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Holographic 3D displays satisfy all depth cues in human perception by reconstructing
wavefronts from objects. Displaying realistic 3D images at a wide range of depths and high
resolution is a significant point of the holographic display technique. There have been some
attempts to synthesize holograms computationally (known as computer-generated
holography, CGH) for electronic display. However, computing high-quality and large-scale
holograms with over 1019 of pixels remains a major challenge because simulating the
diffraction of the light-waves of such holograms requires a heavy computational load.

In this thesis, an efficient calculation method called orthographic-ray-wavefront
conversion is proposed to compute large-scale holograms. This method also achieves realistic
material reproduction and resolution at a great range of depths. In the proposed method,
angular spectra of the object are obtained via orthographic-ray sampling and Fourier
transformation, and only components of the wavefront incident on the hologram plane are
numerically propagated. The proposed method also enables an efficient parallel calculation of
large-scale and realistic CGHs by dividing holograms into small tiles and input rays required
to compute each tile. The mutual occlusion process in the orthographic-ray-wavefront
conversion is also proposed to reconstruct 3D images at a wide range of depths. The efficiency
of the proposed method was confirmed by estimation of computational complexity and
measurement of computational time.

In experiments, high-resolution holograms were calculated and fabricated. Realistic 3D
images were observed over a wide viewing angle and range of depth. Optical reconstructions
demonstrated that the effects of occlusions, transmission, refraction, and reflection were

faithfully reproduced.
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