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RELFECTING THREE-DIMENSIONAL DISPLAY SYSTEM

BACKGROUND OF THE INVENTION

(@) Field of the invention

The present invention relates generally to three-dimensional display
system. More particularly, the present invention relates to three-dimensional

display system of reflection-type.

(b)  Description of the Related Art

Among the technologies that display three-dimensional image,
IP(Integral Photography) which uses a lens array was first proposed by
Lippmann in 1908. IP has not attracted much attention due to the limitation of
the image capturing and displaying device. Recently IP begins to be studied
extensively with the development of the high resolution image capturing and
displaying device.

FIG. 1 shows the basic principle of the IP. IP consists of two functional
parts (pickup/display) as shown in FIG. 1. In pickup part, many perspectives
(that are called elemental images) of the three-dimensional object from various
directions which are formed by the elemental lenses that constitute the lens
array are captured and stored by the image capturing device. In display part,
the reverse process of the pickup is performed. That is, the elemental images
that were stored by the image capturing device are displayed by image
displaying device, and the rays from the elemental images retrace through the
lens array to integrate the three-dimensional image at the position where the

original three-dimensional object was.
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FIG. 2 is a more detailed image that depicts the image reconstruction
principle of the IP. The elemental images which are displayed on the image
displaying device (FIG. 2(a)) are integrated by the lens array (FIG. 2(b))
around the image plane position (FIG. 2(c)) of the lens array.

The depth of the three-dimensional image is adjusted according to the spacing
between the elemental images and therefore three-dimensional image can be
displayed.

While conventional IP using the film as the pickup and displaying device
could not display animation, a developed IP using the charge coupled device
(CCD) camera and flat display panel (such as liquid crystal display (LCD) or
cathode ray tube (CRT)) can display three-dimensional animation as well as
still three-dimensional image. FIG. 3 shows the setup of the IP adopting the
CCD camera and LCD panel as the pickup and display device respectively.

Three-dimensional display based on the [P can display
three-dimensional image without any viewing aids (such as glasses) and
provides continuous viewpoints. However, realization of large size
three-dimensional display based on the IP is difficult because large size lens

array which is a major component of IP can not be readily made.

SUMMARY OF THE PRESENT INVENTION

Therefore, the object of the present invention is to provide a
reflection-type three-dimensional display which can readily be made for large

size based on IP.



10

15

20

WO 02/51165 PCT/KR01/02190

For this object of the present invention, according to one aspect of the
present invention, a reflection-type three-dimensional display system
comprises: an image providing device that provides elemental images; an
image displaying device that displays the elemental images; a projective lens
system that is located along the same axis as the image providing device; and
a concave mirror array that is located along the same axis as the projective
lens system. The projective lens system projects the image that fs displayed
by the image displaying device to the concave mirror array, and the concave
mirror array reflects and integrates the projected image and therefore displays
the three-dimensional image.

Wherein, the concave mirror array includes spherical or non-spherical
concave mirrors according to the direction and distance of projection of the
elemental images. In addition, the concave mirror array can be curved itself as
a whole to be non-plane as well as plane according to the direction and

distance of projection of the elemental images.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention will become
more apparent by describing in detail preferred embodiments thereof with
reference to the attached drawings in which:

FIG. 1 shows the basic concept of the conventional IP{Integral
Photography).

FIG. 2 shows an image that shows the image reconstruction principle of
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FIG. 3 shows the conventional IP that displays three-dimensional
animation (moving picture).

FIG. 4 depicts the characteristics of the convex lens and the concave
mirror.

FIG. 5 shows the reflection-iype three-dimensional display system,
according to a preferred embodiment of the present invention.

FIG. 6 shows the image reconstruction principle of the reflection-type
three-dimensional display system, according to the preferred embodiment of
the present invention.

FIG. 7A and FIG. 7B show examples of the concave mirror array

according to the preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The features and advantages of the present invention will become more
apparent from the detailed description of preferred embodiments with
reference to the accompanying drawings, like reference numerals are used for
description of like or equivalent parts or portions for simplicity of illustration and
explanation.

In‘general, the most major problem of the large size three-dimensional
display based on IP is the difficulties in manufacturing a large size lens array,
and assembling the lens array and the projection display system which can
readily be made large.

Therefore, if we make the large 'size three-dimensional display by the

use of the lens array, the size of the display itself becomes too big. Moreover,
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it is also not easy to place the large size lens array in front of the large size
display in parallel. Consequently, the three-dimensional display based on IP
by the use of the lens array can hardly be made for large size.

On the other hand, a convex lens and a concave mirror have similar
optical characteristics except the change of the optical axis. FIG. 4 shows the
characteristics of the general convex lens and concave mirror.

While a convex lens focuses light on the focal length f in the direction of
the incident light propagation as shown in FIG. 4(a), a concave mirror focuses
light on the focal length f' in the opposite direction of the incident light
propagation (that is the direction of the reflected light) as shown in FIG. 4(b).
In other words, a concave mirror performs optically equivalent function except
a point that the concave mirror reflects light while the convex lens refracts
light.

With this fact, in the preferred embodiment of the present invention, the
reflection-type three-dimensional display system uses concave mirror array
instead of convex lens array.

In the embodiment, the concave mi(ror array can be placed far from the
image displaying device which displays the elemental images, and the system
can display three-dimensional image by projection type. Therefore the image
displaying device does not need to be the same size as the concave mirror
array, consequently the large size three-dimensional display can be easily
achieved by the use of the small image displaying device such as SLM
(Spatial Light Modulator).

The reflection-type three-dimensional display system according to the

5
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preferred embodiment of the present invention includes an image providing
device 1 which provides the elemental images, an image displaying device 2
which displays the elemental images provided by the image providing device
1(projective display device), a projective lens system 3 and a concave mirror
array 4, which are placed sequentially along the same axis as the image
displaying device 2.

The image providing device 1 can be a device which takes still or
moving picture. For example, it can be a CCD camera that includes a lens
which images the object, an image capturing device which outputs the
electronic signal about the object imaged by the lens, and a signal processing
unit which forms the elemental images by processing (noise reduction, signal
amplification, i.e.) the electronic signal output provided by the image capturing
device. Or the image providing device 1 can be a computer that computes and
forms the elemental images according to the input information.

The image displaying device 2 (projective display device) displays the
elemental images provided by the image providing device 1. The image
displaying device 2 includes a spatial light modulator such as LCD or DMD
(Deformable Mirror Device), a control unit which drives the spatial light
modulator according to the elemental images provided by the image providing
device 1, and the light source which projects light on the spatial light
modulator.

The technology that displays images in the image displaying device which
consists of the projective display device has been well known and we skip a

detailed description.
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The projective lens system 3 which includes at least one or more
projective lenses, collects light from the elemental images and projects it to the
concave mirror array 4.

The concave mirror array 4 consists of many elemental concave mirrors

aligned in a NXM (N=M or N+ M) matrix form. Wherein, the each concave

mirror which can be spherical or non-spherical forms image at a certain
distance according to the direction and distance of projection like a convex
lens. |

Generally, while spherical concave mirror is used in many optical
systems because it can be readily manufactured, it has a spherical aberration.
The non-spherical concave mirror is manufactured to have no aberration.
Therefore, it can be the that it is preferred to use the concave mirror array
which consists of the non-spherical concave mirrors. However, there is no
difficulties in proving or showing the desired performance of the present
invention even if we use the concave mirror array which consists of the
spherical concave mirrors. On the other hand, the concave mirror array
plane (a plane on which the concave mirrors are placedj can be flat or curved.

The operation of the reflection-type three-dimensional display system
according to the preferred embodiment of the present invention will now be
described.

The image providing device 1 makes elemental images by pick-up or
calculation and provides them to the image displaying device 2, aﬁd the image

displaying device 2 which consists of the projective display devices displays

the elemental images.
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The projective lens system 3 projects the elemental images displayed
by the image displaying device 2 to the concave mirror array 4, and the
projected elemental images are reflected by the concave mirror array 4 and
integrated to form the three-dimensional image.

FIG. 6 shows the principle of displaying the three-dimensional image by
the reflection-type three-dimensional display system according to the preferred
embodiment of the present invention in more detail.

The elemental images which are displayed by the image displaying
device 2 are projected near the concave mirror array 4 (position A) as shown
in FIG. 6. Then the projected elemental images are integrated in the vicinity of
the position B by the concave mirror array 4 with the depth and therefore the
observer can see the three-dimensional image at a position C.

The concave mirror array plane is not necessarily flat and it can have
curved shape. FIG. 7A and FIG. 7B show the examples of the concave mirror
array of flat concave mirror array plane and curved concave mirror array plane.
As shown in FIG. 7A, when the concave mirror array plane is flat, in order that
the observer can see the three-dimensional image, the elemental images
should be placed in wider area at the image plane whe_re the elemental
images are imaged and therefore the size of the image displaying device
should be larger than when the concave mirror array plane is curved.

When the concave mirror array plane is curved as shown in FIG. 7B,
because the curved concave mirror array plane collects the diverging light, the
size of the image displaying device can be smaller than when the concave

mirror array plane is flat and the difficulty in observing the three-dimensional

8
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image which originates from the diverging of the projected light ravels out.

Wherein, the curvature and the size of the concave mirror array plane is
determined by the size and the amount of the divergence of the elemental
images which are displayed by the image displaying device and projected by
the projective lens system. Therefore this kind of setup has advantages
because the large size display device is not necessary and the beam projector
can be used to make large size three-dimensional display system.

While the present invention has been particularly shown and described
with reference to specific preferred embodiments, it should be understood by
those skilled in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the present invention as
defined by the appended claims.

As described above, the preferred embodiment of the present invention
provides a reflection-type three-dimensional display using a concave mirror
array and readily displays a large size three-dimensional image because the
elemental images are projected by the projective lens system to large concave

mirror array that can be manufactured relatively easily.
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WHAT IS CLAIMED |S:

[Claim 1]

A three-dimensional display system comprising:

an image providing device which provides elemental images;

an image displaying device which displays the elemental images;

a projective lens system which is aligned along the same axis as the
image display device and projects the elemental images; and

a concave mirror array which is aligned along the same axis as the
projective lens system, includes at least one or more concave mirrors, and
forms three-dimensional image by reflecting and integrating the projected
elemental images.

[Claim 2]

The three-dimensional display system of claim 1, wherein each concave
mirror of the concave mirror array is spherical or non-spherical according to
the direction or distance of projection of elemental images.

[Claim 3]

The three-dimensional display system of claim 1, wherein a concave
mirror array plane of the concave mirror array is flat or curved according to the
direction or distance of projection of elemental images.

[Claim 4]

The three-dimensional display system of claim 1, wherein a concave

mirror array plane of the concave mirror array is curved.

10
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