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ABSTRACT   

The paper proposes a new display which could switch 2D and 3D images on a monitor, and we call it as Hybrid 
Display. In 3D display technologies, the reduction of image resolution is still an important issue. The more angle 
information offer to the observer, the less spatial resolution would offer to image resolution because of the fixed panel 
resolution. Take it for example, in the integral photography system, the part of image without depth, like background, 
will reduce its resolution by transform from 2D to 3D image. Therefore, we proposed a method by using liquid crystal 
component to quickly switch the 2D image and 3D image. Meanwhile, the 2D image is set as a background to 
compensate the resolution.. In the experiment, hexagonal liquid crystal lens array would be used to take the place of 
fixed lens array. Moreover, in order to increase lens power of the hexagonal LC lens array, we applied high resistance 
(Hi-R) layer structure on the electrode. Hi-R layer would make the gradient electric field and affect the lens profile. Also, 
we use panel with 801 PPI to display the integral image in our system. Hence, the consequence of full resolution 2D 
background with the 3D depth object forms the Hybrid Display. 
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1. INTRODUCTION  
In several decades, as the display technology getting more and more improved, there are many explosive development in 
three-dimensional (3D) displays technologies. Nowadays, the 3D displays technologies are applied widely in our life, 
such as exhibitions, movies, advertisements and so on. Due to 3D displays can make observers preserve depth 
information, compared with traditionally planar display, 3D display technologies could be believed to become the main 
stream in the next generation. 

Depend on wearing 3D glasses or not, 3D display technologies could be divided into two types, stereoscopic and auto-
stereoscopic. Besides, there are several 3D techniques to create 3D images not by binocular disparity. These techniques 
reconstruct the image information of 3D objects in the space, which create a 3D image, such as volumetric, holography, 
integral image and so on. Take holography for example, it use coherent light to illuminate an object and records the 
interference fringe pattern between the object beam and reference beam. However, holography needs small pixel size 
(about 0.2μm). Also, it’s hard to achieve in flat panel display [1]. For volumetric 3D display, the biggest defect is the 
volume and interactive issue [2]. Others, integral image can capture the image information of an object from many 
different perspectives into individual images. Those individual images are usually called elemental images. If we use a 
display to show those elemental images with the same micro-lens array, a virtual 3D object will be reconstructed as a 3D 
image as shown in Figure 1. However, in order to preserve more angle information, integral image must sacrifice the 
spatial resolution of reconstructed image [3]. 

In conventional 3D display technologies, the image can be briefly divided to background and foreground with different 
depth information. In other words, the image depth of background often close to display panel, which almost equal to 
zero. However, due to the disparity of 3D in conventional 3D display, the resolution of background would be reduced 
when display 3D image. Hence, the resolution reduced issue must be solved. 

Therefore, we propose a new 3D display called Hybrid Display to solve the background issue. The Hybrid Display use 
time-multiplexed method to switch 2D mode and 3D mode. In Hybrid Display system, we use full resolution image in 
2D mode to compensate the resolution of integral image which is created in 3D mode. By using liquid crystal lens array 
and Twisted-Nematic cell (TN cell) components to quickly switch the 2D mode (full resolution 2D image) and 3D mode 
(integral image). Therefore, observers can see 3D image which has full resolution background by visual persistence. 
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