel value



Image rendering

ÅA tradition image is formed by integrating rays from 

every direction at each pixel.
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░ȟ▒: position

□ȟ▪: direction
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Light-Field History

ÅThe first light-field camera ï1908 Lippmannôs Integral 

Photographs
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Lippmannôs Integral PhotographsLippmann



Light-Field History

Å1968 Chutjian(First Digital Light-Field)
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Light-Field History

Å1992 Adelson- Plenopticcamera
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[1] Adelson, E. H., Wang, J. Y. ñSingle lens stereo with a plenopticcameraò.IEEE TPAMI, 14(2), 99-106, 1992.

Micro-lens

Main lens



ÅMain lens focused on micro-lens, micro-lens focused on 

infinity

Plenoptic1.0
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[1] Adelson, E. H., Wang, J. Y. ñSingle lens stereo with a plenopticcameraò.IEEE TPAMI, 14(2), 99-106, 1992.



Plenoptic1.0

ÅRaw data
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Plenoptic1.0

ÅPlenopticimage is a flat 2D array of 2D arrays
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Plenoptic1.0 - Rendering

ÅLight-field rendering
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Plenoptic1.0 - Rendering

ÅRender different viewpoint
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Plenoptic1.0 - Rendering

ÅRender different viewpoint
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Plenoptic1.0 - Rendering

ÅRender different viewpoint
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Plenoptic1.0 - Rendering

ÅRender different viewpoint

16



Plenoptic1.0 - Rendering

ÅRender different viewpoint
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Plenoptic1.0 - Rendering

ÅRender different viewpoint
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Plenoptic1.0 - Refocusing

ÅChange the distance from the lens to the sensor
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sensor Main lens



Plenoptic1.0 - Refocusing

ÅChange the distance from the lens to the sensor
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sensor Main lens



Plenoptic1.0 - Refocusing

ÅWe capture radiance ►. How to compute ► ?
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sensor Main lens

Micro-lens



Plenoptic1.0 - Refocusing

ÅRay travels distance ὸthrough space
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Plenoptic1.0 - Refocusing

ÅSeparate raw data into different viewpoint images
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Plenoptic1.0 - Refocusing

ÅShearing in ήᵼmerge
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Plenoptic1.0 - Refocusing
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Plenoptic1.0 - Refocusing
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Plenoptic1.0 - Refocusing
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Plenoptic1.0 - Refocusing

ÅDirect refocusing in the spatial domain requires ὕὔ
operations for each refocused image

ÅRenNg proposed the Fourier slice refocusing method:
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Direct method

Initial

Refocusing

[2] Ng, Ren. "Fourier slice photography."ACM Transactions on Graphics (TOG). Vol. 24. No. 3. ACM, 2005.



Is Plenoptic1.0 good enough?

ÅMicro-lenses images are defocused relative to main lens 

image

ÅLow resolution
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Plenoptic2.0

ÅLunsdaineand Georgiev2008: Micro-lenses satisfy the 

lens equation, and exactly focused on the main lens image.
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[3] Lumsdaine, Andrew, and TodorGeorgiev. "Full resolution lightfield rendering."IndianaUniversity and Adobe 

Systems, Tech. Rep(2008).



Comparison
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