
Recent market trends in the fi lmmaking 
and other industries show a growing demand 
for technologies and products related to ste-
reoscopic video. At the same time, proactive 
moves are also being made at home and abroad, 
including the development of technologies for 
capturing and displaying 3-D images, standard-
ization intended to spread 3-D video, and con-
sidering how to produce safe content. Studies 
are also under way regarding next-generation 
3-D images not needing special glasses for re-
producing many parallax images and groups of 
light ray, in an attempt to achieve even more 
ideal 3-D image displays other than stereoscop-
ic  systems designed for practical use in good 
time. 

This research group is developing three 
kinds of 3-D image systems without special 
glasses by assuming various forms of utiliza-
tion, in order to realize ultra-realistic systems 

1 Introduction 

Realizing a highly realistic communication 
system will let us talk to people in remote loca-
tions as if we were actually there with them, 
and to present, appreciate and learn from valu-
able cultural assets as if in front of our eyes, 
thereby making our lives even more worth-
while. To make this highly realistic communi-
cation a reality, NICT is conducting research 
on ultra-realistic systems based on 3-D images, 
extremely high resolution video, a 3-D sound 
fi eld, haptic sense, sense of smell, and various 
other kinds of information. Among the techni-
cal challenges posed by system development 
are 3-D video, image technology for large 
screens with extremely high resolution, im-
mersed-type, space-reconstructing technology, 
and technology for analyzing the psychological 
and physiological factors for images. 
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is being developed for future household uses [9]. 
In recent years, Super Hi-Vision with high-pre-
cision full resolution (33 million pixels) is used 
to take and display integral 3-D images of 
about 100,000 pixels [10]. This integral system 
requires many pixels to achieve high image 
quality. Methods of projecting images in a su-
perimposed manner by using many small pro-
jectors, and special-purpose high-precision ad-
justment technologies are being developed as 
well [11]. Conversely, in holography (having 
different principles from other systems), strict 
conditions are required for the display devices. 
Holography has therefore not yet reached a 
practical level, but expectations run high for it 
to become the ultimate method of ideal 3-D 
display. As a method for capturing and display-
ing motion pictures, this method is being stud-
ied by using the latest high-precision image 
devices, and color motion picture display has 
become a reality [12]. Stereoscopic video is now 
entering a practical stage, while 3-D images for 
the naked eye entails many research challeng-
es, including the consideration of 3-D display 
systems and development of constituent tech-
nologies for making such systems a reality, 
high-precision adjustment, and ideal image 
processing technology. 

3 Communication system based 
on 3-D image 

As shown in Fig. 1, one can consider vari-
ous forms of communication based on 3-D im-
ages. One is “large 3-D images without special 
glasses,” where several people can observe 
large 3-D images and share a 3-D space and 
environment (Fig. 1 (a)). By reproducing per-
sons, vehicles, and other familiar objects and 
environments in life-size dimensions, the ob-
server can feel a high degree of realism. As its 
prototype, we have developed a 3-D display 
that uses several Hi-Vision projectors to project 
images from different points as superimposed 
on a special screen [2]. The system is character-
ized by being able to reproduce 3-D images on 
a large screen (about 70 inches diagonally) de-
pending on location of the observer, thereby 

based on natural 3-D video [1]. These systems 
include “large 3-D system without special 
glasses” (making it possible to display 3-D im-
ages on large screens tens to hundreds of inches 
diagonally by using many projectors) [2], “fVi-
siOn” tabletop 3-D display (showing 3-D im-
ages that appear as if fl oating in air above a fl at 
desk [3][4], and “gCubik” box-type display (al-
lowing people to observe 3-D images on a 
handheld box-type display) [5][6].

In this paper, Chapter 2 presents the back-
ground and trends regarding 3-D image stud-
ies. Chapter 3 gives an overview of various 
3-D technologies without special glasses de-
veloped by NICT. Chapter 4 describes the tech-
nology for “large 3-D system without special 
glasses” in detail, and Chapter 5 gives the con-
clusions.

2 Trends in 3-D image technology 

In the past few years, stereoscopic video 
system has spread throughout the moviemak-
ing industry, while new cameras, displays, and 
other equipment for general consumer use now 
being commercialized. Thus, 3-D video is be-
ginning to quickly attract attention. In addition 
to the technology for displaying high-quality 
3-D images, comprehensive efforts are now 
under way to proceed with content production 
technology, the standardization of image for-
mats, compression coding, package media and 
interfaces, and considering the guidelines for 
safe content production and evaluation meth-
ods [7]. 

At the same time, 3-D image technology 
without special glasses—considered a technol-
ogy for the future—is also undergoing steady 
progress. Among the technologies available are 
a lenticular-based system for reproducing par-
allax images from several to dozens of view-
points, and a system consisting of several mi-
croscopic displays equipped with lenticular 
lenses arranged in an array-like pattern to re-
construct a dense group of light ray [8]. The in-
tegral 3-D system (classifi ed as a 3-D system of 
the spatial image reconstruction type) also fea-
tures horizontal as well as vertical parallax, and 
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comparing a real thing with its 3-D image. An-
other article in this special issue describes the 
contents of this study [15]. 

“3-D images of the box type” (Fig. 1 (c)), 
where people can experience 3-D images that 
change interactively according to the move-
ment of fi ngers and boxes, allows each person 
to hold a small cube-like display and observe 
the 3-D images inside the box from all direc-
tions. NICT has developed “gCubik,” which is 
a 3-D system based on integral photography as 
its principle [5][6]. The box is equipped with 
various internal sensors to display 3-D images 
interactively according to movement of the ob-
server. The system is optically designed so that 
people can observe a 3-D image according to 
the particular direction taken by the observer 
from any side of the box-like shape. People can 
therefore feel as if they were actually holding 
the 3-D image in their hands. Another article in 
this special issue describes the contents of this 
study [16]. 

Among the images to be displayed on these 
displays are computer graphics and real imag-
es. We are also addressing such study areas as 
3-D model technology for display on various 
3-D displays [17][18], and technologies for tak-
ing real 3-D images and image processing [19]
[20].

4 Large 3-D display system 
without special glasses

4.1 Basic principles 
The large-screen 3-D display allows sever-

making it possible to reproduce natural 3-D im-
ages without needing special glasses. A large-
screen 3-D display without special glasses has 
also been developed for conventional sys-
tems [13], but the current version is the fi rst sys-
tem to enable the display of high-precision, 
3-D images of the Hi-Vision class. Since the 
resolution and color reproducibility of 3-D im-
ages displayed are of Hi-Vision image quality, 
such images are highly applicable. These im-
ages are expected to fi nd, for example, many 
applications in the verifi cation of industrial de-
signs, publicity, exhibitions of cultural heri-
tage, works of art, and other objects, as well as 
being shown in fi lms. Chapter 4 describes the 
technology concerning this 3-D image system 
in detail. 

As shown in Fig. 1 (b), there is “3-D dis-
play of the tabletop type,” where people around 
a table can observe from all directions 3-D im-
ages that appear as if fl oating above a fl at ta-
ble. We have developed “fVisiOn” [3][4], which 
combined a micro-projector array built into the 
table and a specially shaped screen with dif-
fusion characteristics. In terms of principle, 
people can observe a 3-D image depending on 
their location from all directions (360 degrees) 
around the table, and many people can observe 
the same 3-D image at the same time. Conven-
tional all-direction 3-D image systems [14] and 
similar means require a spherical or a cylindri-
cal display section. In this system, however, the 
tabletop is fl at and requires no equipment that 
may become an obstacle to work. People can 
therefore communicate with one another while 

Communication system based on 3-D displayFig.1

(a)  Large 3-D display without 
special glasses

(b) Tabletop type 3-D display (c) Box type 3-D display
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of principle, according to the positional rela-
tion of the projector array and plane for image 
display. Increasing the parallax image density 
is expected to produce a high-quality, 3-D dis-
play at high resolution with a smooth kinematic 
parallax and a wide viewing zone. 

In this system, the arrangement of the pro-
jector array, projection method, positional rela-
tion with the diffuser screen and fresnel lens, 
optical characteristics, and other factors can be 
varied to change the form of display between 
what is called multi-view 3-D image to light 
ray reproduction 3-D image, thereby making it 
possible to adjust balance in the viewing zone, 
resolution, and various other characteristics of 
3-D images. This paper describes the basic per-
formance of this display system clearly, with 
the system confi gured so that the distance be-
tween the projector array and fresnel lens 
would be the same as the focal point distance of 
the fresnel lens. For cases where the beams of 
parallax images to the observer were regarded 
as being almost parallel beams, the typical 
composition and design guidelines are de-
scribed below.

4.2 Basic composition and design 
guidelines for the system 

Figure 3 is an overhead view of the basic 
arrangement of this system. In this composi-
tion, the number of projector units is almost the 
same as the number of horizontal parallax im-

al people to observe a natural 3-D image at the 
same time according to each person’s particular 
viewing position without needing special glass-
es (Fig. 2). A projector array is used as an im-
age display unit and consists of several small 
projectors (called “projector units”) arranged 
horizontally and vertically. From each projec-
tor unit, images with horizontal parallax (called 
“parallax images”) are projected as superim-
posed on the plane for image display that com-
bines a screen having special diffusion charac-
teristics with a fresnel lens. The diffuser screen 
is a rear screen having diffusion angle charac-
teristics with a small angle in the horizontal di-
rection relative to the incident light, and a wide 
diffusion angle in the perpendicular direction. 
These diffusion characteristics enable the sys-
tem to produce different images at various hor-
izontal angles, thereby allowing the observer to 
observe parallax images according to the hori-
zontal position. Conversely, in the vertical di-
rection, the incident light becomes widely dif-
fused, thereby eliminating the effects of the 
projection angle in that direction. One can 
therefore arrange the projector units vertically 
as well (in the y-axis direction), so that increas-
ing the number of units increases the image 
density that is horizontal number of parallax 
images per unit viewing angle. In this system, 
one can approximate the system to a 3-D dis-
play of the spatial image reconstruction type, 
which reproduces light ray of an object in terms 

Basic confi guration of a large 3-D system without special glasses based on a projector arrayFig.2
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As shown in this equation, the viewing zone of 
a reconstructed 3-D image depends on width 
Np of the projector array and distance g be-
tween the projector array and the plane for im-
age display (i.e., focal length of the fresnel 
lens). 

The area where the entire display image 
can be observed, however, is limited to the 
shaded portion shown in Fig. 3. Distance O 
from the plane for image display to this view-
ing area is as follows:

 （4）

where, L denotes the size of the display image. 
The angle where this area is viewed is viewing 
angle φ in Equation （3）. When the distance be-
tween the fresnel lens and the observer is D, 
viewing zone V is as follows:

 （5）

Equations （1） to （5） above make it possible to 
consider the number of projector units (2N + 
1), arrangement pitch p, distance g between the 
projector array and fresnel lens (i.e., focal 
length of the fresnel lens), and other parameters 
based on size L and viewing angle φ of the dis-
play screen of the 3-D image, angle pitch Δθ of 

ages. For that reason, pitch p between the pro-
jector units is set to a value that matches the 
number of parallax images per horizontal unit 
angle. When distance g between the projector 
array and fresnel lens is the same as the focal 
point distance of the fresnel lens, angle θm of 
the light ray projected by the mth projector unit 
is directed towards the observer via the plane 
for image display, and is expressed as follows:

 （1）

where, p denotes the pitch (constant) between 
projector units, with the horizontal location of 
the mth projector unit expressed as x = mp (-N 
< m < N) where N denotes a natural number, 
and 2N + 1 is the total number of projector 
units).

Moreover, angle difference Δθm between 
the outgoing principal light ray from the mth 
projector unit and that from the (m+1)th one 
are as follows:

 （2）

Viewing angle φ of the 3-D image displayed at 
the center of the screen will conversely become 
as follows:

 （3）

Basic arrangement of large 3-D system without special glassesFig.3
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Equation （1）. Here, let the horizontal diffusion 
be a Gaussian distribution, and optical distribu-
tion im of outgoing beams from the mth projec-
tor unit will be expressed as follows:

 （6）

where, σx denotes standard deviation of the dis-
tribution of optical diffusion angles and repre-
sents the size of the diffusion angle. For the 
purpose of this paper, it will be called the diffu-
sion angle. The incident light from the group of 
projector units is emitted out as being superim-
posed as shown in Fig. 5 (b), and its optical 
distribution I(θ) is as follows:

 （7）

In a 3-D image synthesized by the parallax im-
ages, the fl atness and crosstalk in the distribu-
tion of brightness between parallax images will 
be affected by the screen’s horizontal diffusion 
characteristics. A small diffusion angle makes 
the brightness between parallax images uneven 
in terms of the brightness value of the synthe-
sized beam indicated by a red line in Fig. 5 (b), 
resulting in uneven brightness in the image. 
Conversely, increasing the diffusion angle in-
creases the percentage of the shaded amount of 
crosstalk shown in Fig. 5 (b). 

As a concrete example of numerical calcu-
lations, let the parallax number be 50 parallax-
es at a viewing angle of 40 degrees, evaluate 
the degree of modulation in brightness of the 
synthesized beam with M = (Imax - Imin)/(Imax + 
Imin) × 100[%] (where, as shown in Fig. 5 (b), 
Imax denotes the maximum brightness and Imin 
the minimum brightness), and then estimate the 
crosstalk rate with the percentage of the cross-
talk portion relative to the entire outgoing 
beam. As a result, the degree of modulation 
M[%] of uneven brightness relative to diffusion 
angle σx and crosstalk rate R[%] will be as 
shown in Fig. 6.

the parallax image, viewing zone V, and other 
factors as requirements for the 3-D image, and 
use these parameters as guidelines for system 
design.

4.3 Arrangement of projector units and 
screen diffusion characteristics

The key device for this system is a screen 
having the special diffusion characteristics de-
scribed above. The arrangement of the projec-
tor array is limited by the size of each unit, 
thereby making it diffi cult to arrange the pro-
jectors densely in proximity of the horizontal 
direction alone. For that reason, as shown in 
Fig. 4, the system is composed not only in the 
horizontal direction but also in the vertical di-
rection as well, in a two-dimensional manner. 

The projector units in each row are ar-
ranged with horizontal pitch ph sequentially in 
the vertical direction. Conversely, in the clear-
ance between lines in the vertical direction, the 
projector units are arranged with comparative-
ly large vertical pitch pv due to the limitation on 
projector unit size. Here, horizontal pitch ph 
corresponds to pitch p of the projector unit 
shown in Fig. 3 and given in Equation （2）. 

The angle pitch of the parallax image, the 
uniformity of brightness, continuity, and other 
factors are used to optimize the horizontal dif-
fusion angle of the diffuser screen. As shown in 
Fig. 5 (a), the incident light from a projector 
unit is emitted out at angle θm relative to the 
optical axis of the fresnel lens as expressed in 

Example of projector array arrangementFig.4
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shown in Fig. 7, the angle of the beam that en-
ters the diffuser screen varies depending on 
which projector unit is involved—the upper or 
lower one. Consequently, a difference also aris-
es in the diffusion direction of the beam de-
pending on whether the upper or lower projec-
tor unit is involved. 

When one observes from position y0 as 
shown in Fig. 7, distribution I(y) of the bright-
ness values in the y-axis direction of the screen 
(as viewed by the observer) will be as follows:

 （8）

where, 2NV + 1 is the number of lines in the 
projector array in the vertical direction, θmv de-
notes the irradiation angle of the beam in the 
vertical direction, θa the angle of the beam from 
each image location to the observer as shown 
in Fig. 7, and σy the diffusion angle in the verti-
cal direction. As a concrete example of numeri-
cal calculations, assume that NV = 3, g = 2.5[m], 
pv = 15[cm], D = 3[m], and y0 = 0[m], and the 
distribution of brightness values in the y-axis 
direction of the display image will then be ob-
served as shown in Fig. 8. 

As indicated in Equation （8）, the image be-
comes shaded according to location y of the 
image, location y0 of the observer, and location 

When horizontal diffusion angle σx is small, 
the degree of modulation (M ) of the synthe-
sized beam will be larger, resulting in higher 
uneven brightness. Conversely, when σx is high, 
the crosstalk of the outgoing beam between 
parallax images will be larger. From Fig. 6, se-
cure the balance between uneven brightness 
and crosstalk, so that one can project appropri-
ate diffusion angle σx as being in the range of 
about 0.25 to 0.3. This corresponds to a half-
value angle of 0.5 to 0.7 degrees in the diffu-
sion angle distribution of beams. Another 
method involves selecting optimal diffusion 
characteristics from these relations, and im-
proving the screen material and structure, 
thereby optimizing the diffusion angle distribu-
tion characteristics of the beams.

With regard to the vertical direction as 

Characteristics of the diffuser screenFig.5

Diffusion angle of the screen and display 
image characteristics

Fig.6

(a) Diffuser characteristic (b) Intensity distribution of output light
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mp of the projector unit. Note that a compara-
tively large diffusion angle characteristic is 
needed to obtain an image having a brightness 
distribution with a certain degree of uniformity 
in the vertical direction.

4.4 Prototyped system 
Figure 9 shows the prototyped projector ar-

ray; Table 1 lists the specifi cations. The proto-
typed projector array used more than 50 Hi-
Vision projector units. The displayed 3-D 
image measures 70 inches, while the resolution 
is 1920 pixels horizontally and 1080 pixels ver-
tically for 3-D images on the screen surface. It 

is also possible to display motion pictures with 
a frame rate of 60 [fps]. The diffuser screen had 
a large diffusion characteristic of more than 40 
degrees vertically, with a small diffusion char-

Vertical diffusion characteristicsFig.7

Distribution of brightness values in y-axis 
direction of the observed image

Fig.8 Prototyped projector arrayFig.9

Specifi cations for prototyped equipmentTable 1

Projector unit

Number of units ＞50  
Liquid crystal panel 0.7 inch D-ILA

Panel resolution 1920×1080

Total number of pixels ＞100 million

Reconstructed 
3-D image

Image display size 70 inches (16:9)
Resolution

(when image location z=0) 1920 (H) x 1080 (V)

Frame rate 60 fps

Viewing angle approx. 40 degrees 
(horizontal parallax)
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brightness and coloring for each parallax im-
age. In the future, it will be necessary to de-
velop photographic methods suited for this dis-
play, as well as advanced and simple 
technologies for image processing.

5 Conclusion

This paper presented the development of a 
highly realistic communication system based 
on 3-D imagery. Particular attention was paid 
to large 3-D displays without special glasses; 
that is, considering a basic system and proto-
typing the equipment have enabled high-preci-
sion, 3-D display.

In the future, we will enhance the perfor-
mance of the image display function of various 
display systems and evaluate display images. 
Particular attention will be paid to large 3-D 
imagery without special glasses; that is, we in-
tend to make the screens even larger. Among 
the technical challenges to be addressed for 
that purpose are optimizing the diffuser screen, 
developing high-precision screen adjustment 
technology, and technology for producing 

acteristic of a few degrees horizontally. For the 
prototype, the projector array and display con-
tent were adjusted to improve total image qual-
ity of reconstructed 3-D images at the observa-
tion location according to the projector array, 
diffuser screen, fresnel lens characteristics, and 
other equipment actually used. The viewing 
area of the prototype can be observed by about 
fi ve persons in a range of about 1.5 [m] hori-
zontally and 2-3 [m] depthwise. 

Figures 10 (a) and (b) show a reconstructed 
image of 3-D computer graphics as observed 
from the left and right, respectively. One can 
see that there is parallax due to a difference in 
the positional relations of playing cards in the 
background and foreground according to the 
observation location. Moreover, Fig. 10 (c) and 
(d) similarly show real still images displayed. 
The images were taken as follows: one still 
camera was mounted on an automatic stage. As 
the camera moved vertically relative to the ob-
ject, the images were taken and parallax images 
obtained. In taking real images, it is necessary 
to calibrate the camera, and correct the image 

(a)

(c)

(b)

(d)

Example of display imageFig.10
3-D computer graphics as (a) observed from the left, (b) observed from the right; real image as (c) observed from 
the left, and (d) observed from the right.
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nication with remote locations. 
The large 3-D system without special glass-

es was jointly developed with JVC Kenwood 
Holdings, Inc. 

computer graphics and obtaining real imagery. 
In the future, we will also promote research and 
consider developing functions for image trans-
mission, as well as for interactive, live commu-
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