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WIDE FIELD OF VIEW HYBRID HOLOGRAPHIC DISPLAY

RELATED APPLICATION

This application claims the benefit of priority of U.S. Provisional Patent
Application No. 62/298,070 filed on February 22, 2016, and of U.S. Provisional Patent
Application No. 62/410,494 filed on October 20, 2016, the contents of which are

incorporated by reference as if fully set forth herein in their entirety.

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to a holographic
display with a wide field of view, and, more particularly, but not exclusively, to a
display displaying a holographic image at a center of a field of view, surrounded by a
second, different image surrounding the holographic image further away from the center
of the field of view.

The disclosures of all references mentioned above and throughout the present
specification, as well as the disclosures of all references mentioned in those references,

are hereby incorporated herein by reference.

SUMMARY OF THE INVENTION

An aspect of some embodiments of the invention involves displaying a first
holographic image near a center of a field of view, and a second, different image
adjacent to the first holographic image.

In some embodiments the second image surrounds the first holographic image.

In some embodiments an augmented reality display is used for the displaying of
the first holographic image near the center of a field of view and the second image
adjacent to the first holographic image.

In some embodiments a virtual reality display is used for the displaying of the
first holographic image near the center of a field of view and the second image adjacent
to the first holographic image.

In some embodiments an augmented reality display is used for the displaying

which additionally lets in a view of the real world in at least part of the field of view.
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According to an aspect of some embodiments of the present invention there is

provided a display for displaying a wide Field of View (FoV) scene including a
holographic image within the scene, including a first Spatial Light Modulator (SLM) and
an optical system for producing a first holographic image at a center of a displayed
scene, and a second image display for producing at least a first additional image adjacent
to the first holographic image.

According to some embodiments of the invention, the optical system 1is
configured to display the first holographic image spanning a Field of View (FoV) of a
human fovea.

According to some embodiments of the invention, the optical system 1is
configured to display the first holographic image spanning an angle in a range of 5-35
degrees.

According to some embodiments of the invention, further including a viewer
pupil tracking component for tracking the viewer’s pupil and wherein the viewer pupil
tracking component provides data for controlling the first Spatial Light Modulator
(SLM) and the optical system for displaying the first holographic image to the viewer’s
pupil.

According to some embodiments of the invention, the second image display
includes a lower spatial resolution display than the first SLM. According to some
embodiments of the invention, the second image display is configured to display a lower
spatial resolution image than the first SLM. According to some embodiments of the
invention, the second image display includes a display for producing a stereoscopic
image. According to some embodiments of the invention, the second image display
includes an SLM for producing a holographic image.

According to some embodiments of the invention, the optical system for
producing the first holographic image and the second image display for producing the
first additional image are configured to display the first holographic image and the first
additional image spanning an angle in a range of 60-110 degrees.

According to some embodiments of the invention, further including a third image
display for producing at least a second additional image. According to some

embodiments of the invention, the third image display for producing the second
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additional image produces the second additional image adjacent to the first additional

image.

According to some embodiments of the invention, the optical system for
producing the first holographic image and the second image display and the third image
display are configured to display the first holographic image and the first additional
image and the second additional image spanning an angle in a range of 60-110 degrees.

According to some embodiments of the invention, the third image display
includes a display for producing a stereoscopic image.

According to some embodiments of the invention, the first SLM and the optical
system for producing the first holographic image includes two SLMs and two optical
systems, for producing two first holographic images, one for each one of a viewer’s two
eyes, and the second image display for producing the at least a first additional image
adjacent to the first holographic image includes two second image displays for
producing at least two first additional images each one adjacent to each one of the first
holographic images.

According to some embodiments of the invention, the two SLMs, the two optical
systems, and the two image displays are configured to display the first holographic
image and the first additional image to the viewer’s two eyes spanning an angle in a
range of 90-200 degrees.

According to some embodiments of the invention, the display described above
are included in a Head Mounted Display (HMD).

According to an aspect of some embodiments of the present invention there is
provided a display for displaying a wide Field of View (FoV) scene including a
holographic image within the scene, including a first Spatial Light Modulator (SLM) and
an optical system for producing a first holographic image, and a second image display
for producing at least a first additional image adjacent to the first holographic image.

According to an aspect of some embodiments of the present invention there is
provided a method for displaying a wide Field of View (FoV) scene including a
holographic image within the scene, including displaying a first holographic image at a
center of a displayed scene, and displaying a first additional image as part of the

displayed scene and adjacent to the first holographic image.
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According to some embodiments of the invention, the displaying the first

holographic image includes using a first Spatial Light Modulator (SLM) and an optical
system for producing the first holographic image.

According to some embodiments of the invention, the displaying the first
holographic image includes displaying the first holographic image to span a Field of
View (FoV) of a human fovea.

According to some embodiments of the invention, the displaying the first
holographic image includes displaying the first holographic image to span an angle in a
range of 5-35 degrees.

According to some embodiments of the invention, further including tracking a
viewer’s pupil, and controlling the displaying the first holographic image to display the
first holographic image to the viewer’s pupil.

According to some embodiments of the invention, the first additional image
includes a lower spatial resolution display than the first holographic image. According to
some embodiments of the invention, the first additional image includes a stereoscopic
image. According to some embodiments of the invention, the first additional image
includes a holographic image.

According to some embodiments of the invention, further including displaying a
second additional image. According to some embodiments of the invention, the second
additional image is displayed adjacent to the first additional image. According to some
embodiments of the invention, the second additional image includes a stereoscopic
image.

According to some embodiments of the invention, the displaying the first
holographic image and the first additional image is performed by a Head Mounted
Display (HMD).

According to some embodiments of the invention, the displaying a first
holographic image at a center of a displayed scene includes displaying two first
holographic images each one at a center of a displayed scene to each one of two eyes,
and the displaying a first additional image adjacent to the first holographic image
includes displaying two first additional images, each one adjacent to each one of the first

holographic images.
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According to an aspect of some embodiments of the present invention there is

provided a method for displaying a wide Field of View (FoV) scene including a
holographic image within the scene, including setting pixel values in a Spatial Light
Modulator (SLM) for producing a Computer Generated Hologram (CGH), illuminating
the SLM with coherent light, thereby producing a first holographic image, setting pixel
values in a first additional image display for producing a second, additional image, and
illuminating the first additional image display, thereby producing a second additional
image, wherein the first holographic image is displayed at a center of a scene, and the
second additional image is displayed as part of the scene and adjacent to the first
holographic image.

According to some embodiments of the invention, further including tracking a
viewer’s pupil, and controlling the displaying the first holographic image to display the
first holographic image to the viewer’s pupil.

According to some embodiments of the invention, the second additional image
includes a lower spatial resolution display than the first holographic image.

According to some embodiments of the invention, the second additional image
includes a stereoscopic image.

According to some embodiments of the invention, the first additional image
display includes a SLM and the first additional image includes a holographic image.

According to some embodiments of the invention, further including a second
additional image display and using the second additional image display for displaying a
third additional image adjacent to the second additional image.

According to some embodiments of the invention, the displaying the first
holographic image and the second additional image is performed by a Head Mounted
Display (HMD).

According to some embodiments of the invention, the displaying the first
holographic image at the center of a scene includes displaying two first holographic
images each one at a center of a displayed scene to each one of two eyes, and the
displaying the second additional image adjacent to the first holographic image includes
displaying two first additional images, each one adjacent to each one of the first

holographic images.
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According to an aspect of some embodiments of the present invention there is

provided a method for displaying a wide Field of View (FoV) scene including an
interference based holographic image within the scene, including setting pixel values in
a Spatial Light Modulator (SLM) for producing a Computer Generated Hologram
(CGH), illuminating the SLM with coherent light, thereby producing a first interference
based holographic image, setting pixel values in a first additional image display for
producing a first additional image, illuminating the first additional image display,
thereby producing a first additional image, and allowing a real view of a real world to be
viewable through and around the first holographic image and the first additional image,
wherein the first holographic image is projected toward a viewer’s fovea, the first
additional image is displayed as part of the scene and adjacent to the first holographic
image, and the real view of a real world is also viewable as part of the scene.

According to some embodiments of the invention, further including tracking a
viewer’s pupil, and controlling the displaying the first holographic image to display the
first holographic image to the viewer’s pupil.

According to some embodiments of the invention, the first additional image
includes a lower spatial resolution display than the first holographic image. According to
some embodiments of the invention, the first additional image includes a stereoscopic
image. According to some embodiments of the invention, the first additional image
includes a 2D image. According to some embodiments of the invention, the first
additional image includes an interference based holographic image.

According to some embodiments of the invention, the displaying the first
holographic image and the first additional image is performed by a Head Mounted
Display (HMD).

According to some embodiments of the invention, further including a second
additional image display and using the second additional image display for displaying a
second additional image adjacent to the first additional image.

According to some embodiments of the invention, the displaying the first
holographic image includes displaying two first holographic images each one to each
one of two eyes, and the displaying the second additional image adjacent to the first
holographic image includes displaying two first additional images, each one adjacent to

each one of the first holographic images.
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According to an aspect of some embodiments of the present invention there is

provided a hybrid display for displaying a wide Field of View (FoV) scene including an
interference based holographic image within the scene, including a head mounted
display (HMD) including a first Spatial Light Modulator (SLM) for producing a first
interference based holographic image, an optical system for imaging the first
holographic image on a controllable tilting mirror, and re-imaging the first holographic
image toward a viewer’s fovea, a second image display for producing at least a first
additional real-time computer generated image, located adjacent to the controllable
tilting mirror, arranged to display the first additional image adjacent to the first
holographic image, and wherein the optical system is arranged to allow the viewer a real
view of a real world through the optical system, thereby combining a view of the first
holographic image, the first additional image and the real world.

According to some embodiments of the invention, further including a focusing
component for focusing light from the SLM onto a Fourier plane, and wherein the
second image display is located at the Fourier plane.

According to some embodiments of the invention, the optical system 1is
configured to display the first holographic image spanning a Field of View (FoV) of a
human fovea.

According to some embodiments of the invention, further including a viewer
pupil tracking component for tracking the viewer’s pupil and wherein the viewer pupil
tracking component provides data for controlling the first Spatial Light Modulator
(SLM) and the optical system for displaying the first holographic image to the viewer’s
pupil.

According to some embodiments of the invention, the second image display
includes a lower spatial resolution display than the first SLM. According to some
embodiments of the invention, the second image display includes a display for
producing a stereoscopic image. According to some embodiments of the invention, the
second image display includes an SLM for producing a holographic image.

According to some embodiments of the invention, the optical system for
producing the first holographic image and the second image display for producing the
first additional image are configured to display the first holographic image and the first

additional image spanning together a total angle in a range of 60-110 degrees.
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According to some embodiments of the invention, further including a third image

display for producing at least a second additional image.

According to some embodiments of the invention, the optical system for
producing the first holographic image and the second image display and the third image
display are configured to display the first holographic image and the first additional
image and the second additional image spanning together a total angle in a range of 60-
110 degrees.

According to some embodiments of the invention, the first SLM and the optical
system for producing the first holographic image includes two SLMs and two optical
systems, for producing two first holographic images, one for each one of a viewer’s two
eyes, and the second image display for producing the at least a first additional image
adjacent to the first holographic image includes two second image displays for
producing at least two first additional images each one adjacent to each one of the first
holographic images.

According to some embodiments of the invention, the two SLMs, the two optical
systems, and the two image displays are configured to display the first holographic
image and the first additional image to the viewer’s two eyes spanning an angle in a
range of 90-200 degrees.

According to some embodiments of the invention, included in a Head Mounted
Display (HMD).

According to an aspect of some embodiments of the present invention there is
provided a display for displaying a wide Field of View (FoV) scene including a
holographic image within the scene, including a first Spatial Light Modulator (SLM) and
an optical system for producing a first holographic image at a center of a displayed
scene, and an image display for producing at least a first additional image adjacent to the
first holographic image.

According to some embodiments of the invention, the image display for
producing at least a first additional image adjacent to the first holographic image is the
first SLM, configured for also producing a second interference based holographic image

adjacent to the first holographic image.
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According to some embodiments of the invention, the optical system 1is

configured to display the first holographic image spanning a Field of View (FoV) of a
human fovea.

According to some embodiments of the invention, the optical system 1is
configured to display the first holographic image spanning an angle in a range of 5-35
degrees.

According to some embodiments of the invention, further including a viewer
pupil tracking component for tracking the viewer’s pupil and wherein the viewer pupil
tracking component provides data for controlling the first Spatial Light Modulator
(SLM) and the optical system for displaying the first holographic image to the viewer’s
pupil.

According to some embodiments of the invention, further including a second
image display for producing the first additional image adjacent to the first holographic
image, in which the second image display includes a display for producing a
stereoscopic image.

According to some embodiments of the invention, the second image display
includes an SLM for producing an interference based holographic image.

According to some embodiments of the invention, the optical system for
producing the first holographic image and the image display for producing the first
additional image are configured to display the first holographic image and the first
additional image spanning an angle in a range of 60-110 degrees.

According to some embodiments of the invention, the first SLM and the optical
system for producing the first holographic image includes two SLMs and two optical
systems, for producing two first holographic images, one for each one of a viewer’s two
eyes, and the image display for producing the at least a first additional image adjacent to
the first holographic image includes two image displays for producing at least two first
additional images each one adjacent to each one of the first holographic images.

According to some embodiments of the invention, the two SLMs, the two optical
systems, and the two image displays are configured to display the first holographic
image and the first additional image to the viewer’s two eyes spanning an angle in a

range of 90-200 degrees.
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According to some embodiments of the invention, the display is included in a

Head Mounted Display (HMD).

According to some embodiments of the invention, further including the optical
system enabling a real view of a real world through the optical system, thereby
combining a view of the first holographic image, the first additional image and the real
world.

According to an aspect of some embodiments of the present invention there is
provided a display for displaying a wide Field of View (FoV) scene including an
interference based holographic image within the scene, including a first Spatial Light
Modulator (SLM) and an optical system for producing a first interference based
holographic image, and a second image display for producing at least a first additional
image adjacent to the first holographic image.

According to an aspect of some embodiments of the present invention there is
provided a method for displaying a wide Field of View (FoV) scene including an
interference based holographic image within the scene, including displaying a first
interference based holographic image, and displaying a first additional image as part of
the displayed scene and adjacent to the first holographic image.

According to some embodiments of the invention, a display for displaying the
first additional image is located next to a location of the first holographic image.

According to some embodiments of the invention, the displaying the first
holographic image includes displaying the first holographic image at a center of a
displayed scene.

According to some embodiments of the invention, the displaying the first
holographic image includes using a first Spatial Light Modulator (SLM) and an optical
system for producing the first holographic image.

According to some embodiments of the invention, the displaying the first
holographic image includes displaying the first holographic image to a viewer’s span a
Field of View (FoV) of a human fovea.

According to some embodiments of the invention, the displaying the first
holographic image includes displaying the first holographic image to span an angle in a

range of 5-35 degrees.
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According to some embodiments of the invention, the displaying the first

additional image includes displaying the first additional image to a viewer’s retina
outside a fovea of an eye of the viewer.

According to some embodiments of the invention, further including displaying a
second additional image. According to some embodiments of the invention, the second
additional image is displayed adjacent to the first additional image.

According to some embodiments of the invention, further including enabling a
real view of a real world to be viewable through and around the first holographic image
and the first additional image, wherein the first holographic image is displayed at a
center of a scene, the second additional image is displayed as part of the scene and
adjacent to the first holographic image, and the real view of a real world is also viewable
as part of the scene.

According to some embodiments of the invention, the second additional image
includes a stereoscopic image.

According to an aspect of some embodiments of the present invention there is
provided a method for displaying a wide Field of View (FoV) scene including a
holographic image within the scene, including setting pixel values in a Spatial Light
Modulator (SLM) for producing a Computer Generated Hologram (CGH), illuminating
the SLM with coherent light, thereby producing a first interference based holographic
image, setting pixel values in a first additional image display for producing a second
image, and illuminating the first additional image display, thereby producing a second
additional image, wherein the first holographic image is displayed at a center of a scene,
and the second additional image is displayed as part of the scene and adjacent to the first
holographic image.

According to some embodiments of the invention, further including tracking a
viewer’s pupil, and controlling the displaying the first holographic image to display the
first holographic image to the viewer’s pupil.

According to some embodiments of the invention, further including allowing a
real view of a real world to be viewable around the first holographic image and the
second, additional image, wherein the first holographic image is displayed at a center of

a scene, the second additional image is displayed as part of the scene and adjacent to the
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first holographic image, and the real view of a real world is also viewable as part of the

scene.

According to some embodiments of the invention, the allowing the real view of a
real world to be viewable around the first holographic image and the second, additional
image includes allowing the real view of a real world to be viewable through and around
the first holographic image and the second, additional image.

Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be necessarily limiting.

Implementation of the method and/or system of embodiments of the invention
can involve performing or completing selected tasks manually, automatically, or a
combination thereof. Moreover, according to actual instrumentation and equipment of
embodiments of the method and/or system of the invention, several selected tasks could
be implemented by hardware, by software or by firmware or by a combination thereof
using an operating system.

For example, hardware for performing selected tasks according to embodiments
of the invention could be implemented as a chip or a circuit. As software, selected tasks
according to embodiments of the invention could be implemented as a plurality of
software instructions being executed by a computer using any suitable operating system.
In an exemplary embodiment of the invention, one or more tasks according to exemplary
embodiments of method and/or system as described herein are performed by a data
processor, such as a computing platform for executing a plurality of instructions.
Optionally, the data processor includes a volatile memory for storing instructions and/or
data and/or a non-volatile storage, for example, a magnetic hard-disk and/or removable
media, for storing instructions and/or data. Optionally, a network connection is provided
as well. A display and/or a user input device such as a keyboard or mouse are optionally

provided as well.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example
only, with reference to the accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are by way of example and for
purposes of illustrative discussion of embodiments of the invention. In this regard, the
description taken with the drawings makes apparent to those skilled in the art how
embodiments of the invention may be practiced.

In the drawings:

FIGURE 1A is a simplified illustration of a various portions of a Field of View
(FoV) of an eye relative to a center of the FoV, according to an example embodiment of
the invention;

FIGURE 1B is a simplified illustration of two eyes viewing a display, and
various portions of their FoV relative to centers of their FoV, according to an example
embodiment of the invention;

FIGURE 1C is a simplified illustration of two eyes viewing a display, and
various portions of their FoV according to an example embodiment of the invention;

FIGURE 2A is a simplified example of a display system for displaying a scene
combining a central portion of the scene near a center of a FoV displayed as a
holographic image from a holographic image display, surrounded by an additional
portion of the scene displayed as an additional image from an additional display,
according to an example embodiment of the invention;

FIGURES 2B-2F are simplified line drawing illustrations of producing a scene
according to an example embodiment of the invention;

FIGURE 3A is a simplified illustration of portions of Fields of View of a
viewer’s left eye, according to an example embodiment of the invention;

FIGURE 3B is a simplified illustration of portions of Fields of View of a
viewer’s combined left and right eye vision, according to an example embodiment of the
invention;

FIGURE 3C is a simplified illustration of portions of a Field of View of a

viewer’s left eye, according to an example embodiment of the invention;
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FIGURE 4 is a simplified line drawing illustration of illumination fields or

regions for the SLM of Figure 2A and the image display of Figure 2A, according to an
example embodiment of the invention;

FIGURE 5 is a simplified example of a display system for displaying a scene
combining a central portion of the scene near a center of a FoV displayed as a
holographic image from a holographic image display, surrounded by an additional
portion of the scene displayed as an additional image from an additional display,
according to an example embodiment of the invention;

FIGURE 6 is a simplified flow chart illustration of a method for displaying a
wide Field of View (FoV) scene including a holographic image within the scene; and

FIGURE 7 is a simplified flow chart illustration of a method for displaying a
wide Field of View (FoV) scene including an interference based holographic image

within the scene, according to an example embodiment of the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to a holographic
display with a wide field of view, and, more particularly, but not exclusively, to a
display displaying a first holographic image at a center of a field of view, adjacent to a
second, different image further away from the center of the field of view.

In some embodiments the second image surrounds the first holographic image.

In some embodiments an augmented reality display is used for the displaying of
the first holographic image near the center of a field of view, and the second image
adjacent to the first holographic image.

In some embodiments a virtual reality display is used for the displaying of the
first holographic image near the center of a field of view, and the second image adjacent
to the first holographic image.

The term “holographic image” in the present specification and claims is used to
mean an interference based holographic image, that is, an interference based holographic
image produced by light interacting with a fringe pattern.

The term “adjacent”, when used in the present specification and claims with

reference to an image being adjacent to another image, means “nearby visually”. The
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term can mean adjacent and touching or adjacent but not touching. The term can mean

adjacent in any one of the three directions — azimuth, elevation or distance/depth.

Overview

Three dimensional (3D) display is an emerging technology, as is 3D Head
Mounted Display (HMD). Current 3D HMDs are based on stereoscopic 3D display.
However, in stereoscopic 3D displays a scene is actually at focus at one specific
distance, and fools the eye into perceiving distance based on eye convergence. Such
displays do not provide an eye with an eye focus accommodation depth cue, resulting in
a confusing appearance of a 3D object, resulting in what known in the literature as
vergence-accommodation conflict that reduces the viewing and interaction user
experience that can sometimes result with nausea or headache for the user.

A holographic display is an optically true display which presents light with light
wave phase and intensity information the same as light coming off a real object/scene,
for example including all the natural depth cues which are provided by real objects in the
real world, such as, by way of a non-limiting example, eye focus accommodation and
eye convergence potentially eliminating the vergence-accommodation conflict.

Due to a large pixel size of a Spatial Light Modulator (SLM) relative to optical
wavelengths, a Field of View (FoV) of a Computer Generated Holographic (CGH)
image produced by a SLM is relatively narrow. In some embodiments a wide FoV is
achieved by displaying a central holographic image adjacent to, and/or peripheral to,
and/or surrounded by one or more additional images, producing a scene with a wider
FoV than just the central holographic image, potentially providing a benefit of a wide
FoV display.

Some embodiments of the present invention take advantage of the eye focus
accommodation cue being mostly relevant at the center of the FoV, up to approximately
10 degrees from the FoV center, which is also where a human viewer’s fovea lies. Away
from the center of the human FoV stereoscopic display, some embodiments take
advantage of the human vision poor ability to use eye focus accommodation.
Apparently, outside the human fovea, spatial resolution is poorer, depth resolution
decreases, and eye focus accommodation does not play a role, or plays less of a role, in

human perception.
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Some embodiments of the invention present an image type which provides more

depth cues in one portion of a scene, such as a portion of the scene near a center of the
FoV of a viewer, and another image or images of other types, which provide less depth
cues, in other portions of the scene.

Some embodiments of the invention present an image type which provides more
resolution in one portion of a scene, such as a portion of the scene near a center of the
FoV of a viewer, and another image or images of other types, which provide less
resolution, in other portions of the scene.

Some embodiments of the invention use a holographic display for displaying a
greater number of depth cues, for example both eye focus accommodation and eye
convergence, a stereoscopic display for providing an eye convergence cue, and a
monoscopic display for providing even less depth cues.

In some embodiments, portions of an image which are close and center are
optionally displayed with both eye focus accommodation and eye convergence, portions
of an image which are farther from a viewer, or less near a center of the scene may
optionally be displayed with an eye convergence cue of a stereoscopic image.

Depth perception by human eye focus accommodation is typically performed at
distances between approximately 0.15 and 3 meters from a viewer, optionally between
approximately 0.3 and 2 meters from the viewer. In some embodiments of the invention
a holographic image at the center of a human field of view provides a depth cue of eye
focus accommodation, while a surrounding, optionally stereoscopic, image is produced
with focus at a plane approximately 2 meters away from the viewer.

In some embodiments the focus plane of the surrounding image is optionally
adjusted or controlled by adjusting one or more optical components, such as a lens.

Because the eye resolution at a FoV outside of the fovea is poorer than within the
FoV of the fovea, the depth of focus and depth resolution of the surrounding image is
poorer. In some embodiments a surrounding image display optionally presents images,
optionally at a focus plane of 0.15 to 3 meters, optionally using stereoscopic illusion. A
combination of a Holographic image at a center of the FoV and surrounding image
display potentially appears natural to a viewer.

In some embodiments a holographic image is displayed with a span taking up a

field of view of 20 degrees, which is larger than a field of view of a human fovea. In
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some embodiments tracking a pupil and projecting a holographic image on a pupil is

enough to enable at least a portion of the holographic image to be viewed by the fovea,
and for the holographic image to appear to a human viewer at a portion of the field of
view which provides sharpest acuity of vision.

In some embodiments, at an outer edge of the FoV, away from the fovea, even
monoscopic display, providing no eye convergence is optionally displayed. Such a
display potentially still appears natural to the viewer. By way of a non-limiting example,
some of the scene is actually viewed by only one eye.

An aspect of the present invention includes displaying a portion of a scene with
higher spatial resolution and/or depth cues near a center of a viewer’s FoV, surrounded
by one or more portions of the scene further away from the center of the viewer’s FoV,
optionally with lower resolution and/or providing less or no depth cues.

An aspect of the present invention includes displaying a holographic image near
a center of a viewer’s FoV, surrounded by and/or adjacent to a non-holographic image
optionally further away from the center.

In some embodiments the non-holographic image is a stereoscopic image.

An aspect of the present invention includes displaying a higher resolution
holographic image near a center of a viewer’s FoV, surrounded by a lower resolution
holographic image.

An aspect of the present invention includes displaying a holographic image near
a center of a viewer’s FoV, surrounded by and/or adjacent to a first image and
surrounded still further, and/or adjacent to yet another second non-holographic image.

In some embodiments the central holographic image is a higher resolution
holographic image and the first image is a lower resolution holographic image.

In some embodiments the first image is a stereoscopic image.

In some embodiments the second non-holographic image is a monoscopic image.

In some embodiments a combination between different parts of FoV is realized,
where at a center of the FoV an image with optionally all depth cues is displayed, while
at greater angles away from the center of the FoV only a stereoscopic image is
presented, and at the edge of the FoV optionally only a monoscopic image is presented.

In some embodiments a holographic display is used to display and/or project at

the center of the FoV, and a non-holographic imaging system such as a LCOS (Liquid
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Crystal on Silicon) or a LC (Liquid Crystal) display is combined to be viewed at a wider

angle from the center of the FoV.

An aspect of the present invention relates to optionally tracking a viewer’s pupil,
and projecting the holographic display approximately to the center of the pupil. By
maintaining the holographic display at the center of the FoV of the viewer, even when
the eye changes direction, the image at surrounding portions of the FoV can be displayed
at a lower resolution.

In some embodiments the lower resolution display potentially reduces
complexity and/or computation time and or optical component quality needed for
producing the surrounding image, potentially involving use of a lower-computation
power and/or lower speed computation module for producing the surrounding image.

In some embodiments the lower resolution display includes an SLM with larger
pixels. In some embodiments a holographic display is used to display and/or project to
the fovea, and the surrounding display to project to some or all of the rest of the FoV.

In some embodiments a holographic display is used to display and/or project a
holographic image to the fovea and to a surrounding area, to allow for small movements
of the eye without the fovea viewing outside the central holographic scene.

In some embodiments, an angular span of the central holographic image is in a
range between 2 degrees and 10 or 25 or even 45 degrees or more.

In some embodiments boundaries between the central holographic image and a
surrounding image, and/or between the surrounding image and even more peripheral
images, are displayed with an accuracy of a pixel. That is, the scene displayed in a
surrounding image is a continuation of the more-central image at an accuracy of a pixel
of the surrounding image. By way of a non-limiting example, lines which exist in the
more-central image are continued in the surrounding, potentially lower resolution image,
with an accuracy of a pixel.

In some embodiments boundaries between the central holographic image and a
surrounding image, and/or between the surrounding image and even more peripheral
images, are displayed with a sub-pixel accuracy. That is, the scene displayed in a
surrounding image is a continuation of the more-central image at a sub-pixel accuracy of

the surrounding image. By way of a non-limiting example, lines which exist in the more-
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central image are continued in the surrounding, potentially lower resolution image, with

a sub-pixel accuracy.

In some embodiments boundaries between the central holographic image and a
surrounding image, and/or between the surrounding image and even more peripheral
images, are displayed so as not to be emphasized by a viewer’s vision. In some
embodiments at least a boundary portion of the surrounding image and/or the more
central image is blurred, and or pixel values in at least the boundary portions are
interpolated.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the
following description and/or illustrated in the drawings and/or the Examples. The
invention is capable of other embodiments or of being practiced or carried out in various
ways.

Reference is now made to Figure 1A, which is a simplified illustration of a
various portions of a Field of View of an eye relative to a center of the FoV, according
to an example embodiment of the invention.

Figure 1A shows an eye 101 with a direction of a center 105 of its FoV marked.

Figure 1A depicts a first, inner section 108 of the FoV subtending a first angle
109 around the direction of the center 105 of the FoV, and a second, larger section of the
FoV 110 subtending a second, larger angle, section 111 around the direction of the
center 105 of the FoV.

In some embodiments the first, inner section 108 of the FoV optionally subtends
an angle of approximately 10 degrees from the FoV center 105, which approximately
corresponds to the FoV of a human viewer’s fovea. In some embodiment the first, inner
section 108 of the FoV optionally subtends an angle of approximately 1 degree, 2
degrees, 3 degrees, 5 degrees, 7 degrees, 9 degrees, 11 degrees, 13 degrees, 15 degrees,
17 degrees, 19 degrees, 21 degrees, 23 degrees, 25 degrees, 27 degrees, 29 degrees, 31
degrees and 33 degrees from the FoV center 105.

In some embodiments the second section 111 of the FoV optionally subtends an

angle of approximately 60 to 110 degrees across, from side to side.
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In some embodiments a central area of an image which is to display a CGH

image is implemented as a circular area and/or as an oval area, optionally covering the
area of the fovea or larger, while in some embodiments the central area of an image
which is to display a CGH image is implemented as a square or a rectangular area,
optionally covering the area of the fovea or larger.

In some embodiments a surrounding area of an image which is to display a lower
resolution and/or a non-holographic image is implemented as a circular area and/or as an
oval area surrounding the central area, while in some embodiments the surrounding area
of the image which is to display the lower resolution and/or non-holographic image is
implemented as a square or a rectangular area.

Reference is now made to Figure 1B, which is a simplified illustration of two
eyes 101a 101b viewing a display 103a 103b, and various portions of their FoV relative
to centers 105a 105b of their FoV, according to an example embodiment of the
invention.

Figure 1B shows two eyes 101a 101b, each with a direction of a center 105a
105b of its FoV marked. Figure 1B shows a non-limiting example embodiment where
the two eyes’ direction of the center 105a 105b of their FoV converge at a point 104 at a
distance 102 from the eyes 101a 101b.

Figure 1B depicts first, inner sections of the FoV depicted in Figure 1A,
subtending first angles 109a 109b around the direction of the centers 105a 105b of the
FoV, and second, larger sections of the FoV subtending second, larger angles 111a 111b
around the directions of the centers 105a 105b of the FoVs of the eyes 101a 101b.

Figure 1B also shows displays 103a 103b in front of the eyes 101a 101b, which
are designed to display an image or images to the eyes 101a 101b.

Figure 1B illustrates various non-limiting example regions of a viewer’s FoV: a
first region 113 where both eyes 101a 101b see with the first inner sections of the FoV;
second regions 115a 115b, where both eyes 10la 101b see with the second outer
sections of the FoV; and third regions 117a 117b, where only one eye sees with the
second outer section of the FoV and the other does not see.

In some embodiments the field of view of the two eyes 101a 101b viewing the

first region 113 optionally subtends an angle of approximately 10 degrees side to side. In
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some embodiments the first region 113 optionally subtends an angle of approximately 2-

66 degrees side to side.

In some embodiments a total field of view of the two eyes 101a 101b viewing the
first, second and third regions 113 115a 115b 117a 117b optionally extends an angle of
approximately 150-200 degrees across, from side to side.

In some embodiments the three regions 113 115(a,b) 117(a,b) exactly border
each other, as shown in Figure 1B, when the first inner sections of the FoV of both eyes
exactly overlap and have a common outer border. When the first inner sections of the
FoV of both eyes do not exactly overlap additional regions can be defined. A person
skilled in the art, having studied the present document, will understand the additional
regions and options for display to the regions. In some embodiments the three regions
113 115(a,b) 117(a,b) do not exactly border each other and additional regions (not
shown) can be defined.

In some embodiments the regions 113 115a 115b 117a 117b of Figure 1B
correspond to regions suitable for displaying:

at the first region 113 a portion of a scene with optionally all depth cues, such as,
for example, a holographic image;

at the second region 115a 115b a portion of an scene with less depth cues, such
as, by way of a non-limiting example, a stereoscopic image, or a lower-resolution
holographic image; and

at the third region 117a 117b a portion of a scene with even less depth cues or
resolution, such as, by way of a non-limiting example a monoscopic image.

It is noted that Figure 1B shows example FoV regions and display schemes for
corresponding scene portions, however, similar FoV regions and display schemes for
corresponding scene portions may be implemented to a display for a single eye.

Reference is now made again to Figure 1A. In some embodiments the regions
108 110 of Figure 1A correspond to regions suitable for displaying:

at the first region 108 a portion of a scene with optionally all depth cues, such as,
for example, a holographic image; and

at the second region 110 a portion of a scene with less depth cues, such as, by
way of a non-limiting example, a stereoscopic image, or a lower-resolution holographic

image.
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In some embodiments, a third region (not shown in Figure 1A) lying around the

second region 110 a portion of a scene with even less depth cues or resolution, such as,
by way of a non-limiting example a monoscopic image, is displayed.

The following terms are hereby defined for use in the present application and
claims:

a central portion of a Field of View of an eye;

an in-side of a more-peripheral portion of a Field of View of an eye, where in-
side refers to a nasal direction, or an inner side, between two eyes of a viewer; and

an out-side of a more-peripheral portion of a Field of View of an eye, where out-
side refers to a temporal direction, opposite the nasal direction, or an outer side opposite
a mid-point between the eyes.

Reference is now made to Figure 1C, which is a simplified illustration of two
eyes 10la 101b viewing a display 103a 103b, and various portions of their FoV
according to an example embodiment of the invention.

Figure 1C depicts:

a first region 121 where a central portion of the FoV of both of the eyes 101a
101b overlaps;

a second region 122 where a central portion of the FoV of a first one of the eyes
101a 101b overlaps an in-side more-peripheral portion of the FoV of a second one of the
eyes 101a 101b;

a third region 123 where an out-side more-peripheral portion of the FoV of a first
one of the eyes 101a 101b overlaps an in-side more-peripheral portion of the FoV of a
second one of the eyes 101a 101b; and

a fourth region 124 where an out-side more-peripheral portion of the FoV of a
first one of the eyes 101a 101b does see, but the FoV of a second one of the eyes 101a
101b does not see.

The first region 121, the second region 122, the third region 123 and the fourth
region 124 are depicted at a typical distance from the eyes 101a 101b and the displays
103a 103b where a scene is displayed.

Figure 1C also depicts various portions of Fields of View of the eyes 101a 101b
at a closer distance than the typical distance from the eyes 101a 101b and the displays
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103a 103b than the first region 121, the second region 122, the third region 123 and the

fourth region 124.

The closer portions of the FoV include, by way of some none-limiting examples:

a fifth region 125 where an in-side more-peripheral portion of the FoV of a first
one of the eyes 101a 101b overlaps an in-side more-peripheral portion of the FoV of a
second one of the eyes 101a 101b;

a sixth region 126 where a central portion of the FoV of a first one of the eyes
101a 101b does see, but the FoV of a second one of the eyes 101a 101b does not see;

a seventh region 127 where an in-side more-peripheral portion of the FoV of a
first one of the eyes 101a 101b does see, but the FoV of a second one of the eyes 101a
101b does not see; and

an eighth region 124n where an out-side more-peripheral portion of the FoV of a
first one of the eyes 101a 101b does see, but the FoV of a second one of the eyes 101a
101b does not see.

In some embodiments:

the first region 121 displays a CGH image;

the second region 122 displays a scene using a stereoscopic image, that is, an
slightly shifted image of the scene displayed to each eye; and

the third region 123 and the fourth region 124 displays a scene using a
monoscopic image.

In some embodiments the field of view of the two eyes 101a 101b viewing the
first region 121 optionally subtends an angle of approximately 25 degrees side to side. In
some embodiments the first region 121 optionally subtends an angle of approximately 2-
66 degrees side to side.

In some embodiments a total field of view of the two eyes 101a 101b viewing the
first, second, third and fourth regions 121 122 123 124 optionally extends an angle of
approximately 150, 180, 200 and even 220 degrees and more across, {from side to side.

Reference is now made to Figure 2A, which is a simplified example of a display
system 200 for displaying a scene combining a central portion of the scene near a center
of a FoV displayed as a holographic image from a holographic image display,
surrounded by an additional portion of the scene displayed as an additional image from

an additional display, according to an example embodiment of the invention.
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Figure 2A shows one example embodiment for implementing the concept of a

scene including a central holographic image surrounded by one or more additional
images.

Figure 2A shows components of the example embodiment: a Spatial Light
Modulator (SLM) 201; optional optical components 202; a first semi-transparent mirror
203; an image display 204; a mirror 205; a second semi-transparent mirror 206; and a
third semi-transparent mirror 207.

An example light path through the display system 200 is now described:

The SLM 201 projects light 211 (in some embodiments reflected light, in some
embodiments light transferred through the SLM 201) modulated to produce a
holographic image. The light 211 from the SLM may be at a single wavelength, that is
one color, or more wavelengths, by way of a non-limiting example three colors. An
example of producing a holographic image using three colors is described in above-
mentioned U.S. Provisional Patent Application Number 62/298,070.

The light 211 optionally passes through the optional optical components 202, as
light 212, emerging as light 213 for producing a holographic image.

The light 213 passes through the first semi-transparent mirror 203 and through
the second semi-transparent mirror 206, emerging as light 214 for producing a
holographic image.

The light 214 for producing a holographic image is reflected back from the
mirror 205, through the second semi-transparent mirror 206 and onto the first semi-
transparent mirror 203.

Additional light 215 from the image display 204 is projected toward the second
semi-transparent mirror 206, and is reflected 215a from the second semi-transparent
mirror 206 onto the first semi-transparent mirror 203. The additional light 215a from the
image display 204 and the light 214 for producing a holographic image are now
traveling toward a same direction and through the same optical components.

Light 216, which is a combination of the additional light 215a from the image
display 204 and the light 214, is reflected from the first semi-transparent mirror 203
toward the third semi-transparent mirror 207. The light is then reflected from the third
semi-transparent mirror 207 as light 217 to the viewer’s eye 208. The viewer’s eye 208

sees a scene which is a combination of a CGH image produced by the SLM and an
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additional image produced by the image display 204, the scene appearing to be in a

direction 218 in front of the viewer’s eye 208.

In some embodiments the viewer’s eye 208 can view a scene which is a
combination of a CGH image produced by the SLM, an additional image produced by
the image display 204, and a view of the real world through the third semi-transparent
mirror 207, the scene appearing to be in a direction 218 in front of the viewer’s eye 208.

In some embodiments, the image display 204 projects light, for example the
image display 204 may be, by way of a non-limiting example, an LCD display with LED
lights transmitting through the LCD display.

In some embodiments, illumination for the image display 204 may be projected
along and optionally through the same components as the light projected from the SLM
211, and eventually be reflected off the second semi-transparent mirror 206 onto the
image display 204, which reflects the light as the additional light 215.

In some embodiments the image display 204 reflects or projects an image only in
portions of a scene in which the CGH does not appear.

In some embodiments such limiting of an image displayed by the image display
204 is optionally done by switching off pixels which would appear at the portion of the
scene where the CGH image appears.

In some embodiments the light illuminating the image display 204 is optionally
the same light source producing the CGH image, or from a light source adjacent to the
light source producing the CGH image, which may also optionally additionally pass
through a diffuser, to reduce potential speckles due to interference if coherent light was
used without a diffuser.

In some embodiments the first semi-transparent mirror 203 is a semi-transparent
mirror.

In some embodiments the third semi-transparent mirror 207 is a volume
holographic optical element, optionally at a wavelength specific to the one or two or
three or more illumination wavelength(s) used for displaying the scene.

In some embodiments the field of view of the eye 208 for viewing the CGH
image optionally subtends an angle of approximately 25 degrees side to side. In some
embodiments the field of view of the eye 208 for viewing the CGH image optionally

subtends an angle of approximately 2-66 degrees side to side.
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In some embodiments a total field of view of the eye 208 optionally extends an

angle of approximately 90 to 150 degrees and more across, {from side to side.

It is noted that while the above description of Figure 2A was provided with
reference to the viewer’s left eye, a similar and mirror image applies to the viewer’s
right eye, and a display for the right eye FoV regions is also taught, as can easily be
understood by a person of ordinary skill in the art.

In some embodiments a total field of view of two eyes combined optionally
subtends an angle of approximately 90 to 220 degrees and more across, {from side to
side.

In some embodiments the image display 204 of Figure 2A is placed on sides,
optionally horizontal sides, or both horizontal and vertical sides, of the SLM 201, and
the light from the image display 204 proceeds through the same optical path as the light
from the SLM 201.

In some embodiments the image display 204 of Figure 2A is placed on sides,
optionally horizontal sides, or both horizontal and vertical sides, of the CGH display
rays to form FoV separation as depicted in Figure 1C.

Figure 2A has described above, and Figure 5 will describe below, some non-
limiting examples of how to combine a holographic image and a non-holographic image.

Reference is now made to Figures 2B-2F, which are simplified line drawing
illustrations of producing a scene according to an example embodiment of the invention.

Figure 2B illustrates an example embodiments of a scene 220 for display in a
hybrid holographic display constructed according to an example embodiment, where a
first portion 224 of the scene 220 is optionally displayed as a holographic image, and a
second portion 222 of the scene is optionally displayed as an adjacent or surrounding
non-holographic image. In the example of Figure 2B the first portion 224 shows a
butterfly 223 at such a distance where eye focus accommodation may be perceived by a
viewer, and the butterfly 223 of the first portion 334 is displayed as a holographic image.
In the example of Figure 2B the second portion 222 shows a background such as a field
of flowers 221 at such a distance where eye focus accommodation may not be perceived
by a viewer, and the field of flowers 221 of the second portion 222 is optionally

displayed as a non-holographic image, for example a stereoscopic image.



10

15

20

25

30

WO 2017/145154 PCT/IL2017/050224

27
In some embodiments the portions 222 224 may be rectangular, as shown in

Figure 2B. in some embodiments the portions 222 224 includes just a shape of an object,
for example the first portion 224 may include just the shape of the butterfly 223 and the
second portion 222 may include just the shape of the field of flowers 221.

Figure 2C shows an example of the first portion 224 which the SLM 201 of
Figure 2A may be used to display, which Figure 2D shows an example of the second
portion 222 which the image display 204 may be used to display, resulting in a
combined hybrid holographic and stereoscopic image.

In some embodiments the SLM 201 of Figure 2A may be used to provide, in
addition to the first portion 224 which includes the butterfly 223, a dark background for
a stereoscopic view of the field of flowers 221.

Figure 2E shows an example of the first portion 224 which the SLM 201 of
Figure 2A may be used to display, including a dark area to serve as a dark background
for combining with the second portion 222.

In some embodiments the image display 204 may be used to provide, in addition
to the second portion 222 which includes the field of flowers 221, a dark background for
a holographic image of the butterfly 223.

Figure 2F shows an example of the second portion 222 which the image display
204 of Figure 2A may be used to display, including a dark area to serve as a dark
background for combining with the first portion 224.

Reference is now made to Figure 3A, which is a simplified illustration of
portions of Fields of View of a viewer’s left eye, according to an example embodiment
of the invention.

Figure 3A depicts a non-limiting example of portions of FoV as seen from a left
eye and from the viewer’s perspective.

Figure 3A depicts:

a first, inner region 301 of the FoV of the viewer’s left eye;

a second, in-side more-peripheral region 302 of the FoV of the viewer’s left eye,
toward a viewer’s nose 307 side; and

a third, out-side more-peripheral region 303 of the FoV of the viewer’s left eye,
away from the nose 307 side.

Optionally, in some embodiments, even-more-peripheral regions are used:
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a fourth, out-side even-more-peripheral region 304 of the FoV of the viewer’s

left eye away from the nose 307 side; and

a fifth, in-side even-more-peripheral region 305 of the FoV of the viewer’s left
eye toward a viewer’s nose 307 side.

In some embodiments a display for the viewer’s left eye may display a scene in
which the different FoV portions 301 302 303 (and optionally 304 305) may optionally
display the scene using different techniques, such as holographic and/or stereoscopic
and/or monoscopic, and/or optionally using different resolutions of display at the
different FoV portions 301 302 303 (and optionally 304 305).

It 1s noted that while the above description was provided with reference to the
viewer’s left eye, a similar and mirror image applies to the viewer’s right eye, and a
display for the right eye FoV regions is also taught, as can easily be understood by a
person of ordinary skill in the art.

In some embodiments the widths of the regions 301 302 303 304 305 is not
necessarily the same, and as many as all of the regions may be of different widths.

In some embodiments the width of the first region 301 corresponds to the
viewer’s foveal vision region.

The human foveal region spans approximately 5 degrees. In some embodiments
the width of the first region 301 is made to span more than the human foveal region,
which provides a potential advantage that there is less need or urgency for tracking the
human pupil and keeping the first region 301 on the viewer’s fovea.

In some embodiments the angle spanned by the first region 301 is approximately
5 degrees, 10 degrees, 15 degrees, 20 degrees, 25 degrees, and even more.

Reference is now made to Figure 3B, which is a simplified illustration of
portions of Fields of View of a viewer’s combined left and right eye vision, according to
an example embodiment of the invention.

Figure 3B depicts a non-limiting example of portions of FoV as seen with two
eyes from the viewer’s perspective.

Figure 3B depicts a first, inner region 311 of the viewer’s FoV using combined
vision with two eyes, typically with both eyes looking toward a same location and a

second, more-peripheral region 312 of the viewer’s FoV.
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Figure 3B also depicts a third, even-more-peripheral region 313 of the viewer’s

FoV.

In some embodiments a display for the viewer’s combined vision displays a
scene in which the different FoV portions 311 312 (and optionally 313) may optionally
display the scene using different techniques, such as holographic and/or stereoscopic
and/or monoscopic, and/or optionally using different resolutions of display at the
different FoV portions 311 312 (and optionally 313).

Reference is now made to Figure 3C, which is a simplified illustration of
portions of a Field of View of a viewer’s left eye, according to an example embodiment
of the invention.

Figure 3C depicts a non-limiting example of portions of FoV as seen from a
viewer’s perspective.

Figure 3C depicts:

a first, inner region 321L of the FoV of the viewer’s left eye;

a second, in-side more-peripheral region 322L of the FoV of the viewer’s left
eye; and

a third, out-side more-peripheral region 323L of the FoV of the viewer’s left eye.

Figure 3C also depicts border lines 325L 326L 327L between the in-side and the
out-side more-peripheral regions of the FoV of the left eye.

In some example embodiments the border line may pass in the middle of the left
eye’s FoV, such as the border line 327L. In some example embodiments the border line
may pass further out from the middle of the left eye’s FoV, such as the border line 326L.
In some example embodiments the border line may pass even further out from the
middle of the left eye’s FoV, such as the border line 325L.

In some embodiments the area spanned by the first, inner region 321L of the FoV
of the viewer’s left eye corresponds to the viewer’s left eye foveal vision region.

In some embodiments the angle spanned by the first, inner region 321L of the
FoV of the viewer’s left eye is in a range of approximately 5 to 25, 30, or 35 degrees or
more.

In some example embodiments still-more-peripheral regions may be defined (not

shown in Figure 3C), and in some example embodiments the still-more-peripheral
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regions of the FoV may be divided by border lines into in-side and out-side still-more-

peripheral regions of the FoV.

It 1s noted that while the above description was provided with reference to the
viewer’s left eye, a similar and mirror image applies to the viewer’s right eye, and a
display for the right eye FoV regions is also taught, as can easily be understood by a
person of ordinary skill in the art.

Reference is again made to Figure 2A. As described above, in some
embodiments, illumination for the image display 204 may be projected along and
optionally through the same components as the light projected from the SLM 211, and
eventually be reflected off the second semi-transparent mirror 206 onto the image
display 204, which reflects the light as the additional light 215.

Reference is now made to Figure 4, which is a simplified line drawing
illustration of illumination fields or regions for the SLM of Figure 2A and the image
display of Figure 2A, according to an example embodiment of the invention.

Figure 4 shows a first, central illumination region 401 for the SLM (reference
201 of Figure 2A) illumination, a second illumination region 402 for a left region of the
image display 204 of Figure 2A, and a third illumination region 403 for a right region of
the image display 204 of Figure 2A.

It is noted that while the above descriptions of Figures 3A-3C and 4 were
provided with reference to the viewer’s left eye, a similar and mirror image description
applies to the viewer’s right eye, and a display for the right eye FoV regions as well as
two display for displaying to both eyes are also taught, as can easily be understood by a
person of ordinary skill in the art.

It is noted that while the above descriptions of Figures 3A-3C and 4 were
provided with reference to segmenting a field of view into segments along a horizontal
direction, the field of view may be segmented along the vertical direction, also into a
central higher-resolution segment and one or more surrounding lower resolution
segment(s) as can be understood by a person of ordinary skill in the art.

Figure 2A described an example embodiment of a system for displaying a scene
combining a central portion of the scene near a center of a FoV displayed as a
holographic image from a holographic image display, surrounded by an additional

portion of the scene displayed as an additional image from an additional display.



10

15

20

25

30

WO 2017/145154 PCT/IL2017/050224

31
An additional example embodiment of such a system is now described. Even

more implementations may be understood by persons skilled in the art, based on the
example embodiments taught herein.

Reference is now made to Figure 5, which is a simplified example of a display
system 500 for displaying a scene combining a central portion of the scene near a center
of a FoV displayed as a holographic image from a holographic image display,
surrounded by an additional portion of the scene displayed as an additional image from
an additional display, according to an example embodiment of the invention.

Figure 5 shows an example embodiment for implementing the concept of a scene
including a central holographic image surrounded by one or more additional images.

Figure 5 shows components of the example embodiment: a coherent light
illuminator 501 (one or more wavelengths); a Spatial Light Modulator (SLM) 502; one
or more first optional optical component(s) 503; an image display 504a 504b; an
optional illuminator 505; one or more second optional optical component(s) 506; one or
more third optional optical component(s) 508; a first mirror 509; a second semi-
transparent/semi-reflective mirror 510; and a third mirror 511.

In some embodiments the image display(s) 504a 504b may be a flat display
projecting images, such as, by way of a non-limiting example, a LED display or a LCOS
display. In some embodiments the image display(s) 504a 504b may be a flat display with
a hole in the middle for allowing the modulated light from the SLM 502 to pass through.
In some embodiments the image display(s) 504a 504b may be two or more flat displays
with a space between the image display(s) 504a 504b for allowing the modulated light
from the SLM 502 to pass through.

In some embodiments an optional aperture stop is optionally placed in a location
referenced by the reference number 507 in the optical path.

In some embodiments optical components are designed so that an image of the
SLM 502 is produced in the location referenced by the reference number 507 in the
optical path.

An example light path through the display system 500 is now described:

The coherent light illuminator 501 projects coherent light 531 (at one wavelength
or at or two or three or more wavelengths at different times), which is modulated by the

SLM 502 to produce a holographic image. Modulated light 532 from the SLM 502 may
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be at a single wavelength, that is one color, or at more wavelengths at different time

slots, synchronized with values of the SLM pixels. An example of producing a
holographic image using three colors is described in above-mentioned U.S. Provisional
Patent Application Number 62/298,070.

The modulated light 532 optionally passes through the optional optical
component(s) 503, emerging as modulated light 533 for producing a first holographic
image 521.

The first holographic image 521 is optionally produced in a location along the
optical path which is approximately at the location of the image display 504a 504b. In
Figure 5 the holographic image 521 is a three-dimensional holographic image of a rose.

In some embodiments the image display(s) 504a 504b produces light travelling
toward the first mirror 509.

In some embodiments the optional illuminator 505 optionally illuminates 505a
the image display(s) 504a 504b, which reflect light toward the first mirror 509.

The modulated light from the SLM also travels toward the first mirror 509. The
combined light is marked as light 534.

The light 534 optionally passes through the one or more second optional optical
component(s) 506 emerging as light 534a and through the one or more third optional
optical component(s) 508 emerging as light 534b.

The light 534b continues toward the first mirror 509, and reflects as light 535 off
the first mirror 509 toward the second semi-transparent/semi-reflective mirror 510.

In some embodiments the light 535 produces images approximately at the
location of the second semi-transparent/semi-reflective mirror 510. Figure 5 shows, by
way of a non-limiting example, a second holographic image of a rose 523, reimaged by
reflections 536a 536b from the first holographic image of the rose 521, an additional
image of a horse 524, and an additional image of trees 525.

The images 523 524 525 reflect 536a off the second semi-transparent/semi-
reflective mirror 510 toward the third semi-transparent/semi-reflective mirror 511, and
reflect 536b off the third mirror 511 toward a viewer’s eye 528.

In some embodiments the viewer’s eye 528 can view a scene which is a
combination of a CGH image produced by the SLM, an additional image produced by
the image display(s) 504a 504b, and a view of the real world through the third mirror
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511, which is optionally a semi-transparent mirror 511, the scene appearing to be in a

direction in front of the viewer’s eye 528.

In some embodiments the mirror 511 is optionally a magnifying mirror, and the
viewer optionally sees the images 523 524 525 as larger and more distant images 523b
524b 525b.

In some embodiments the CGH image is at different location along the optical
path than display 504a, and 504b, which potentially shifts a focus distance of the
surrounding images 524 525 524 b 525b relative to the focus distance of the CGH image
523 523b.

It is noted that while the above description of Figure 5 was provided with
reference to one of the viewer’s eyes, a similar image applies to the viewer’s other eye,
and a display for the other eye FoV regions is also taught, as can easily be understood by
a person of ordinary skill in the art. In some embodiments the display system 500 of
Figure 5 is replicated for a viewer’s other eye, and the viewer benefits from seeing the
scene of images 523 524 525 or magnified images 523b 524b 525b with both eyes.

In some embodiments the third mirror 511 is fully reflective, and the viewer sees
what is termed a “virtual reality” scene.

In some embodiments the third mirror 511 is semi-reflective/semi-transparent,
and the viewer also sees, through the third mirror 511, the real world, combined with the
scene the scene of images 523 524 525 or magnified images 523b 524b 525b. Such a
combination of the real world and a displayed image is termed “augmented reality”.

In some embodiments the mirror 511 only reflects the illuminating wavelength
while it is transparent to other wavelengths.

In some embodiments the first mirror 509 is optionally semi-transparent/semi-
reflective, and optional pupil tracking components (not shown, but described in above-
mentioned U.S. Provisional Patent Application No. 62/298,070) may be included behind
the first mirror 509, optionally tracking the viewer’s pupil off the intervening optical
components, potentially providing pupil tracking data to a computer controlling the
SLM 502 and the image display(s) 504a 504b, thereby optionally controlling production
of the scene.

Figure 5 shows a configuration of one side, or one eye, of a potential Head

Mounted Display (HMD) where the image display(s) 504a 504b are adjacent to a
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holographic image 521. In some embodiments the location of the holographic image 521

may optionally also be a location of a zero-order diffraction bright spot blocker.

In some embodiments a tilting mirror, such as the mirror 510, optionally directs
an observing window to the eye 528 even when the viewer shifts the eye 528 to look to a
different direction. The entire displayed image including the CGH and the stereoscopic
FoV are tilted by the tilting mirror.

In some embodiments the mirror 509 is optionally used to stabilize the images
523 524 525 523b 524b 525b against head movements.

In some embodiments the mirror 509 is optionally used to maintain the CGH
image in the FoV of the fovea even if the viewer moves his/her eyes away from a central
axis direction.

In some embodiments an additional SLM tilting mirror (not shown) is optionally
added to stabilize the images 523 524 525 523b 524b 525b against head movements.
The SLM tilting mirror is optionally imaged to a pupil of the observer’s eye 528. When
the SLM tilting mirror is tilted the images 523 524 525 523b 524b 525b shift to different
parts of the eye 528 FoV. Such tilting is optionally used to stabilize the displayed scene
in the FoV, including both the holographic image and the additional, optionally
stereoscopic regions of the FoV.

In some embodiments the SLM mirror is optionally used to expand a time
average FoV by fast tilting and instantaneously projecting parts of the scene to increase

FoV at a cost of a time-averaged intensity.

Additional aspects

In some embodiments in order to camouflage a border between a central
holographic image in a scene and a surrounding additional image, the holographic image
and the surrounding image are optionally produced at similar levels of image brightness.
In some embodiments, the image brightness is controlled by controlling an intensity of
light illuminating the SLM and illuminating the additional image display. In some
embodiments, the image brightness is controlled by illuminating both the SLM for
producing the holographic image and the additional display for producing the additional

image with the same coherent illumination. In some embodiments, because of the
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coherent illumination, interference speckles may appear which may reduce image

quality of the scene.

In some embodiments, to reduce or eliminate interference speckles, an optical
path length difference between the CGH image and the surrounding (optionally
stereoscopic) image is produced, typically longer than a coherence length of the coherent
illumination. Such an optical path length difference reduces or eliminates fringes or
speckles at the boundary between the two images.

In some embodiments the optical path difference is produced by placing the
image display(s) 504a at a different location along the optical path than the location of
the first holographic image 521. The different locations are preferably different by a
distance greater than a coherence distance of the coherent illumination.

In some embodiments the optical path difference is produced by separating the
illumination of the image display(s) 504a from the illumination of the SLM 502, and
causing one of the illumination paths of the coherent illumination to be different from
the other by a distance greater than a coherence distance of the coherent illumination.

In some embodiments, two coherent light sources are used for illuminating the
SLM and the additional display. Such embodiments also reduce or eliminate potential
interference, since a coherence time of each of the coherent light sources, for example
lasers, is typically at a nanosecond scale.

In some embodiments, a diffuser is placed in the optical path that smears the
speckles, optionally at a frequency greater than 20Hz which is a typical time of response
of a human eye.

Reference is now made to Figure 6, which is a simplified flow chart illustration
of a method for displaying a wide Field of View (FoV) scene including a holographic
image within the scene.

The method of Figure 6 includes:

displaying a first holographic image at a center of a displayed scene (602); and

displaying a first additional image peripheral to the first holographic image
(604).

In some embodiments a viewer’s pupil is tracked, and an optical system for
displaying the first holographic image is controlled to display the first holographic

image to the viewer’s pupil.
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In some embodiments the first additional image is a lower spatial resolution

display than the first holographic image.

In some embodiments the first additional image is a stereoscopic image.

In some embodiments the first additional image is a second holographic image.
The second holographic image may optionally be at a lower resolution than the first
holographic image, and may optionally be displayed to an area of the viewer’s eye
which sees at a lower resolution, by way of some non-limiting examples away from the
center of the viewer’s FoV, and/or peripheral to the center of the viewer’s FoV, and/or
surrounding the first holographic image.

In some embodiments a second additional image is displayed, optionally adjacent
to and/or peripheral and/or surrounding the first additional image.

In some embodiments the second additional image is a stereoscopic image.

In some embodiments the first holographic image and the additional image(s) are
displayed by a Head Mounted Display (HMD).

In some embodiments the displaying a first holographic image and the additional
image(s) includes displaying two first holographic images each one at a center of a
displayed scene to each one of two eyes and displaying two additional images, or two
sets of additional images to each one of the two eyes.

Reference is now made to Figure 7, which is a simplified flow chart illustration
of a method for displaying a wide Field of View (FoV) scene including an interference
based holographic image within the scene, according to an example embodiment of the
invention.

The method of Figure 7 includes:

setting pixel values in a Spatial Light Modulator (SLM) for producing a
Computer Generated Hologram (CGH) (702);

illuminating the SLM with coherent light, thereby producing a first interference
based holographic image (704);

setting pixel values in a first additional image display for producing a first
additional image (706);

illuminating the first additional image display, thereby producing a first

additional image (708); and
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allowing a real view of a real world to be viewable through and around the first

holographic image and the first additional image (710),

wherein

the first holographic image is projected toward a viewer’s fovea;

the first additional image is displayed as part of the scene and adjacent to the first
holographic image; and

the real view of a real world is also viewable as part of the scene.

In some embodiments, the first holographic image is displayed at a center of a
scene; and the first additional image is displayed as part of the scene and adjacent to the
first holographic image.

In some embodiments, a viewer’s pupil is tracked and the displaying the first
holographic image is controlled to display the first holographic image to the viewer’s
pupil.

In some embodiments the displaying the first holographic image and the second
additional image is performed by a Head Mounted Display (HMD).

In some embodiments, the displaying the first holographic image includes
displaying two first holographic images, each one at a center of a displayed scene to
each one of two eyes, and the displaying the second additional image includes displaying
two first additional images to each one of the two eyes.

It is expected that during the life of a patent maturing from this application many
relevant SLMs, head mounted displays and image displays will be developed and the
scope of the terms SLMs, head mounted displays and image displays is intended to
include all such new technologies a priori.

As used herein the term “about” refers to + 50 %.

The terms “comprising”, “including”, “having” and their conjugates mean
“including but not limited to”.

The term “consisting of” is intended to mean “including and limited to”.

The term “consisting essentially of” means that the composition, method or
structure may include additional ingredients, steps and/or parts, but only if the additional
ingredients, steps and/or parts do not materially alter the basic and novel characteristics

of the claimed composition, method or structure.
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6,99 Gk

As used herein, the singular form “a”, “an” and “the” include plural references
unless the context clearly dictates otherwise. For example, the term *“a unit” or “at least
one unit” may include a plurality of units, including combinations thereof.

The words “example” and “exemplary” are used herein to mean “serving as an
example, instance or illustration”. Any embodiment described as an “example or
“exemplary” is not necessarily to be construed as preferred or advantageous over other
embodiments and/or to exclude the incorporation of features from other embodiments.

The word “optionally” is used herein to mean “is provided in some embodiments
and not provided in other embodiments”. Any particular embodiment of the invention
may include a plurality of “optional” features unless such features conflict.

Throughout this application, various embodiments of this invention may be
presented in a range format. It should be understood that the description in range format
is merely for convenience and brevity and should not be construed as an inflexible
limitation on the scope of the invention. Accordingly, the description of a range should
be considered to have specifically disclosed all the possible sub-ranges as well as
individual numerical values within that range. For example, description of a range such
as from 1 to 6 should be considered to have specifically disclosed sub-ranges such as
from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as
individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Whenever a numerical range is indicated herein, it is meant to include any cited
numeral (fractional or integral) within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate number and “ranging/ranges
from” a first indicate number “to” a second indicate number are used herein
interchangeably and are meant to include the first and second indicated numbers and all
the fractional and integral numerals therebetween.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable sub-combination or as suitable in any other described

embodiment of the invention. Certain features described in the context of various
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embodiments are not to be considered essential features of those embodiments, unless

the embodiment is inoperative without those elements.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad scope
of the appended claims.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS:

1. A method for displaying a wide Field of View (FoV) scene including an

interference based holographic image within the scene, comprising:

setting pixel values in a Spatial Light Modulator (SLM) for producing a
Computer Generated Hologram (CGH);

illuminating the SLM with coherent light, thereby producing a first interference
based holographic image;

setting pixel values in a first additional image display for producing a first
additional image;

illuminating the first additional image display, thereby producing a first
additional image; and

allowing a real view of a real world to be viewable through and around the first
holographic image and the first additional image,

wherein

the first holographic image is projected toward a viewer’s fovea;

the first additional image is displayed as part of the scene and adjacent to the first
holographic image; and

the real view of a real world is also viewable as part of the scene.

2. The method of claim 1, and further comprising:
tracking a viewer’s pupil; and
controlling the displaying the first holographic image to display the first

holographic image to the viewer’s pupil.

3. The method of any one of claims 1 and 2, in which the first additional image

comprises a lower spatial resolution display than the first holographic image.

4. The method of any one of claims 1-3, in which the first additional image

comprises a stereoscopic image.
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5. The method of any one of claims 1-4, in which the first additional image
comprises a 2D image.
6. The method of any one of claims 1-5, in which the first additional image

comprises an interference based holographic image.

7. The method of any one of claims 1-6, in which the displaying the first
holographic image and the first additional image is performed by a Head

Mounted Display (HMD).

8. The method of any one of claims 1-7, and further comprising a second additional
image display and using the second additional image display for displaying a

second additional image adjacent to the first additional image.

9. The method of any one of claims 1-8, in which:

the displaying the first holographic image comprises displaying two first
holographic images each one to each one of two eyes; and

the displaying the second additional image adjacent to the first holographic
image comprises displaying two first additional images, each one adjacent to each one of

the first holographic images.

10. A hybrid display for displaying a wide Field of View (FoV) scene including an
interference based holographic image within the scene, comprising:
a head mounted display (HMD) comprising:
a first Spatial Light Modulator (SLM) for producing a first interference
based holographic image;
an optical system for:
imaging the first holographic image on a controllable tilting
mirror; and

re-imaging the first holographic image toward a viewer’s fovea;
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a second image display for producing at least a first additional real-time

computer generated image, located adjacent to the controllable tilting mirror, arranged to

display the first additional image adjacent to the first holographic image; and

wherein the optical system is arranged to allow the viewer a real view of

a real world through the optical system,

thereby combining a view of the first holographic image, the first additional

image and the real world.

11.

12.

13.

14.

15.

16.

17.

The display of claim 10, and further comprising a focusing component for
focusing light from the SLM onto a Fourier plane, and wherein the second image

display is located at the Fourier plane.

The display of claim 10, in which the optical system is configured to display the

first holographic image spanning a Field of View (FoV) of a human fovea.

The display of any one of claims 10-12, and further comprising a viewer pupil
tracking component for tracking the viewer’s pupil and wherein the viewer pupil
tracking component provides data for controlling the first Spatial Light
Modulator (SLM) and the optical system for displaying the first holographic

image to the viewer’s pupil.

The display of any one of claims 10-13, in which the second image display

comprises a lower spatial resolution display than the first SLM.

The display of any one of claims 10-14, in which the second image display

comprises a display for producing a stereoscopic image.

The display of any one of claims 10-12, in which the second image display

comprises an SLM for producing a holographic image.

The display of any one of claims 10-15, in which the optical system for

producing the first holographic image and the second image display for
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producing the first additional image are configured to display the first

holographic image and the first additional image spanning together a total angle

in a range of 60-110 degrees.

The display of any one of claims 10-17, and further comprising a third image

display for producing at least a second additional image.

The display of claim 18, in which the optical system for producing the first
holographic image and the second image display and the third image display are
configured to display the first holographic image and the first additional image
and the second additional image spanning together a total angle in a range of 60-

110 degrees.

The display of any one of claims 10-19, in which:
the first SLM and the optical system for producing the first holographic image

comprises two SLMs and two optical systems, for producing two first holographic

images, one for each one of a viewer’s two eyes; and

the second image display for producing the at least a first additional image

adjacent to the first holographic image comprises two second image displays for

producing at least two first additional images each one adjacent to each one of the first

holographic images.

21.

22.

23.

The display of any one of claims 10-20, in which the two SLMs, the two optical
systems, and the two image displays are configured to display the first
holographic image and the first additional image to the viewer’s two eyes

spanning an angle in a range of 90-200 degrees.

The display of any one of claims 10-21, comprised in a Head Mounted Display
(HMD).

A display for displaying a wide Field of View (FoV) scene including a

holographic image within the scene, comprising:
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a first Spatial Light Modulator (SLM) and an optical system for producing a first

holographic image at a center of a displayed scene; and

an image display for producing at least a first additional image adjacent to the

first holographic image.

24.

25.

26.

27.

28.

29.

The display of claim 23, in which the image display for producing at least a first
additional image adjacent to the first holographic image is the first SLM,
configured for also producing a second interference based holographic image

adjacent to the first holographic image.

The display of any one of claims 23 and 24, in which the optical system is
configured to display the first holographic image spanning a Field of View (FoV)

of a human fovea.

The display of any one of claims 23 and 24, in which the optical system is
configured to display the first holographic image spanning an angle in a range of

5-35 degrees.

The display of any one of claims 23-26, and further comprising a viewer pupil
tracking component for tracking the viewer’s pupil and wherein the viewer pupil
tracking component provides data for controlling the first Spatial Light
Modulator (SLM) and the optical system for displaying the first holographic

image to the viewer’s pupil.

The display of any one of claims 23-27, and further comprising a second image
display for producing the first additional image adjacent to the first holographic
image, in which the second image display comprises a display for producing a

stereoscopic image.

The display of claim 28, in which the second image display comprises an SLM

for producing an interference based holographic image.
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30. The display of any one of claims 23-27, in which the optical system for

producing the first holographic image and the image display for producing the
first additional image are configured to display the first holographic image and

the first additional image spanning an angle in a range of 60-110 degrees.

31. The display of any one of claims 23-30, in which:

the first SLM and the optical system for producing the first holographic image
comprises two SLMs and two optical systems, for producing two first holographic
images, one for each one of a viewer’s two eyes; and

the image display for producing the at least a first additional image adjacent to
the first holographic image comprises two image displays for producing at least two first

additional images each one adjacent to each one of the first holographic images.

32. The display of any one of claims 23-31, in which the two SLMs, the two optical
systems, and the two image displays are configured to display the first
holographic image and the first additional image to the viewer’s two eyes

spanning an angle in a range of 90-200 degrees.

33. The display of any one of claims 23-32, comprised in a Head Mounted Display
(HMD).

34. The display of any one of claims 23-33, and further comprising the optical
system enabling a real view of a real world through the optical system, thereby
combining a view of the first holographic image, the first additional image and

the real world.

35. A display for displaying a wide Field of View (FoV) scene including an
interference based holographic image within the scene, comprising:
a first Spatial Light Modulator (SLM) and an optical system for producing a first
interference based holographic image; and
a second image display for producing at least a first additional image adjacent to

the first holographic image.
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36.

46
A method for displaying a wide Field of View (FoV) scene including an

interference based holographic image within the scene, comprising:
displaying a first interference based holographic image; and

displaying a first additional image as part of the displayed scene and adjacent to

the first holographic image.

37.

38.

39.

40.

41.

42.

43.

The method of claim 36, in which a display for displaying the first additional

image is located next to a location of the first holographic image.

The method of claim 36 in which the displaying the first holographic image

comprises displaying the first holographic image at a center of a displayed scene.

The method of any one of claims claim 36-38, in which the displaying the first
holographic image comprises using a first Spatial Light Modulator (SLM) and an

optical system for producing the first holographic image.

The method of any one of claims 36-39, in which the displaying the first
holographic image comprises displaying the first holographic image to a viewer’s

span a Field of View (FoV) of a human fovea.

The method of any one of claims 36-39, in which the displaying the first
holographic image comprises displaying the first holographic image to span an

angle in a range of 5-35 degrees.

The method of any one of claims 36-41, in which the displaying the first
additional image comprises displaying the first additional image to a viewer’s

retina outside a fovea of an eye of the viewer.

The method of any one of claims 36-42, and further comprising displaying a

second additional image.
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44, The method of claim 43, in which the second additional image is displayed

adjacent to the first additional image.

45. The method of any one of claims 43-44, and further comprising enabling a real
view of a real world to be viewable through and around the first holographic
image and the first additional image,
wherein
the first holographic image is displayed at a center of a scene;
the second additional image is displayed as part of the scene and adjacent to the

first holographic image; and

the real view of a real world is also viewable as part of the scene.

46. The method of any one of claims 44 and 45, in which the second additional

image comprises a stereoscopic image.

47. A method for displaying a wide Field of View (FoV) scene including a

holographic image within the scene, comprising:

setting pixel values in a Spatial Light Modulator (SLM) for producing a
Computer Generated Hologram (CGH);

illuminating the SLM with coherent light, thereby producing a first interference
based holographic image;

setting pixel values in a first additional image display for producing a second
image; and

illuminating the first additional image display, thereby producing a second
additional image,

wherein

the first holographic image is displayed at a center of a scene; and

the second additional image is displayed as part of the scene and adjacent to the

first holographic image.

48. The method of claim 47, and further comprising:

tracking a viewer’s pupil; and
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controlling the displaying the first holographic image to display the first

holographic image to the viewer’s pupil.

49. The method of any one of claims 47 and 48, and further comprising:

allowing a real view of a real world to be viewable around the first holographic
image and the second, additional image,

wherein:

the first holographic image is displayed at a center of a scene;

the second additional image is displayed as part of the scene and adjacent to the
first holographic image; and

the real view of a real world is also viewable as part of the scene.

50. The method of claim 49, in which the allowing the real view of a real world to be
viewable around the first holographic image and the second, additional image
comprises allowing the real view of a real world to be viewable through and

around the first holographic image and the second, additional image.
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