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Overview of 4D Light Field Representation

Li Yaning, Wang Xue, Zhou Guoging, Wang Qing

School of Computer Science, Northwestern Polytechnical University, Xi’an, Shaanxi 710072, China

Abstract Light field imaging and processing is one of the most potential directions in the field of computational
photography. Constructing concise and efficient representations of light field is the theoretical basis and key to
promote the applications of light field. Based on the depth, texture, geometry, scale, and spectrum of light field,
this paper analyzes characteristics of typical light field representations, including sub-aperture image, epipolar plane
image, focal stack, super-pixel, multiplane images, hypergraph, Fourier slice, Fourier disparity layer, and epipolar
focus spectrum. This paper also summarizes the impacts of different representations for light field applications,
such as reconstruction, depth estimation, editing and so on. Finally, the advantages, disadvantages, and potential
applications of various representations are summarized.
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Fig. 1 Basic representation of 4D light field® . (a) Parametric representation of two-parallel plane; (b) sub-aperture image array
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Fig. 2 EPI representation of 4D light field. (a) EPI of two-parallel plane light field"" ; (b) EPI of circular light field
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Table 1 Characteristics and applications of different models
Depth ) ) Light field application
Working Occlusion Comple- Redun-
Model depen- ] ] Depth
domain robustness  xity dancy Reconstruction Others
dence recovery
Sub-aperture ) ) Microscopic imaging™'*’
) No Spatial-angular ~ Low Low High [28-31] [33-47]
image 3D measurement "
EPI No  Spatial-angular Medium  Low High [52-55] [56-59] 3D display [
Display™™
Focal stack No Spatial-scale  Medium Medium Medium [65,71-77] [17,64,66-69 ] a
Microscopic imaging™™**!
) Explicit Spatial- ) ) )
Superpixel High  Medium Medium [87] - Editing™® "
depth  angular-depth
Graph/  Explicit Spatial- Editing ™"
High High Low - [88,94-95]
hypergraph  depth angular-depth Compression"
Implicit
MPI Spatial-depth ~ High High Medium - [97-102] -
depth
Refocus! 1"
Fourier slice  No Frequency Medium  Low High - [64,111] Depth of field extension "
Microscopic imaging:”ﬂ
Frequency- ) i
FDL No Medium Low Low — [113-114] Compression[m'nsj
depth
Frequency- :
EFS No ol Medium  Low  Medium - [117] Refocus!''™
oca
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