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(57) Abstract

A system (10) and a method for autostereoscopically displaying a scene on a screen (16) wherein the system includes two or more
reconfigurable holographic optical element (HOE) stacks (18 and 20) in the screen. Each of the reconfigurable HOEs includes a hologram
(40, 42 and 44) that is sandwiched between two electrode layers (46) and can be configured to perform optical functions including lens
function and optical diffusing function with respect to light intensity toward a predefined viewing region. The reconfigurable HOE stacks
are utilized to optimally diffuse monochromatic images projected from an image projector (12) to one or more observers.
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AUTOSTEREOSCOPIC DISPLAY
BASED ON ELECTRICALLY SWITCHABLE HOLOGRAMS

This application claims the benefit of U.S. Provisional Appli-
cation No. 60/104,583, filed October 16, 1998.

TECHNICAL FIELD

The invention relates generally to autostereoscopic display
systems and more particularly to an autostereoscopic display system that
utilizes holographic optical elements.

BACKGROUND ART

Conventional stereoscopic displays rely on a displayed scene
that is made up of two slightly different perspective images of the same
scene. When viewed using specifically designed colored filters or polarizing
filters, the displayed scene will appear to be three-dimensional. In contrast,
autostereoscopic displays do not require any special viewing aids.

An autostereoscopic display is typically comprised of an input
image generator and a screen capable of producing viewing zones at a
comfortable distance from the screen. The viewing zones are configured
such that each eye of a viewer sees one of a stereo pair of slightly different
perspective images, so that the scene displayed on the screen is viewed in a
stereoscopic form. |

Methods based on parallax barriers or lenticular lenses have
been widely used for autostereoscopy. In the former, as long as the correct
viewing geometry is maintained, the viewer can look through the grid with
each eye seeing the correct left or right image. However, such displays have
significant limitations. For example, if the viewer is incorrectly positioned, the
right eye of the viewer can see the image intended for the left eye and vice
versa. In addition, increasing the number of viewpoints requires grids with
wider apertures and opaque bands, resulting in a severely reduced light
transmission and a more conspicuous grid. These limitations may be
alleviated by the use of lenticular screens, which comprise bands of cylindrical
lenses with the image behind each lenticular element consisting of vertical
stripes. This arrangement allows rays to be directed to predetermined



10

15

20

25

30

35

WO 00/23830 PCT/US99/15428

-2-

regions of the viewing area. Lenticular screens also have the attribute of
being able to provide multiple viewing zones. The central viewing zone gives
the best image quality. The image quality deteriorates as the viewer moves
away from the axis. The interfacing of lenticular (and parallax) screens to
images presents severe registration problems, such as moire patterns.

The autostereoscopic methods described above require a
composite input image, comprising alternate image strips for the left and right
eyes. One way of increasing the effective viewing field is to create multiple
simultaneous views. However, this imposes severe bandwidth requirements.
An alternative approach is to track the position of the head and use an image
steering system such that only two views need to be displayed simultaneously
for a given viewer.

U.S. Pat. No. 4,799,739 to Newswanger describes a projection
system that includes a holographically diffusing screen to provide an auto-
stereoscopic display. The system of Newswanger further includes a number
of projectors that generate and project images to the screen from different -
fixed locations. The holographically diffusing screen is a holographic optical
element that has been configured to diffuse each projected image from one of
the projectors to a discrete viewing zone. Thus, the number of viewing zones
corresponds to the number of projectors included in the system. As long as
each eye of a viewer is positioned in a viewing zone, a stereoscopic image
can be observed by the viewer.

A concern with the holographically diffusing screen included in
the system of Newswanger is that such a holographic optical element, in
which several holograms are effectively recorded into a single optical
element, would have a reduced diffraction efficiency for each separate
hologram. In this type of holographic optical element, the diffraction efficiency
scales as approximately divided by the square of the number of recorded
holograms.

Although the conventional autostereoscopic display systems
operate well for their intended purposes, what is needed is an autostereo-
scopic display system that can accommodate multiple viewers in a wide
effective viewing field using a single image source.
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DISCLOSURE OF INVENTION

An autostereoscopic display system and a method of displaying
a scene in a stereoscopic form on a screen of the system include two or more
reconfigurable holographic optical elements (HOEs) in the screen. The
reconfigurable HOEs may be designed to perform simple optical functions
that are commonly associated with traditional optical devices, such as those
performed by lenses, prisms and mirrors. However, the reconfigurable HOEs
are also designed to perform sophisticated optical manipulations, such as
varying the light intensity with respect to a specific direction. Depending on
the optical characteristics of the reconfigurable HOEs, the projection screen
of the system may be designed for “reflective viewing,” i.e., viewing from the
side of the projection screen facing an image generator, or for “transmissive
viewing,” i.e., viewing from the side of the screen opposite to the image
generator.

Each reconfigurable HOE includes a hologram that is sand-
wiched between two electrode layers. The hologram is a holographic photo-
polymeric film that has been combined with liquid crystal. The presence of
the liquid crystal allows the hologram to exhibit optical characteristics that
are dependent on an applied electrical field. Preferably, the hologram is a
Bragg-type hologram, having a high diffraction efficiency. The electrode
layers may be made of Indium Tin Oxide (ITO), which typically has a trans-
mission efficiency of greater than 80%.

The reconfigurable HOE has at least two optical operating
states, a diffractive state and a passive state. The diffractive properties of the
reconfigurable HOE primarily depend on the recorded holographic fringes in
the photopolymeric film. In the diffractive state, the reconfigurable HOE
diffracts propagating light in a predefined manner. In the passive state, the
reconfigurable HOE does not optically alter the propagating light. Initially,
the hologram of the reconfigurable HOE is in the diffractive state, such that
received light is diffracted in the predefined manner. However, when an elec-
trical field is generated in the hologram by applying voltage to the electrode
layers of the reconfigurable HOE, the operating state of the hologram
switches from the diffractive state to the passive state.

In a first embodiment of the present invention, the system
includes an image generator, projection optics and a projection screen having
two stacks of reconfigurable HOEs. A first reconfigurable HOE stack of the
screen is designed to diffuse images projected from the image generator to a
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first diffusion zone. A second reconfigurable HOE stack is designed to diffuse
the projected images to a second diffusion zone. The images manipulated by
the first stack form a left perspective scene, while the images manipulated by
the second stack form a right perspective scene. When an observer views
the screen through the two diffusion zones, a stereoscopic scene can be seen
by the observer.

The images projected from the image generator are sequences
of monochromatic images that combine by means of binocular fusion to
appear as a color scene to a person. A single perspective scene is presented
by sequentially displaying three different monochromatic images of the
tristimulus colors, i.e., red, green and blue. Therefore, both of the
reconfigurable HOE stacks of the screen include three reconfigurable HOEs
that are holographically configured to be distinguishable with respect to
diffusing the monochromatic images of the three tristimulus colors. The
reconfigurable HOEs of the stacks can then sequentially diffuse the different
monochromatic images to display images on the screen. In operation, at any
given time only a single reconfigurable HOE within the screen is set to the
diffractive state to diffuse the currently projected monochromatic image. The
other reconfigurable HOEs within the screen are set to the passive state, so
that they do not optically manipulate the projected image. In this manner,
each of the reconfigurable HOEs within the screen is sequentially set to the
diffractive state to diffuse a chromatically corresponding image to one of the
two viewing zones.

In a second embodiment of the invention, the projection screen
includes four reconfigurable HOE stacks. Similar to the reconfigurable HOE
stacks of the first embodiment, each of the four reconfigurable HOE stacks
includes three reconfigurable HOE to diffuse monochromatic images pro-
jected from the image generator. Two of the four reconfigurable HOE stacks
are holographically configured to diffuse the projected images to a first pair of
viewing zones. The first pair of viewing zones allows a first observer to view a
stereoscopic scene displayed on the screen. The other two reconfigurable
HOE stacks of the screen are holographically configured to diffuse the pro-
jected images to a second pair of viewing zones. The second pair of viewing
zones allows a second observer to view the same scene displayed on the
screen in a stereoscopic form.

In an alternative arrangement, the system in accordance with
the second embodiment operates to display different stereoscopic scenes to
the two observers. This is accomplished by sequentially projecting images
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of a first stereoscopic scene and then sequentially projecting images of a
second stereoscopic scene. The projected images of the first scene are
diffused by the reconfigurable HOEs of the first stack to the first pair of
viewing zones, while the projected images of the second scene are diffused
by the reconfigurable HOEs of the second stack to the second pair of viewing
zones. Therefore, each observer views only one of the two stereoscopic
scenes through a pair of viewing zones associated with the position of that
observer. ‘

The system in accordance with the second embodiment can be
modified to accommodate additional observers positioned at different loca-
tions. For each additional observer, the projection screen may be modified
by including a pair of additional reconfigurable HOE stacks, such that the
projected images are diffused to two new viewing zones associated with each
location of an additional observer. The modified system may include one or
more imaging devices to detect the presence of observers and to determine
their locations, so that only images that will be directed to the viewing zones
associated with the observers’ locations are projected and diffused by the
system.

In a third embodiment of the invention, the projection system is
operatively configured to produce a wide field of view that is formed by a
number of viewing zones. The viewing zones are supplied with different
perspective images, such that one or more observers can experience parallax
by looking at the projection screen through different pairs of viewing zones
while moving along the wide field of view. In order to provide the viewing
zones, the projection screen includes a corresponding number of reconfigur-
able HOE stacks. The reconfigurable HOE stacks are each holographically
configured to diffuse projected images to a particular viewing zones. The
exact number of reconfigurable HOE stacks within the screen is not critical to
the invention. The system in accordance with the third embodiment may
include one or more imaging devices, so that only images that will be directed
to the viewing zones associated with the observers’ locations are projected
and diffused by the system. The imaging devices may also track movements
of the observers to anticipate the viewing zones that will be visited by the
observers, so that the reconfigurable HOE stacks associated with those
viewing zones will be operational only when the observers are within or near
the viewing zones.

An advantage of the system is that only a single image source,
i.e., the image generator, is required to provide images to a large number of
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viewing regions. Another advantage is that the quality of the displayed
stereoscopic scene is not dependent on the location of the viewing regions.
In addition, the use of the reconfigurable HOEs allows the projection screen
to be utilized in different applications.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of an autostereoscopic display
system that includes a projection screen having reconfigurable holographic
optical elements (HOEs) in accordance with a first embodiment of the inven-
tion.

Fig. 2 is a schematic diagram of the components of a recon-
figurable HOE stack in accordance with the invention.

Fig. 3 is a schematic diagram of an autostereoscopic display
system in accordance with a second embodiment of the invention.

Fig. 4 is a schematic diagram of an autostereoscopic display
system in accordance with a third embodiment of the invention.

Fig. 5 is a flow diagram of a method of autostereoscopically
displaying a scene in accordance with the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Fig. 1, an autostereoscopic display system 10
in accordance with a first embodiment of the invention is shown. The display
system includes an image generator 12, a projection optics 14 and a screen
16. The screen includes what will be referred to as “reconfigurable holo-
graphic optical elements” (HOEs). Similar to conventional HOEs, these
reconfigurable HOEs can perform functions typically associated with tradi-
tional optical elements, as well as more sophisticated optical manipulations.
However, the reconfigurable HOEs can alter their optical properties when an
electrical field is applied.

The reconfigurable HOE includes a hologram that is sandwiched
between two electrode layers. The hologram is preferably a Bragg-type
hologram, having a high diffraction efficiency. The hologram is a holographic
photopolymeric film that has been combined with liquid crystal. As an
example, the photopolymeric film may be composed of a polymerizable
monomer having dipentaerythritol hydroxypentacrylate, as described in PCT
Application No. PCT/US97/12577 by Sutherland et al. The liquid crystal may
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be suffused into the pores of the photopolymeric film. The holographic fringes
may be recorded into the photopolymeric film either prior to or after being
combined with the liquid crystal. In the preferred embodiment, the
photopolymeric material is combined with the liquid crystal prior to a record-
ing. In this preferred embodiment, the liquid crystal and the polymer material
are pre-mixed and the phase separation takes place during the recording of
the hologram, such that the holographic fringes become populated with a high
concentration of liquid crystal droplets. This process can be regarded as a
“dry” process, which is advantageous in terms of mass production of the
reconfigurable HOEs.

Recording of the hologram can be accomplished by a traditional
optical process in which interference fringes are created by applying beams of
light. Alternatively, the interference fringes may be artificially created by using
highly accurate laser writing devices or other optical replication techniques.
The electrode layers that are adjacent to the hologram are made of a trans-
parent conductive material. As an example, the electrode layers may be
made of Indium Tin Oxide (ITO), which usually has a transmission efficiency
of greater than 80%. An electrical field is generated within the hologram
when a potential difference is applied to the layers.

The reconfigurable HOE has at least two optically operating
states, a diffractive state and a passive state. The optical properties of the
reconfigurable HOE primarily depend on the recorded holographic fringes
in the photopolymeric film. In the diffractive state, the reconfigurable HOE
diffracts propagating light in a predefined manner. In the passive state, the
reconfigurable HOE does not optically alter the propagating light. Initially,
the hologram of the reconfigurable HOE is in the diffractive state, such that
received light is diffracted in the predefined manner. However, when an
electrical field is created in the hologram by applying voltage to the electrode
layers of the reconfigurable HOE, the optical state of the hologram switches
from the diffractive state to the passive state.

The projection screen 16 includes two reconfigurable HOE
stacks 18 and 20. Each stack contains three reconfigurable HOEs. The
reconfigurable HOE stack 18 is designed to diffuse a right perspective image
of a scene projected from the image generator 12, such that the right
perspective image is directed toward a viewing region occupied by the right
eye 22 of an observer, as illustrated by polar diagrams 24 and 26. However,
the reconfigurable HOE stack 20 is designed to diffuse a left perspective
image of the same scene projected from the image generator, such that the
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left perspective image is directed toward a viewing region occupied by the
left eye 28 of the observer, as illustrated by polar diagrams 30 and 32. The
reconfigurable HOE stacks operate in an alternating fashion to direct the
right and left perspective images to the corresponding eyes of the observer.
When the right and left perspective images are viewed by the observer, a
stereoscopic view of the scene can be observed.

Structurally, the stacks 18 and 20 are essentially identical,
except for the interference fringes recorded in the reconfigurable HOEs of the
stacks. Therefore, only the stack 18 will be described in detail. In Fig. 2, the
components of the reconfigurable HOE stack 18 are shown. The stack 18
includes three reconfigurable HOEs 34, 36 and 38. The reconfigurable HOE
34 includes a hologram 40 that is sandwiched between two electrodes 46.
Similarly, the reconfigurable HOE 36 includes a hologram 42 between a pair
of electrodes 46, and the reconfigurable HOE 38 includes a hologram 44
between another pair of electrodes 46. Each hologram 40-44 is holograph-
ically configured to have a diffusing characteristic that results in the diffusion
pattern, as illustrated by the polar diagrams 24 and 26 of Fig. 1. However,
each hologram is also configured such that only a particular monochromatic
light is diffused by the hologram. The hologram 40 is dedicated to operate on
red light. The hologram 42 is configured to only operate on green light, while
the hologram 44 is specific to blue light. The electrodes of the reconfigurable
HOEs are individually coupled to a voltage controller 48. The voltage con-
troller selectively provides an excitation signal to the electrodes of a selected
reconfigurable HOE, switching the hologram of that reconfigurable HOE from
the diffractive state to the passive state. The hologram in the passive state
can then be switched to the diffractive state by removing the voltage to the
electrodes.

Although not illustrated, the stack 20 also includes three
reconfigurable HOEs that are each configured to diffuse a particular mono-
chromatic light. The reconfigurable HOEs of the stack 20 may be coupled to
the voltage controller 48, along with the reconfigurable HOEs of the stack 18.
In an alternative arrangement, the reconfigurable HOEs of stack 20 may be
coupled to a separate voltage controller. The only significant difference
between the stacks 18 and 20 is that the reconfigurable HOEs of the stack 18
are holographically configured to produce a first diffusion pattern, as illus-
trated by the polar diagrams 24 and 26, while the reconfigurable HOEs of the
stack 20 are configured to produce a second diffusion pattern, as illustrated
by the polar diagrams 30 and 32.
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In order to autostereoscopically display a color scene, the
system 10 operates to sequentially display three right perspective monochro-
matic images of the scene and three left perspective monochromatic images
of the same scene, with each monochromatic image corresponding to one of
the tristimulus colors, i.e., red, green and blue. The monochromatic images
are sequentially generated and projected to the projection screen 16 by the
image generator 12. These monochromatic images are projected to the
screen through the projection optics 14. The projection optics focuses and
maghnifies the projected monochromatic images, so that the images are
focused and enlarged when viewed by the observer.

The projection screen 16 operates in conjunction with the image
generator 12 to selectively diffuse the projected monochromatic images in
one of the two diffusion patterns, so that the left images are directed to the
left eye of the observer and the right images are directed to the right eye of
the observer. When the right perspective images are generated and pro-
jected, the reconfigurable HOE stack 18 is selected to optically operate on
these projected images. The unselected reconfigurable HOE stack 20 is set
be optically passive to the projected images. Similarly, when the color set of
left perspective images is generated and projected, the reconfigurable HOE
stack 20 is selected to optically operate on these projected images and the
reconfigurable HOE stack 18 is set to be optically passive.

When the right perspective images of a scene are being
sequentially generated and projected by the image generator 12, the recon-
figurable HOEs 34-38 of the stack 18 sequentially diffuse these projected
images to the right eye 22 of the observer. In a cycle synchronized with the
refresh rate of the image generator, the reconfigurable HOEs 34-38 of stack
18 are selectively and individually set to the diffractive state by the voltage
controller 48. During a period when the image generator projects a red
monochromatic image, the reconfigurable HOE 34 is set to the diffractive
state to diffuse the image in the first diffusion pattern, as illustrated by the
polar diagrams 24 and 26. The other reconfigurable HOEs 36 and 38 are set
to the passive state. During a period when the image generator projects a
green monochromatic image, the reconfigurable HOE 36 is set to the
diffractive state to diffuse the green image in the first diffusion pattern, while
the reconfigurable HOEs 34 and 38 are set to the passive state. Similarly,
during a period when the image generator projects a blue monochromatic
image, the reconfigurable HOE 38 is set to the diffractive state to diffuse the
blue image in the first diffusion pattern, while the reconfigurable HOEs 34 and



10

15

20

25

30

35

WO 00/23830 PCT/US99/15428

-10-

36 are set to the passive state. The order in which the monochromatic
images are projected and diffused is not critical to the invention. With a
sufficient refresh rate, the sequential diffusion of the right perspective
monochromatic images produces a color composite image of the right
perspective scene.

In a similar manner, the left perspective monochromatic images
of the same scene are sequentially diffused by the reconfigurable HOE stack
20 to the left eye 28 of the observer. The sequential diffusion of the left
perspective images displays a composite color image of the left perspective
scene to the left eye. Although the right and left perspective color scenes are
viewed consecutively, the left and right scenes will appear to be simultane-
ously displayed on the screen 16, if the left and right scenes are displayed
with sufficient speed. This is a direct result of binocular fusion, in which the
left and right eye images are fused during an eye integration time. When the
left and right perspective scenes are viewed “simultaneously,” the observer
will view a stereoscopic display of the color scene.

Turning to Fig. 3, an autostereoscopic display system 50 in
accordance with a second embodiment is shown. The same reference
numerals of Fig. 1 will be used for the same components illustrated in Fig. 3.
The system includes the image generator 12, the projection optics 14 and a
screen 52. The screen contains reconfigurable HOE stacks 54, 56, 58 and
60. Similar to the stacks 18 and 20 of the screen 16 in Fig. 1, each of the
stacks 54-60 is composed of three reconfigurable HOEs that are holograph-
ically configured to be wavelength selective to diffuse monochromatic images
of a particular tristimulus color projected from the image generator 12.

The reconfigurable HOE stacks 54-60 are designed to diffuse
the projected images to viewing zones 62, 64, 66 and 68. The reconfigurable
HOE stack 54 is holographically configured to diffuse the projected images to
the viewing zone 62. Similarly, the reconfigurable HOE stacks 56-60 are
configured to diffuse the projected images to the viewing zones 64-68,
respectively. The viewing zones 62 and 64 allow an observer 70 to stereo-
scopically view a scene displayed on the screen 52, while the viewing zones
66 and 68 allow an observer 72 to stereoscopically view the same scene
displayed on the screen.

With respect to the mode of operation, the reconfigurable HOE
stacks 54-60 of the projection screen 52 operate in pairs to direct the pro-
jected images to the observers 70 and 72. Therefore, the reconfigurable
HOEs 54-60 will be described in pairs. The reconfigurable HOE stacks 54
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and 56 constitute a first pair, while the stacks 58 and 60 constitute a second
pair. Each pair of stacks 54-60 operates in the same manner as the recon-
figurable HOE stacks 18 and 20 of the projection screen 16 in Fig. 1 to
display a color image in a stereoscopic form to one of the observers. How-
ever, the first and second pairs of stacks 54-60 operate on images projected
from the image generator 12 in an alternating fashion to present the projected
images to both observers. For example, in a first time period, the first pair of
stacks may be initially set to an active state to operate on the projected
images to present right and left perspective color images of a scene to the
observer 70. During this first time period, the second pair of stacks is set to
be optically passive to the projected images. In a second time period, the
second pair of stacks is set to the active state to operate on the projected
images to present right and left perspective color images of the same scene
to the observer 72. During this period, the first pair of stacks is set to be
optically passive to the projected images. This cycle is repeated to display
the next scene to both observers in a stereoscopic form.

In a modified operation, different stereoscopic scenes may be
presented to the observers 70 and 72. In this modified operation, the first
and second pairs of stacks 54-60 optically manipulate the projected images in
the same manner as described above. However, the image generator 12
generates and projects images of a particular scene in synchronization with
the operating states of the first and second pairs of stacks. When the first
pair of stacks 54 and 56 is in the active state, the image generator projects
images that correspond to a first scene. These images are diffused by the
stacks 54 and 56 toward the observer 70. When the second pair of stacks 58
and 60 is in the active state, the image generator projects images that corre-
spond to a second scene. The images of the second scene are diffused by
the stacks 58 and 60 toward the observer 72. In this manner, a different
scene can be presented to each of the observers.

Although the system 50 is designed to display images to only
two observers 70 and 72, the system may be modified to accommodate more
than two observers. For each additional observer, the screen 52 may be
modified by further including a pair of reconfigurable HOE stacks. The recon-
figurable HOE stacks of the added pair would be holographically configured
to diffuse projected images toward a pair of new viewing zones o allow the
additional observer to view a stereoscopic display of a scene. The scene
viewed by the additional observer may be the same scene viewed by the
observers 70 and 72 or a completely different scene.
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The number of observers that can be accommodated by the
system 50 is theoretically unlimited. However, there are practical limitations
to the number of observers who can be accommodated by the system. In
particular, since the number of monochromatic images that need to be
sequentially generated and projected increases as the number of accom-
modated observers is increased, the maximum refresh rate of the image
generator 12 limits the number of observers who can be accommodated by
the system. In addition, the maximum switching rate of the reconfigurable
HOEs in the screen 52 also limits the number of observers, since the
switching rate must be synchronized with the refresh rate of the image
generator.

One way to overcome the limitation caused by these rates is to
decrease the number of images that need to generated, projected and dif-
fused by the system 50. The number of required images can be decreased
by generating, projecting and diffusing only the images that are necessary to
present the images to the actual observers who are positioned in the viewing
zones. For example, if the system is designed to accommodate ten potential
observers, the projection screen 52 needs to have ten pairs of reconfigurable
HOE stacks. Ten pairs of stacks equate to twenty viewing zones, two zones
for each observer to view left and right perspective scenes. The number
of images that are required to present an autostereoscopic scene to all the
viewing zones equals sixty monochromatic images. However, if there are
only two observers who are actually viewing the screen through four viewing
zones, the diffused images to the other viewing zones are unnecessary.
Therefore, only the images that will be directed to the four viewing zones
being utilized need to be generated, projected and diffused by the system. In
addition, only the two pairs of reconfigurable HOE stacks that are associated
with the four viewing zones being utilized need to be in the active state. Con-
sequently, the required refresh rate of the image generator 12 and the switch-
ing rate of the reconfigurable HOEs can be maintained below the maximum
rates.

The presence and locations of observers can be determined by
utilizing one or more imaging devices, such as imaging devices 74 and 76.
The imaging devices 74 and 76 may be digital cameras or other conventional
devices that capture image information of observers who are positioned in the
vicinity of the projection screen 52. The image information is processed to
determine the locations of the observers using known image processing
methods. Then, the reconfigurable HOE stacks that can direct projected
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images toward the viewing zones associated with the locations of the
observers are selected to operate on the projected images. Only the images
that will be presented to the observers are generated and projected by the
image generator 12. For example, if only the observer 70 is positioned to
view the screen 52, the imaging devices 74 and/or 76 determine(s) the
location of the observer 70. Since the observer 70 is positioned to view
through the viewing zones 62 and 64, the reconfigurable HOE stacks 54 and
56 are selected to operate on the projected images. The unselected
reconfigurable HOE stacks 58 and 60 are set to the passive state. In
operation, the image generator 12 generates and projects only the images
that will be diffused to the viewing zones 62 and 64 by the reconfigurable
HOE stacks 54 and 56. Although the use of imaging devices is preferred,
other location determining devices may instead be utilized, such as a
radio-frequency radar device.

Turning now to Fig. 4, an autostereoscopic display system 78 in
accordance with a third embodiment of the invention is shown. The same
reference numerals of Figs. 1 and 3 will be used for the same components
illustrated in Fig. 4. The system includes the image generator 12, the projec-
tion optics 14, and a screen 80. The screen contains reconfigurable HOE
stacks 82, 84, 86 and 88. Similar to the previously described reconfigurable
HOEs stacks, each of the stacks 82-88 is composed of three reconfigurable
HOEs that are holographically configured to be wavelength selective to
diffuse monochromatic images of a particular tristimulus color projected from
the image generator 12.

The reconfigurable HOE stacks 82-88 are designed to diffuse
the projected images to viewing zones 90, 92, 94 and 96. The reconfigurable
HOE stack 82 is holographically configured to diffuse the projected images to
the viewing zone 90. Similarly, the reconfigurable HOE stacks 84-88 are
configured to diffuse the projected images to the viewing zone 92-96, respec-
tively. The viewing zones 90-96 allow an observer 98 to stereoscopically
view a scene displayed on the screen 80 by selectively presenting right and
left perspective images of the scene to the eyes of the observer through two
adjacent viewing zones. In Fig. 4, the observer 98 is positioned to view the
stereoscopic scene displayed on the screen through the viewing zones 92
and 94. For a given stereoscopic scene, the right perspective images are
presented to the right eye of the observer by the reconfigurable HOE stack 86
through the viewing zone 94, while the left perspective images are presented
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to the left eye of the observer by the reconfigurable HOE stack 84 through the
viewing zone 92.

In operation, the image generator 12 sequentially generates
and projects two consecutive color sets of monochromatic images to the
screen 80. Each color set of monochromatic images forms a composite
image of a right or left perspective scene that is directed to one of the viewing
zones 90-96. In synchronization with the projecting sequence of the color
sets of images, the reconfigurable HOE stacks 82-88 are sequentially
selected to operate on the projected color sets of images. The observer 98 is
positioned to view the right and left perspective scenes through the viewing
zones 92 and 94, thereby observing a first stereoscopic scene created from
the stereo pair of perspective scenes. However, the observer can experience
parallax by moving to the left or the right. If the observer moves to the right,
the observer will see a second stereoscopic scene of a slightly different
perspective created from the perspective scenes directed to the viewing
zones 94 and 96. On the other hand, if the observer moves to the left, the
observer will see a third stereoscopic scene created from the perspective
scenes directed to the viewing zones 90 and 92.

Although the projection screen 80 is shown to inciude only the
four reconfigurable HOE stacks 82-88, the screen may include additional
reconfigurable HOE stacks, thereby increasing the number of viewing zones.
The increase in the number of viewing zones also increases the viewing field
of the screen. However, the number of viewing zones and the number of
reconfigurable HOE stacks that can be operatively included in the screen are
again limited to the refresh rate of the image generator 12 and the switching
rate of the reconfigurable HOEs in the screen.

One way to resolve this limitation is to include one or more
imaging devices, such as the imaging devices 74 and 76. The imaging
devices 74 and 76 can operate to capture images of the observer 98 to
determine the location of the observer. The observer’s location is then
utilized by the screen 80 to select two reconfigurable HOE stacks in the
screen to actively operate on projected images, so as to present different right
and left perspective scenes to the viewing zones that correspond to the
location of the observer. For example, if the screen 80 includes a significant
number of reconfigurable HOE stacks, only the reconfigurable HOE stacks 84
and 86 of the screen may be selected to present right and left perspective
scenes to the viewing zones 92 and 94.
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The imaging devices 74 and 76 may be further utilized to track
the observer 98, as the observer moves within the viewing field of the screen
80. The tracking of the observer allows the system 78 to adjust to the move-
ment of the observer, so that the moving observer can consistently view the
image displayed on the screen. In the previously example, if the observer 98
moves to the right, the imaging devices 74 and 76 will track the movement of
the observer. Before the observer moves into the position to view the screen
through the viewing zones 94 and 96, the reconfigurable HOE stack 88 is
selected to diffuse projected images to the viewing zone 96. In addition, the
image generator 12 generates and projects images that are to be directed to
the viewing zone 96. Thus, as the observer moves to the viewing zones 94
and 96, the system adjusts to the movement of the observer by presenting
images to the viewing zones 94 and 96. The generation and diffusion of the
images associated with the viewing zone 92 can be terminated when the
observer has moved sufficiently to view through only the viewing zones 94
and 96.

The locating-and-tracking feature of the system 78 can be
expanded to accommodate more than one observer. For example, if two
observers are present, the system can present images to four viewing zones,
two for each observer. As the observers move about, the imaging devices 74
and 76 track their movements. The tracking information is then utilized by the
image generator 12 and the projection screen 80 to selectively generate,
project and diffuse images to appropriate viewing zones in response to the
observers’ movement. Although two viewing zones per observer may be
sufficient, the number of active viewing zones per observer may be increased
to ensure that the observers will consistently view left and right perspective
scenes. For example, four viewing zones may be operating for a given
observer.

A method of autostereoscopically displaying a scene on a
projection screen in accordance with the invention will be described with
reference to Fig. 5. At step 100, a first perspective image of a scene is
received by the screen. As an example, the first perspective image may be a
left perspective image. At step 102, one of the reconfigurable HOEs of the
screen is selectively enabled to the diffractive state. The order of steps 100
and 102 is not critical to the invention. The other reconfigurable HOEs of the
screen are switched to the passive state. At step 104, the first perspective
image is diffused by the enabled reconfigurable HOE to a first viewing zone.
Steps 100-104 are then essentially repeated. At step 106, a second perspec-
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tive image of the scene is received by the screen. If the first perspective
image was a left perspective image, the second perspective image will be a
right perspective image of the scene. At step 108, a different reconfigurable
HOE of the screen is selectively enabled to a diffractive state. The other
reconfigurable HOEs of the screen are again switched to the passive state.
Similar to steps 100 and 102, the order of steps 106 and 108 is not critical to
the invention. At step 110, the second perspective image is diffused by the
enabled reconfigurable HOE to a second viewing zone. The first and second
perspective images allow a stereoscopic view of the scene to be observed
when the screen is viewed through the first and second viewing zones. The
perspective images received and diffused by the screen are monochromatic
images. In order to display a color scene, three perspective images that
correspond to the three tristimulus colors are sequentially received and
diffused by the screen to the first and second viewing zones.
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WHAT IS CLAIMED IS:

1. An autostereoscopic display system comprising:

image-generating means for projecting left and right perspective
images of a scene in a predetermined direction; and

display means positioned relative to said image-generating
means to receive said left and right perspective images for selectively
diffusing said left and right perspective images to first and second viewing
regions, said display means including first and second reconfigurable
holographic optical elements, each of said first and second reconfigurable
holographic optical elements having a diffusing characteristic that is
responsive to an applied electrical field, said display means having a surface
to display said scene in a stereoscopic form when viewed through said first
and second viewing regions.

2. The system of claim 1 wherein said first and second reconfigurable
holographic optical elements are holographically configured to optically
manipulate monochromatic light such that said scene is monochromatically
displayed on said display means.

3. The system of claim 2 wherein said first reconfigurable holographic optical
element is one member of a first set of three reconfigurable holographic
optical elements and wherein said second reconfigurable holographic optical
element is one member of a second set of three reconfigurable holographic
optical elements, each of said reconfigurable holographic optical elements
being holographically configured to optically manipulate one of tristimulus
color lights when in said diffractive state to display a color scene on said
display means.

4. The system of claim 1 further comprising a voltage controller electrically
coupled to said first and second reconfigurable holographic optical elements
to selectively provide voltage to said reconfigurable holographic optical
elements, said voltage provided by said voltage controller being sufficient to
generate said applied electrical field.
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5. The system of claim 1 wherein said display means further includes third
and fourth reconfigurable holographic optical elements, said third reconfigur-
able holographic optical element having a diffusing characteristic to diffuse
said left perspective image to a third viewing region when in a diffractive
state, said fourth reconfigurable holographic optical element having a
diffusing characteristic to diffuse said right perspective image to a fourth
viewing region when in said diffractive state.

6. The system of claim 5 wherein said image-generating means is configured
to project images of a first scene only when said first and second
reconfigurable holographic optical elements of said display means are in an
active mode and to project images of a second scene only when said third
and fourth reconfigurable holographic optical elements are in said active
mode.

7. The system of claim 5 further comprising a detecting means for deter-
mining a position of an observer within a predefined vicinity of said display
means, said detecting means being operatively associated with said display
means such that at least two of said reconfigurable holographic optical
elements are selectively set to said active mode in response to determination
of said position.

8. The system of claim 7 wherein said detecting means is an imaging device
that captures an image of said observer to determine said position of said
observer.

9. The system of claim 8 wherein said imaging device is configured to
capture a plurality of images of said observer, said plurality of images being
used to track changes in said position of said observer, said changes in said
position being utilized by said display means to selectively switch at least two
of said reconfigurable holographic optical elements to said active mode in
anticipation of continued changes in said position of said observer.
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10. A method of autostereoscopically displaying scenes on a projection
screen comprising steps of:
' receiving left and right perspective images of a first scene by
said projection screen; and

selectively diffusing said left and right perspective images to
first and second viewing regions, including transmitting said left and right
perspective images through first and second reconfigurable holographic
optical elements, each of said first and second reconfigurable holographic
optical elements having a diffusing characteristic that is controllable by an
applied electrical field, said left and right perspective images providing a
stereoscopic view of said first scene when said projection screen is viewed
through said first and second viewing regions.

11. The method of claim 10 further comprising steps of:

receiving left and right perspective images of a second scene by
said projection screen; and

selectively diffusing said left and right perspective images of
said second scene to third and fourth viewing regions, including transmitting
said images of said second scene through third and fourth reconfigurable
holographic optical elements, each of said third and fourth reconfigurable
holographic optical elements having a diffusing characteristic that is con-
trollable by an applied electrical field, said left and right perspective images
of said second scene providing a stereoscopic view of said second scene
when said projection screen is viewed through said third and fourth viewing
regions. ’

12. The method of claim 10 further comprising a step of selectively diffusing
said left and right images of said first scene to third and fourth viewing
regions, including transmitting said images of said first scene through third
and fourth reconfigurable holographic optical elements, each of said third
and fourth reconfigurable holographic optical elements having a diffusing
characteristic that is controllable by an applied electrical field, said first scene
being able to be viewed in a stereoscopic form when viewed through any two
adjacent viewing regions.
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13. The method of claim 10 further comprising step of:

providing a plurality of reconfigurable holographic optical
elements which are dedicated to an array of different viewing regions, said
plurality including said first and second reconfigurable holographic optical
elements;

determining a position of an observer; and

enabling only said first and second reconfigurable holographic
optical elements from said plurality of reconfigurable holographic optical
elements to a diffractive state in response to determination of said position of
said observer, thereby diffusing said left and right perspective images of said
first scene to said first and second viewing regions, wherein said position of
said observer is generally aligned with said first and second viewing regions
such that said observer is able to view said projection screen through said
first and second viewing regions.

14. The method of claim 13 wherein said step of determining said position of
said observer includes capturing an image of said observer to calculate said
position of said observer.

15. The method of claim 13 wherein said step of determining said position of
said observer includes tracking movement of said observer by capturing a
sequence of images of said observer during said movement to anticipate a
future position of said observer.
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16. An autostereoscopic display system comprising:

image-generating means for projecting different perspective
images in a predetermined direction; and

a display screen optically coupled to said image-generating
means to receive said images projected from said image-generating means,
said display screen including a plurality of reconfigurable holographic optical
elements to selectively diffuse said images to a plurality of viewing regions,
each of said reconfigurable holographic optical elements having a controllable
diffusing characteristic that is responsive to an applied electrical field to
selectively diffuse said images to a corresponding viewing region such that a
stereoscopic image formed by two of said images can be observed when said
display screen is viewed through a pair of said viewing regions.

17. The system of claim 16 wherein each of said reconfigurable holographic
optical elements is holographically configured to diffuse said images of a
particular tristimulus color.

18. The system of claim 16 further comprising a detecting means operatively
coupled to said plurality of said reconfigurable holographic optical elements
for determining a relative position of an observer with respect to said viewing
regions.

19. The system of claim 18 further comprising a supplying means for
providing voltage to at least two selected reconfigurable holographic optical
elements to generate said applied electrical field, said supplying means being
operatively associated with said detecting means to provide said voltage to
said selected reconfigurable holographic optical elements in response to
determination of said relative position of said observer.
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20. The system of claim 16 wherein said plurality of said reconfigurable
holographic optical elements includes first and second pairs of said recon-
figurable holographic optical elements, said first pair of said reconfigurable
holographic optical elements being holographically configured to diffuse at
least two of said images to a first stereo pair of adjacent viewing regions to
display a first stereoscopic scene on said display screen when viewed
through said first stereo pair of said adjacent viewing regions, said second
pair of said reconfigurable holographic optical elements being holographically
configured to diffuse at least two of said images to a second stereo pair of
adjacent viewing regions to display a second stereoscopic scene on said
display screen when viewed through said second stereo pair of said adjacent
viewing regions.
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AMENDED CLAIMS
[received by the International Bureau on 21 December 1999 (21.12.99);
original claims 1, 10 and 16 amended; remaining claims unchanged (3 pages)]

1. An autostereoscopic display system comprising:

image-generating means for projecting left and right perspective
images of a scene in a predetermined direction; and

display means positioned relative to said image-generating
means to receive said left and right perspective images for selectively
diffusing said left and right perspective images to first and second viewing
regions, said display means including first and second reconfigurable
holographic optical elements that are serially positioned in said predetermined
direction, each of said first and second reconfigurable holographic optical
elements having a diffusing characteristic that is responsive to an applied
electrical field, said display means having a surface to display said scene ina
stereoscopic form when viewed through said first and second viewing regions.

2. The system of claim 1 wherein said first and second reconfigurable
holographic optical elements are holographically configured to optically
manipulate monochromatic light such that said scene is monochromatically
displayed on said display means.

3. The system of claim 2 wherein said first reconfigurable holographic optical
element is one member of a first set of three reconfigurable holographic
optical elements and wherein said second reconfigurable holographic optical
element is one member of a second set of three reconfigurable holographic
optical elements, each of said reconfigurable holographic optical elements
being holographically configured to optically manipulate one of tristimulus
color lights when in said diffractive state to display a color scene on said

display means.

4. The system of claim 1 further comprising a voltage controller electrically
coupled to said first and second reconfigurable holographic optical elements
to selectively provide voltage to said reconfigurable holographic optical
elements, said voltage provided by said voltage controller being sufficient to
generate said applied electrical field.

AMENDED SHEET (ARTICLE 19)
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-10. A method of autostereoscopically displaying scenes on a projection

screen comprising steps of:

receiving left and right perspective images of a first scene by
said projection screen; and

selectively diffusing said left and right perspective images to
first and second viewing regions, including serially transmitting said left and
right perspective images through first and second reconfigurable holographic
optical elements, each of said first and second reconfigurable holographic
optical elements having a diffusing characteristic that is controllable by an
applied electrical field, said left and right perspective images providing a
stereoscopic view of said first scene when said projection screen is viewed
through said first and second viewing regions.

11. The method of claim 10 further comprising steps of:

receiving left and right perspective images of a second scene by
said projection screen; and

selectively diffusing said left and right perspective images of
said second scene to third and fourth viewing regions, including transmitting
said images of said second scene through third and fourth reconfigurable
holographic optical elements, each of said third and fourth reconfigurable
holographic optical elements having a diffusing characteristic that is con-
trollable by an applied electrical field, said left and right perspective images
of said second scene providing a stereoscopic view of said second scene
when said projection screen is viewed through said third and fourth viewing
regions.

12. The method of claim 10 further comprising a step of selectively diffusing
said left and right images of said first scene to third and fourth viewing
regions, including transmitting said images of said first scene through third
and fourth reconfigurable holographic optical elements, each of said third
and fourth reconfigurable holographic optical elements having a diffusing
characteristic that is controllable by an applied electrical field, said first scene
being able to be viewed in a stereoscopic form when viewed through any two
adjacent viewing regions.

AMENDED SHEET (ARTICLE 19)
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16. An autostereoscopic display system comprising:

image-generating means for projecting different perspective
images in a predetermined direction; and

a display screen optically coupled to said image-generating

‘means to receive said images projected from said image-generating means,

said display screen including a plurality of reconfigurable holographic optical
elements to selectively diffuse said images to a plurality of viewing regions,
said reconfigurable holographic elements being stacked in said predeter-
mined direction such that said images are serially transmitted through said
reconfigurable holographic optical elements, each of said reconfigurable
holographic optical elements having a controllable diffusing characteristic that
is responsive to an applied electrical field to selectively diffuse said images to
a corresponding viewing region such that a stereoscopic image formed by two
of said images can be observed when said display screen is viewed through a
pair of said viewing regions.

17. The system of claim 16 wherein each of said reconfigurable holographic
optical elements is holographically configured to diffuse said images of a
particular tristimulus color.

18. The system of claim 16 further comprising a detecting means operatively
coupled to said plurality of said reconfigurable holographic optical elements
for determining a relative position of an observer with respect to said viewing
regions.

19. The system of claim 18 further comprising a supplying means for
providing voitage to at least two selected reconfigurable holographic optical
elements to generate said applied electrical field, said supplying means being
operatively associated with said detecting means to provide said voltage to
said selected reconfigurable holographic optical elements in response to
determination of said relative position of said observer.

AMENDED SHEET (ARTICLE 19)
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Statement under Article 19(1)

PCT/US99/15584

In response to the International Search Report, claims 1, 10 and 16
have been replaced by amended claims bearing the same numbers to more clearly
point out the claimed invention. Claims 2-9, 11-15 and 17-19 are unchanged.
Amended independent system claim 1 describes a display means that selectively
diffuses left and right perspective images to first and second viewing regions for
stereoscopic display. The display means includes a first holographic optical element
and a second holographic optical element that are serially positioned in the direction
of the projected left and right perspective images. Similarly, amended independent
system claim 16 describes a display screen that includes a plurality of reconfigurable
holographic optical elements that are stacked in the direction of the projected
images such that the images are serially transmitted through the reconfigurable
holographic optical elements. Each of the stacked holographic optical elements has
a controllable diffusing characteristic to selectively diffuse projected images to a
corresponding viewing region, such that a stereoscopic image can be observed
when the display screen is viewed through a pair of viewing regions. Amended
independent method claim 10 describes a step of selectively diffusing left and right
perspective images, during which the images are serially transmitted through first
and second holographic optical elements for stereoscopic display.

The cited prior art does not teach a system comprising a display that
includes at least two holographic optical elements that are serially positioned, or
stacked, in the direction of the projected images or a method comprising a step of
serially transmitting the projected image through a first holographic optical element
and a second holographic optical element. Parker ‘402 describes an electrically
addressable wavefront-modulation device that includes a thin film of transparent
conductive material. The thin film is finely patterned as a hologram. Taketomic et
al. ‘853 describes a liquid crystal display device that displays three-dimensional
images. The device of Taketomic et al. includes a light-modulating layer that
contains a number of picture elements that are arranged in a co-planar fashion, such
that incident light can propagate through a single picture element. The picture
elements are made of polymer-dispersed liquid crystals. Depp et al. ‘698 describes
a display having an electrically variable diffuser. The diffuser is situated between a
light source and a liquid crystal cell layer. In one embodiment, the diffuser includes
a single electrically switchable hologram, which is also made of polymer-dispersed
liquid crystals. Thus, the holographic optical element of Parker is structurally
different from the holographic optical elements of Taketomic et al. and Depp et al.
Therefore, it is not obvious to combine the teachings of Parker with the teachings of
Taketomic et al. and/or Depp et al. to derive the claimed invention.
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