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e have become an information-centric society vastly depen-

dent on the collection, communication, and presentation of

information. At any given moment, it is likely that we are in

the vicinity of some form of a display as displays play a
prominent role in a variety of devices and applications. Three-dimensional
imaging and display technologies are important components for presentation
and visualization of information and for creating real-world-like environments
in communication. There are broad applications of 3-D imaging and display
technologies in computers, communica-
tion, mobile devices, TV, video, enter-
tainment, robotics, metrology, security This special issue
provides an overview
of the state of the art

in 3-D imaging and

displays.

and defense, healthcare, and medicine.

While 2-D imaging has become a
mature technology with high-quality
and low-cost sensors and displays, 3-D
images are more realistic due to the pre-
sentation of depth information that
their 2-D counterparts cannot provide.
However, our daily experiences have
been mainly limited to the 2-D visual-
ization in computer displays, mobile devices, visual entertainment, etc. This is
due to the remaining challenges to realize high-quality, visual-fatigue-free, and
low-cost 3-D systems particularly for real-time 3-D display of dynamic scenes.
These challenges include producing high lateral and longitudinal resolutions,
large depth of focus, large view angle, compactness, low cost, large bandwidth,
eliminating adverse human factors, and ability for real-time operation in 3-D
systems.

Our pursuit of 3-D imaging and displays has been around for centuries. Even
before photography was in widespread use, stereoscopic effects were experi-
mented with paintings. Later, stereophotography was introduced, followed by
stereo movies with 3-D effects. Recently, head-mounted devices (HMDs), vir-
tual reality, and augmented reality systems with 3-D viewing capabilities have
been experimented with for diverse applications.

Advances in optics, photonics, optoelectronic devices, low-cost light sources
and lasers, low-cost high-resolution image sensors such as CMOS sensors with
high quantum efficiency (CMOS cameras), spatial light modulators (SLMs),
computer hardware, large data storage capability, advanced numerical
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algorithms and apps in mobile
devices, and fabrication capabilities
have had a huge impact on advancing
3-D systems as evidenced by substan-
tial R&D in design and fabrication of
3-D imaging and displays. The ability
to produce high frame rate, high-reso-
lution, and high light efficiency SLMs
to display large dynamic range com-
plex amplitude data continues to be a
challenge. These devices are neces-
sary to implement compact real-time
3-D displays.

As mentioned before, early 3-D
displays were stereoscopic. In the
20th century, several novel and
important 3-D approaches were intro-
duced. One approach was the inven-
tion of integral photography by the
Nobel Laureate Gabriel Lippmann in
the early 20th century. The other
approaches were the inventions of
holography by the Nobel Laureate
Dennis Gabor, and off-axis hologra-
phy by Leith and Upatneik in the mid-
20th century. Since then, there have
been substantial R&D attempts to
improve, implement, develop, and
commercialize 3-D systems based on
these inventions. The integral pho-
tography interfaced with digital sys-
tems has led to modern research
known as integral imaging displays,
light-field displays, plenoptic cam-
eras, etc. Notable is the work of
Fumio Okano and his colleagues at
Japan NHK in the 1990s to use
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integral photography implemented
with modern cameras and displays for
3-D TV applications. Holography
interfaced with digital systems
evolved into digital holography and
computer-generated holography. The
applications of these approaches are
beyond entertainment and include
medical, military, and industrial
applications. An emerging application
for 3-D systems is the HMDs such as
smart glasses which integrate micro-
displays and optics for augmented and
virtual reality applications.

This Special Issue on Emerging
3-D Imaging and Display Technologies
is a collection of overview papers by
prominent 3-D researchers and practi-
tioners from academia, industry, and
government laboratories to review the
state of the art in 3-D imaging and dis-
plays. The papers in the special issue
are selected based on some of the
most promising 3-D approaches and
critical issues such as holographic
techniques, integral imaging, head-
mounted displays, augmented reality
displays, visual fatigue, 3-D percep-
tion, stereo systems, 3-D microscopy,
lensless imaging, algorithms for 3-D
image processing, and their
applications.

The following is a brief summary
of the papers in the special issue. The
paper by Son et al. describes digital-
holographic and light-field or integral
imaging displays which can provide
continuous parallax and which are
typical in natural scenes and real
objects. Hua presents the nature of
vergence-accommodation conflict
problem in head-mounted displays and
the associated visual artifacts, fol-
lowed by a comprehensive review on
the various technical approaches

toward rendering proper focus cues in
head-mounted displays for both vir-
tual reality (VR) and augmented real-
ity (AR) applications.

Martinez-Corral et al. describe
the fundaments of integral photogra-
phy and the main contributions to its
development. Also, recent advances
in both macroscopic and microscopic
3-D integral imaging are discussed.
Arai et al. overview integral 3-D cap-
turing methods and displaying
stages, and recent work for capturing
high-resolution integral imaging
information. Javidi et al. present pas-
sive multidimensional optical sensing
and imaging systems (MOSIS), which
can be used for 3-D visualization,
seeing through obscurations, mate-
rial inspection, 3-D endoscopy, and
object recognition from microscales
to long-range imaging. This integral
imaging system utilizes many
degrees of freedom such as time and
space multiplexing, depth informa-
tion, and polarimetric, temporal,
photon flux, and multispectral infor-
mation to record and reconstruct the
multidimensionally integrated
scenes.

Nam et al. present an autostereo-
scopic light-field 3-D display architec-
ture, rendering, and calibration
method to provide realistic 3-D visual
effects with a resolution comparable
to the conventional multiviews
displays.

Memmolo et al. review the most
effective techniques for numerically
manipulating digital holograms to
achieve improved image reconstruc-
tions. The topics of extended focus
imaging (EFI), synthesis of 3-D holo-
graphic scenes, and enhanced 3-D dis-
play are discussed throughout the
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paper. Matoba et al. describe imaging
techniques using phase, polarization,
fluorescence, and spectra based on
digital holography. These techniques
are developed for multimodal imaging
based on the combination of digital
holography and other optical micros-
copies. Anand et al. present an over-
view of the development of compact
digital holographic microscopes and
their applications in 3-D cell imaging,
cell parameter extraction, and cell
classification for potential automated
disease identification. Yamaguchi
describes the evolution of light-field
3-D displays, in particular those
which employ holographic technology,
and their application to 3-D touch
interface for intuitive 3-D human-
computer interaction. Finally, Bimber
and Koppelhuber summarize their
progress toward a fully transparent,
flexible, and scalable thin-film image
sensor and review lensless imaging
approaches.

As with any special issue of this
kind, it is not possible to present all
the various 3-D approaches and tech-
niques, or to cite all the possible
researchers in the field. Therefore, we
apologize in advance if any such work
is not represented or cited in this spe-
cial issue. We would like to thank all
the authors of this special issue for
their outstanding contributions. We
are grateful to the anonymous review-
ers for their comments and reviewing
the manuscripts. We thank the
ProceepiNGs ofF THE IEEE Editorial
Board and the editorial staff, in par-
ticular, Vaishali Damle and Jo Sun, for
giving us the opportunity to put
together this special issue and for
their assistance in the preparation of
this special issue. |
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