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(BEFR) FILEE DA (400 words)

This thesis consists of nine chapters. The summary of each chapter is described below:

In chapter 1, the background of this study is described. Recently, light field technology is
becoming the active area of study as the future three-dimensional (3D) technology of display and
image acquisition. Integral imaging is included in the light field technology. In this study, novel
display systems for augmented reality (AR) and cameras with novel functions are developed based
on the light field technology.

In chapter 2, related researches are reviewed. The 3D displays based on the integral imaging are
explained. The AR technology and the limitation of its wide spread usage are explained. The image
acquisition technologies are also described. The electric performance of cameras is rapidly
advancing; however, the mechanical systems are still required in the pan-tilt and the focusing
functions. Previous studies of the pan-tilt system and the light field camera are explained.

In chapter 3, a flat-panel type AR display using light field technology is proposed. The integral
imaging display is made see-through by adding lens arrays and enabled the superposition of 3D
image onto the scene. The proposed system has a flat-panel shape; therefore, it can be adapted to
tablets and smart phones. The proposed method is experimentally verified by constructing
prototype systems.

In chapter 4, the introduction of the background occlusion function to the AR display is
proposed. The symmetric integral imaging constructed of three lens arrays and a display for
displaying mask patterns realized the background occlusion function. The proposed method is
experimentally verified using the modified prototype system.

In chapter 5, the method for realizing vision enhancement capability is proposed using the
flat-panel type AR display. The asymmetric integral imaging system can project the real-world
scene at arbitrary depth positions; therefore, the vision enhancement capability is realized. The
proposed method is experimentally verified using prototype system and the scaled-up model.

In chapter 6, the high-speed pan-tilt system utilizing light field type lens array optics is proposed.
In the process of developing the above-mentioned display systems, we found that small lateral
shifts of lens arrays induce large changes of ray directions. The ray directions can be changed by
shifting lens arrays with an amount less than the lens pitch (~100 pm). Therefore, high-speed
pan-tilt function can be achieved by using piezo actuators. The proposed method is experimentally
verified using the scaled-up model.

In chapter 7, the combination of the high-speed pan-tilt system and the light field camera is
discussed. The proposed method enables the high-speed pan-tilt and refocus functions. The system
is constructed using the lens arrays with a lens pitch of ~100 um and a piezo stage. The proposed
method is experimentally verified.

In chapter 8, the future developments of the proposed techniques are described. Finally, in
chapter 9, this thesis is concluded.




