2.1　Integral 3D television
　We are researching a form of spatial imaging technology, called the integral method, as a way of creating a more natural and viewable 3D television that does not require special glasses. The integral method reproduces 3D images in the air by using arrays of tiny lenses for capture and display. In FY 2014, we studied ways to improve the quality of 3D images and their reproduction. 

■Improvement of 3D image quality

　To generate high-quality integral 3D images, it is necessary to collect a large amount of light ray information from various directions. That requires capture and display equipment with a huge number of pixels and a lens array with many micro lenses. We had previously prototyped capture and display equipment for 3D images using a video device for 8K Super Hi-Vision, but the quality of the 3D images that can be reproduced by a single video device has reached its limit. That led to our study on ways to combine multiple cameras and display devices so that the number of pixels for the entire video system can be increased.
　In FY 2014, we prototyped capture equipment using seven Hi-Vision cameras (Figure 1). The equipment succeeded in capturing video of a 3D image with a larger viewing zone (the areas in which the 3D image can be viewed) by a factor of 2.5 both in the horizontal and vertical directions compared with conventional single-camera equipment(1). We also prototyped capture equipment with two small lens arrays adhering to the image sensor. The equipment can capture high-quality images by synthesizing the information obtained from each lens array. 
　For the display, we developed integral 3D display equipment with more pixels by using four liquid crystal panels. We found that we could expand the areas in which the 3D image can be displayed by approximately four times that of conventional equipment by magnifying the image of each liquid crystal panel using a lens array and a concave lens and optically connecting the images seamlessly(2) (Figure 2).
　Part of this research was conducted under contract by the Ministry of Internal Affairs and Communications for its project titled, “R&D on systems for capturing spatial information using multiple image sensors.” 

　


Figure 1. Integral 3D capture equipment using seven Hi-Vision cameras
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Figure 2. Integral 3D image reproduced using four liquid crystal panels
(The dotted line shows the area of an image displayed with the conventional equipment)

■Reproduction quality of 3D images

　We have been studying ways of measuring and improving the quality of 3D images reproduced using the integral method since FY 2012.
　In the stereoscopic 3D method, the vergence position (where both eyes’ lines of sight intersect when observing an object) conforms to the 3D image, but the ocular accommodation (or just “accommodation”) position does not because it is fixed on the display. The method is considered to strain the viewers’ eyes. Meanwhile, the integral method forms 3D images in the air. Theoretically, both the vergence and accommodation positions conform to the 3D image. The method is therefore said to be able to display 3D images that are as natural as viewing the actual object. To verify this feature, we previously measured the accommodation response when viewing integral 3D images and found that the accommodation position conforms to the depth of the 3D image. In FY 2014, we measured the accommodation response and the vergence response simultaneously and compared them with those for observing the actual object. The results showed that both the accommodation and vergence positions in viewing an integral 3D image conform to the depth of the 3D image and that the response characteristics of accommodation and vergence were closer to those for observing the actual object than could be produced by the stereoscopic 3D method.
　The notable feature of the integral method is the ability to reproduce 3D images according to the viewer’s viewpoint position, that is, to reproduce motion parallax. In FY 2014, we prototyped stereoscopic 3D display equipment that can reproduce motion parallax while tracking the viewer’s position in order to verify the effect of motion parallax on the sensation of depth(3). Using the equipment, we experimentally evaluated how motion parallax affect the accuracy of discriminating the depth of an object (the depth discrimination accuracy). The results indicated that the depth discrimination accuracy could be improved by using motion parallax. We plan to continue with various experiments using this equipment to look into the relation between system parameters such as the pitch and focal length of lenses in the array and reproduction quality.
　We began a study on coding technologies for the integral method in FY 2013. In FY 2014, we conducted a basic study on compression efficiency by applying Multi-View High Efficiency Video Coding (MV-HEVC) to the integral method(4).
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