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Abstract 
The authors describe a 360 degree viewing display that 
can be viewed from any direction.   To generate all-ar
ound 360 degree viewing window, we developed a sp
ecial diffusion screen with one viewing aperture using 
holographic optical elements. 
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Fig. 1. Viewing zones of our display systems. 
 
 

1. Introduction 
 

This paper describes a 360 degree viewing display 
system that can be viewed from any direction (i.e., the 
display has a 360-degree viewing angle).  The 
authors have ever researched 3D display systems 
using the polarized glasses and the liquid crystal 
shutter glasses, the image splitter such as a parallax 
barrier or a lenticular screen and the holographic 
optical elements1)2)3).  However, a conventional 
monitor display is viewed from one direction, that is, 
the display has narrow viewing angle and observers 
cannot view the screen from the opposite side.  
Hence we developed a tabletop display system for 
collaborative tasks cooperated by two users.  This 
tabletop display can provide different images to two 
users surrounding the system utilizing the image 
splitting technologies for displaying a stereoscopic 3D 
image.  The viewing zones of these displays are 
shown in Fig. 1.  But screens on the monitor cannot 

be viewed correctly by all users from any direction.  
Thus, conventional display systems enable users not 
to do collaborative tasks on the round table.  To solve 
this problem, we developed the 360 degree viewing 
system. 

 
 

 
Fig. 2. Cooperative work of life review activity. 

 
 

2. Motivations  
 

The authors have researched multimedia system and 
support system for nursing studies on and practices of 
reminiscence therapy and life review therapy.  The 
concept of the life review is presented by Butler in 
1963.  The process of thinking back on one's life and 
communicating about one's life to another person is 
called life review.  A therapist must keep a record of 
sessions for inspection of methods and ways of 
valuation on reminiscence and life review therapy, but 
it is trouble for the therapist to record.  The aim of 
research is to develop the support system which can 
automatically give an optimum topic and write down a 
session report about the activity.  This life review is 
often assisted by aids such as videos, pictures and life 
story books, as shown in Fig. 2, in order to make an 
opportunity of talking.  We want to develop an omni-
directional display system for cooperative activity on 
a round table to enable all-around viewing and 
unification of media contents by an electronic form. 
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Fig. 3. Floating display system(KNB-01). 
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Fig. 4. Principle of generating 3D image. 
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Fig. 5. Lens optics for generating real image. 
 

 

3. Floating Display 
 

Fig. 3 shows two parabolic mirrors for generating a 
floating virtual 3D image.  Using the dual parabolic 
mirrors, the generated virtual 3D image is floating in 
the air.  The optical phenomenon is shown in Fig. 4.  
This virtual 3D object maker is really two parabolic 
mirrors with identical shapes.  The bottom mirror 
lays face-up on the table while the upper mirror, 
which has a hole in its center, lays face-down on the 
bottom mirror.  These mirrors are designed so that 
the focal point of one lies just at the vertex of the 
other when they are placed on top of one another. 

An object placed at the center of bottom mirror will 
be at the focal point of upper mirror.  Light from the 
object reflects off of upper mirror into parallel paths.  
This light shines on bottom mirror, reflects, and 
converges to the point fB.  This light makes a real 
image at fB. 

You place any small object or objects in the lower 
mirror, taking care to center them.  Next, you set the 
upper mirror on top, being sure that both mirrors fit 
very well.  Instantly, the objects appear floating 
above the mirrored circle, in full color and three 
dimensions.  If you look at the hole of upper mirror, 

you'll see the object appear to hover at that point.  
This floating 3D object can be viewed from 360 
degrees, but you can't touch it, because it's not really 
there. 

In order to float an image screen of the 360 degree 
viewing display, we utilized the optical phenomenon 
of these parabolic mirrors as shown in Fig. 3.  As 
shown in Fig. 4, the screen panel only sticks out of the 
bottom mirror and the rotating mechanism hides under 
the mirror.  While this panel is rotating at a uniform 
speed, the observers directly can view an image of the 
panel, which is above the bottom mirror, from any 
direction.  Using the dual parabolic mirrors, the 
virtual screen happens to be in the hole in the upper 
mirror and can be viewed from any direction because 
an image of the object put on the bottom mirror is 
made to appear in the upper mirror's focal point. 

 
 

4. 4-views Tabletop Display 
 

The convex lens serves to direct each image into 
the specific direction.  This image generation of the 
convex lens is also based on this principle as shown in 
Fig 5.  Real images occur when objects are placed 
outside the focal length of a converging lens.  A real 
image is illustrated in Fig 5.  Ray tracing gives the 
position of the images by drawing one ray 
perpendicular to the lens, which must pass through the 
focal point, and a second ray that passes through the 
center of the lens, which is not bent by the lens.  The 
intersection of the two rays gives the position of the 
image.  A third ray could be drawn which passes 
through the focal point on the left side of the lens; 
after passing through the lens, it would travel parallel 
to the axis, and would intersect the other two rays at 
the point where those rays already intersect. Note that 
the real image is inverted.  The position of the image 
can be found through the equation: 

1/dO + 1/dI = 1/f 
Here, the distances are those of the object and image 
respectively as measured from the lens.  The focal 
length f is positive for a convex lens.  A positive 
image distance corresponds to a real image, just as it 
did for the case of the mirrors.  However, for a lens, 
a positive image distance implies that the image is 
located on the opposite side from the object. 

Fig. 6 shows the appearance of a floating display 
system.  This display consists of four LCD panels, 
convex lenses and mirrors.  A pair of display and 
lens generates a floating image in front of a lens.  To 
simplify an optical layout, the mirrors are attached on 
the lenses.  This mirror reflecting can downsize the 
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display unit.  In the prototype display, the interval of 
the display and the lens is 400 mm.  The floating 
images are generated about 350 mm apart from the 
lens.  Since this display has four image units, 
observers can perceive four different images from 
corresponding directions around the table. 

 
 

 
Fig. 6. Tabletop display system(KNX-50). 

 
 

5. 360 Degree Viewing Display 
 

In this paper, we describe the 360 degree viewing 
display.  This newly developed 360 degree viewing 
system has an image displaying screen and a 360 
degree rotating table by a motor.  The principle is 
very simple.  The image screen rotates at a uniform 
speed.  Then the observer can view the monitor 
screen at any position surrounding the round table as 
shown in Fig. 7.  But the solid of revolution is 
formed when the image screen is rotated.  Hence the 
angle of view is controlled by the slit or the optical 
element in order that the screen faces an observer and 
he can view an only 2D image on the screen without a 
3D solid image.  The observer can view an only 
vertical strip of pixels through the aperture of a slit.  
According to the position of an aperture, the observer 
perceives a different strip of the image screen.  As 
the result, the whole area of the screen can be 
observed when the slit moves and rotates through 
some angle.  Because of the existence of a slit, the 
observer can perceive a correct image on the plane 
screen without the solid of revolution. 

 
 

 
Fig. 7. Principle of 360 degree viewing display. 
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Fig. 8. Virtual slit by hologram. 

 
 

6. Holographic Diffractive Screen 
 

To solve the afterimage problem, the rotation 
display system needs to have the slit for controlling 
the viewing angle.  However an actual slit prevent 
observers from touching a screen directly.  Moreover 
it is appallingly dangerous because of high speed 
rotation.  To avoid dangerous, we made a virtual slit 
using a holographic diffractive screen instead of the 
actual slit.  Functions of the holographic screen can 
be designed so as to scatter a light like a ground-glass, 
to converge a ray like a lens or to control ray 
diffractions for generating a virtual viewing aperture.  
Fig. 8 shows the virtual slit using a holographic screen.  
We make this special designed diffusion screen by a 
holographic recoding process. 
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Fig. 9. Recording and reconstruction of hologram. 
 
 

Holography is recording of wavefronts onto 
holograms for later reconstruction.  Hence 
holography enables us to recreate three-dimensional 
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images of the objects that produced these wavefronts.  
The processes that describe holography are essentially 
interference and diffraction phenomena.  A hologram 
is a record of an object wavefront, formed from the 
interference of the wavefront with a suitable reference 
wave as shown in Fig. 9(a).  Since the hologram is a 
record of an interference pattern, the reference wave 
must be coherent with the object wave.  The method 
to generate coherent waves is to generate both waves 
from a laser source.  After recording, the original 
wavefront can be generated by illuminating the 
hologram with a wavefront corresponding to the 
reference wave as shown in Fig. 9(b). 
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Fig. 10. Recording & reconstruction of holo-screen. 
 
 

 
Fig. 11. Observed image. 

 
 

The way of making the holographic diffusion screen 
in case of being one virtual viewing aperture, is 
described here.  The hologram screen is made with 
Slavich PFG-01 red-sensitive emulsion, and exposed 
by a He-Ne laser (632.8 nm).  It is a surface light 
source (i.e., planer diffused lighting) that is recorded 
in this holographic material, as mentioned in the 

following.  To clarify the principle, we assume that a 
line light source, instead of a surface light source, is 
recorded in holographic emulsion.  However, one 
can understand the case that a surface light source is 
recorded because a surface light source consists of 
line light sources.  In order that the viewer may be 
about 400mm from the screen, the object beam stick 
(i.e., the line light source) is positioned there (Fig. 
10(a)).  Therefore, the image should be perfectly 
visible when viewed from a distance of about 400mm.  
The line light source is recorded in the hologram.  
The collimated reference beam at normal to the 
material is used at the exposure so as to use the 
collimated beam through LCD pixels when 
reconstructed as illustrated in Fig. 10(b).  Thus, the 
exposure so as to make a special designed diffusion 
screen with one viewing aperture, is complete.  Fig. 
11 shows an observed image of the 360 degree 
viewing display. 
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