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3D light field display with improved visual resolution based on
pre-processing convolutional neural network
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Abstract: 3D light field display technology has been paid attention to by research scholars because of its
large viewing angle and dense viewing viewpoint. Resolution is an important parameter of 3D light field
display technology, and the method to improve the resolution is complicated, so the research scholars
began to focus on the visual resolution. To improve the visual resolution of the light field displays, an
approach based on convolutional neural network to acquire pre-processing elemental image (PEID) is
proposed. In the imaging procedure of light field display, lens aberrations diffuse the pixels on the imaging
plane. The aliasing areas of the diffuse pixels can be regarded as new visual pixels and used as extra

information carriers. A visual resolution-enhanced convolutional neural network (CNN) is employed to
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obtain the pre-processing elemental image array (PEIA) from a high-resolution elemental image array
(HEIA). The PEIA is loaded onto the LCD, which is optically transformed by the lens array and diffused

by the diffuser to render a 3D light field display image with visual resolution enhancement. In the

experiment, by using the LEIA, lens array and diffuser, a light field display with a 70° viewing angle and

improved visual resolution is demonstrated.
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Fig.1 New visual pixels generated by aliasing areas

between adjacent pixels
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Fig.2 Process of pixel blurring after passing through a
lens which can be regarded as convolution with a

Gaussian kernel
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Fig. 3 Process of using CNN to realize visual resolution enhanced 3D display
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Fig. 4 Schematic diagram of the resolution-enhanced CNN
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Fig. 5 (a) Structural parameters of the compound lens;

(b) Spot diagrams of the compound lens in three
viewing angles (RMS radius: 0° viewing angle:
4035.04 pm, 19. 7° viewing angle: 3 843. 27 pm,
34. 6" viewing angle: 4 198. 41 pm).
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Fig. 6 Simulation results of standard resolution chart. (a)
Without the proposed visual resolution-enhanced

method; (b) With the visual resolution-enhanced

method.
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Fig. 7 (a) Original image with high resolution; (b) Sim-

ulation image without visual resolution-enhanced
method; (¢) Simulation image with the visual res-

olution-enhanced method.
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Fig. 8 3D light field display for a street scene without the
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proposed visual resolution-enhanced method (a) and

with the visual resolution-enhanced method (b)
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