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Light Field Three-Dimensional Display with Super Multiple
Viewpoints and Large Viewing Angle

Yang Le , Ren Shiqing, Jiao Dongxiu, Geng Xiaofen, Shen Jiangiang
College of Media Technology, Communication University of Shanxi, Jinzhong, Shanxi 030013, China

Abstract In order to solve the problems of insufficient viewpoints and narrow viewing angle of the traditional
autostereoscopic display technology, a light field three-dimensional (3D) display method with super multiple
viewpoints and large viewing angle is proposed. Based on the principle of reconstructing full-parallax light field for
integral imaging, the discrete lenticular lens array (DLLA) with a large pitch is used in the proposed method to
horizontally modulate the light rays, which emit from pixels of the elemental image (EI), with specific horizontal
direction angles to integrate viewpoints in space. As a result, super multiple viewpoints densely arranged in the
horizontal direction are reconstructed within a large viewing angle. In addition, the DLLA is optimized for optical
imaging to suppress aberrations and ensure high-quality 3D imaging. In the experiment, a 54-inch (1 inch =
2.54 ¢cm) light-emitting diode (LED) displayer with a resolution of 1280 pixel X 720 pixel is used to achieve a
horizontal light field 3D display effect with 42.8° viewing angle and 100 viewpoints, and the distortion rate of 3D
imaging is 2. 23% . The presented 3D image with continuous parallax of motion and natural expression of depth
information verifies the superiority and feasibility of the proposed method.
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DLLU: discrete lenticular lens unit
DLLA: discrete lenticular lens unit
HFS: holographic functional screen
EL elemental image
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Fig. 1 Configuration of proposed light field 3D display device based on DLLA
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Fig. 2 Schematic diagram of construction of viewpoint light rays with EI and DLLU
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Fig. 5 Results of optical optimization design. (a) Designed structure of aspheric double-sided lenticular lens with optimized

aberration; (b) comparison of spot diagrams of standard lenticular lens and optimized lenticular lens
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Table 1 Parameters of light field 3D display prototype based on MPUA

Principal component Parameter Value

Screen size /inch 54 (diagonal)

LED display
Resolution /pixel 1280 (horizontal) X 720 (vertical)
Pitch /mm 9.30
Minor axis length of micro-pinhole /mm 0.183
Major axis length of micro-pinhole /mm 0. 826
MPUA Horizontal distance between adjacent pinholes /mm 1.071
Included angle between line connecting pinholes in 39,6
PU and vertical line /(*)
Distance between LED panel and MPUA /mm 16. 332
El Resolution /pixel 10 Chorizontal) X 10 (vertical)
Horizontal diffused angle /(*) 0.907
HFS Vertical diffused angle /(°) 1. 35
Distance between HFS and MPUA /mm 400
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Table 2 Parameters of light field 3D display prototype based on DLLA

Principal component Parameter Value
Screen size /inch 54 (diagonal)
LED display
Resolution /pixel 1280 (horizontal) X 720 (vertical)
Pitch /mm 9. 30
Aperture of lenticular lens /mm 1. 86
DLLA
Slant angle of lenticular lens /(%) 11. 31
Distance between LED panel and DLLA /mm 11.87
ElI Resolution /pixel 10 (horizontal) X 10 (vertical)
Horizontal diffused angle /(°) 1.42
HFS Vertical diffused angle /(*) 1.35
Distance between HFS and DLLA /mm 300
Number of cameras 100
) Interval between cameras /mm 18.02
Camera array
Field of view of camera /(°) 14. 75
Resolution of camera /pixel 1280 (horizontal) X 720 (vertical)
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Fig. 6 Light field 3D display prototype based on DLLA, and enlarged view of partial structure of DLLA. (a) Light field
3D display prototype based on DLLA; (b) enlarged view of partial structure of DLLA
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Fig. 7 Comparison of display effects obtained by using two light-controlled components. (a) Display effect obtained by
using MPUA; (b) display effect obtained by using DLLA
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Fig. 8 Comparison of display luminance obtained by using two light-controlled components. (a) Display luminance

obtained by using MPUA; (b) display luminance obtained by using DLLA
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Fig. 9 Distortion analysis of optimized DLLA. (a) Schematic diagram of acquisition of light field from calibration board
using camera array; (b) comparison of 3D imaging distortions of DLILAs assembled using standard lens and aspheric
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Fig. 10 Views of 3D image from different directions within 42.8° viewing zone. (a) Angle: left 21.4°; (b) angle:
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