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Abstract — Depth-enhanced integral three-dimensional (3D) imaging using different optical path
lengths by using a polarization selective mirror pair or mirror barrier array is proposed. In the proposed
approach, the enhancement of image depth is achieved by repositioning two types of elemental image
planes, thus effectively two central depth planes are obtained. One of the two implementation methods
makes use of the two-arm structure that has different optical path lengths and polarization-selective
mirrors. The other utilizes the mirror barrier array. The primary advantage of the method with polari-
zation devices is that we can observe 3D images that maintain some level of viewing resolution with
a large depth difference without any mechanical moving part. The mirror barrier array has the advan-
tage of the compact thickness. We demonstrated and verified our proposals experimentally.
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1 Introduction
Integral imaging (InIm) has attracted much attention
recently due to its outstanding advantages over other three-
dimensional (3D) display technologies.1–3 First of all, InIm
is an autostereoscopic method, which means that it does not
require any special viewing aids to see 3D images. In addi-
tion, InIm provides continuous viewpoints within specific
viewing angle. Unlike the conventional stereoscopic method
based on a lenticular lens, it also has full parallax along both
the horizontal and vertical directions. The major drawback
of InIm in early times was the limitation of implementing
dynamic 3D images. The use of passive devices as recording
and displaying media prevented integrating 3D images in
real time. With the rapid development of active devices,
CCDs (charge coupled devices) and flat-panel displays have
substituted for the film recently, and subsequently real-time
implementation of 3D displays based on InIm became pos-
sible. The configuration of the real-time InIm is shown in
Fig. 1. However, there still remain several problems,
including pseudoscopic images, limitation of viewing angle,
and resolution degradation, that should be overcome. Con-
tinuous studies have been performed to improve such prob-
lems.4–10

Along with those problems mentioned above, the limi-
tation of image depth is another main bottleneck of integral
imaging. The objective of InIm is to display a 3D object that
has some thickness along the depth direction. Hence, the
effort to increase the image depth for the display of 3D
objects is indispensable. The limitation of image depth
should be considered with the limitation of viewing resolu-
tion of the integrated image. In InIm, the quality of the
reconstructed image is best at the central depth plane (the
focused image plane where the center of an object is posi-
tioned), and it becomes worse at the marginal planes (the

defocused end planes out of the central depth plane). Con-
sequently, there exists a finite depth range within which
some level of viewing resolution is maintained. Figure 2(a)
shows the geometry of the limited depth range. The main
cause that degrades the resolution at a position out of the
central depth plane is image blurring (or smearing) as the
graphs in Fig. 2(b) illustrate. As the image plane gets more
defocused, the intensity profile spreads more along the lat-
eral direction. This can also be thought as a problem caused
by limited depth of focus in each elemental lens. Detailed
theoretical analysis on the depth-limitation and resolution
degradation is given in Ref. 11.

Because the implementable depth is an important
issue in InIm, a major part of research on InIm was how to
enhance the depth limitation. As a result of such efforts,
many schemes that showed impressive enhancement on the
depth limitation were proposed. One of early works is to
change the gap between the display panel and the lens array
by moving the lens array on the motorized stage in the
direction perpendicular to the display panel.12 Then the
location of the central depth plane can be changed to express
wider range in the direction perpendicular to the display
panel. However, this method demands high-speed move-
ment of the lens array, and it raises the problem of system
reliability. Multiple central depth planes also can be obtained

Revised version of a paper presented at the 8th Asian Symposium on Information Display held February 14–17, 2004, in Nanjing, China.

The authors are with the National Research Laboratory of Holography Technologies, School of Electrical Engineering, Seoul National University,
Seoul 151-744, Korea; telephone +82-2-880-7245, fax +82-2-873-9953, e-mail: byoungho@snu.ac.kr.

© Copyright 2004 Society for Information Display 1071-0922/04/1204-0000461$1.00

FIGURE 1 — Basic concept of InIm.
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