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SYSTEMS AND METHODS FOR PROJECTING IMAGES FROM LIGHT
FIELD DISPLAYS BASED ON REFLECTED LIGHT RAYS

BACKGROUND

[0001] The present disclosure relates generally to amusement park special effects and, more

specifically, to the use of light field displays to generate amusement park special effects.

[0002] Inan amusement park environment, it may be desirable to provide special effects (e.g.,
visual effects) that generate feelings of excitement, awe, and curiosity in guests. Specifically, for
example, it is desirable to create illusions that are counter to what people traditionally experience
in everyday life. Such illusions can be used to generate excitement and provide immersive
experiences in a themed environment. Technology can be used to provide such special effects.
Accordingly, it is now recognized the improved special effects techniques and technology, as

described herein, are desirable for improving entertainment experiences.

[0003] This section is intended to introduce the reader to various aspects of art that may be
related to various aspects of the present techniques, which are described and/or claimed below.
This discussion is believed to be helpful in providing the reader with background information to
facilitate a better understanding of the various aspects of the present disclosure. Accordingly, it
should be understood that these statements are to be read in this light, and not as admissions of

prior art.

BRIEF DESCRIPTION

[0004] Certain embodiments commensurate in scope with the originally claimed subject matter
are summarized below. These embodiments are not intended to limit the scope of the claimed
subject matter, but rather these embodiments are intended only to provide a brief summary of
possible forms of the subject matter. Indeed, the subject matter may encompass a variety of forms

that may be similar to or different from the embodiments set forth below.

[0005] Inan embodiment, a light field display system includes one or more light field displays

configured to display primary autostereoscopic images and to project light rays toward one or more
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display devices to display secondary autostereoscopic images via the one or more display devices.
The light field display system also includes one or more cameras configured to detect light rays
reflected off the one or more display devices. The light field display system further includes a
control system configured to determine a position, orientation, and/or movement of the one or
more display devices in a physical environment based at least in part on the light rays detected by
the one or more cameras; to calculate respective light field vector functions for the light rays
projected by the one or more light field displays toward the one or more display devices based at
least in part on the determined position, orientation, and/or movement of the one or more display
devices in the physical environment; and to cause the one or more light field displays to project
subsequent light rays toward the one or more display devices in accordance with the respective
calculated light field vector functions to display subsequent secondary autostereoscopic images

via the one or more display devices.

[0006] In an embodiment, a method includes displaying, via one or more light field displays,
primary autostereoscopic images. The method also includes detecting, via one or more cameras,
light rays reflected off one or more display devices. The method further includes determining, via
a control system, a position, orientation, and/or movement of one or more display devices in a
physical environment based at least in part on the light rays detected by the one or more cameras.
In addition, the method includes calculating, via the control system, respective light field vector
functions for light rays projected by the one or more light field displays toward the one or more
display devices based at least in part on the determined position, orientation, and/or movement of
the one or more display devices in the physical environment. The method also includes causing,
via the control system, the one or more light field displays to project subsequent light rays toward
the one or more display devices in accordance with the respective calculated light field vector
functions to display subsequent secondary autostereoscopic images via the one or more display

devices.

[0007]  Various refinements of the features noted above may be undertaken in relation to
various aspects of the present disclosure. Further features may also be incorporated in these
various aspects as well. These refinements and additional features may exist individually or in

any combination.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advantages of the present disclosure will become
better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:

[0009] FIG. 1 is a schematic diagram of a light field display configured to generate
autostereoscopic images that display objects that appear to be three-dimensional, in accordance

with an embodiment of the present disclosure;

[0010] FIG. 2 illustrates a reflective light field display system in which the light field display
of FIG. 1 not only generates autostereoscopic images on the light field display, but also
simultaneously projects light rays that, when reflected off one or more reflective devices, generate
autostereoscopic images on the reflective devices, in accordance with an embodiment of the

present disclosure;

[0011] FIG. 3 illustrates a reflective light field display system in which the light field display
of FIG. 1 projects light rays to a plurality of respective reflective devices being held by a plurality

of respective amusement park guests, in accordance with an embodiment of the present disclosure;

[0012] FIG. 4 is a schematic diagram of an effect generated by a light field display system, in

accordance with an embodiment of the present disclosure;

[0013]  FIG.5isaschematic diagram of another effect generated by a light field display system,

in accordance with an embodiment of the present disclosure;

[0014] FIG. 6is a schematic diagram of another effect generated by a light field display system,

in accordance with an embodiment of the present disclosure;

[0015]  FIG. 7is a schematic diagram of another effect generated by a light field display system,

in accordance with an embodiment of the present disclosure;
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[0016] FIG. 8 illustrates a reflective light field display system in which the light field display
of FIG. 1 projects light rays to a reflective device located in a physical environment having one or

more cameras disposed therein, in accordance with an embodiment of the present disclosure;

[0017]  FIG. 9 illustrates a reflective light field display system in which the light field display
of FIG. 1 projects light rays to a reflective device located in a physical environment having one or
more cameras disposed therein, wherein the reflective device includes an additional mirror rigidly

attached to the display device, in accordance with an embodiment of the present disclosure;

[0018] FIG. 10 is a perspective view of the display device of FIG. 9, in accordance with an

embodiment of the present disclosure; and

[0019] FIG. 11 is a flow diagram of a method for operating a light field display system, in

accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0020]  One or more specific embodiments of the present disclosure will be described below.
In an effort to provide a concise description of these embodiments, all features of an actual
implementation may not be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve the developers’ specific goals, such as
compliance with system-related and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreciated that such a development effort
might be complex and time consuming, but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill having the benefit of this disclosure.
Further, to the extent that certain terms such as parallel, perpendicular, and so forth are used herein,
it should be understood that these terms allow for certain deviations from a strict mathematical
definition, for example to allow for deviations associated with manufacturing imperfections and

associated tolerances.

[0021] When introducing elements of various embodiments of the present disclosure, the

[T 13
a

articles an,” and “the” are intended to mean that there are one or more of the elements. The
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REINT3

terms “comprising,” “including,” and “having” are intended to be inclusive and mean that there
may be additional elements other than the listed elements. Additionally, it should be understood
that references to “one embodiment™ or “an embodiment” of the present disclosure are not intended
to be interpreted as excluding the existence of additional embodiments that also incorporate the

recited features.

[0022]  The present disclosure relates generally to systems and methods for projecting images
from light field displays based at least in part on positional tracking data (e.g., position, orientation,
and/or movement) of display devices toward which light rays from the light field displays are
projected and/or of humans associated with (e.g., holding) the display devices. This technology
can be used to create special effects by which an image is seen in a mirror but not in the physical
environment. For example, this effect may make an amusement park guest feel as though they are
using a magical object. The magical nature of this effect will be greatly increased if the amusement
park guest is able to hold the mirror in their hands rather than having the mirror mounted in a
stationary position. For this effect to be most successful, it must look correct for many amusement

park guests at the same time.

[0023]  As used herein, the terms “automatic” and “automatically” refer to actions that are
performed by a computing device or computing system (e.g., of one or more computing devices)
without human intervention. For example, automatically performed functions may be performed
by computing devices or systems based solely on data stored on and/or received by the computing
devices or systems despite the fact that no human users have prompted the computing devices or
systems to perform such functions. As but one non-limiting example, the computing devices or
systems may make decisions and/or initiate other functions based solely on the decisions made by

the computing devices or systems, regardless of any other inputs relating to the decisions.

[0024]  As used herein, the terms “real time” and substantially real time” refer to actions that
are performed substantially simultaneously with other actions, without any human-perceptible
delay between the actions. For example, two functions performed in substantially real time occur
within seconds (or even within milliseconds) of each other. As but one non-limiting example, two
functions performed in substantially real time occur within 1 second, within 0.1 second, within

0.01 second, and so forth, of each other.
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[0025] Embodiments of the present disclosure enable systems and methods for projecting
images from light field displays based at least in part on positional tracking data (e.g., position,
orientation, and/or movement) of display devices toward which light rays from the light field
displays are projected and/or of humans associated with (e.g., holding) the display devices.
Specifically, the light field displays described herein are configured to display primary
autostereoscopic images and to simultaneously project (e.g., in real time, while displaying their
own primary autostereoscopic images) light rays toward the display devices (e.g., either reflective
devices or cameras) to display the secondary autostereoscopic images via the display devices. As
described in greater detail herein, the light rays projected from the light field displays are controlled
by a control system based at least in part on the positional tracking data (e.g., position, orientation,
and/or movement) of the display devices and/or of a portion of the humans (e.g., of the human
himself, or of a particular person of the human, such as an eye of the human for eye tracking, a
head of the human for head tracking, and so forth), which may be detected via sensors of the
display devices and/or via cameras disposed about a physical environment within which the
display devices and the humans are located. Specifically, the control system calculates light field
vector functions for light rays to be projected toward each individual display device based at least

in part on positional tracking data for that particular display device and/or its associated human.

[0026] In addition, although described primarily herein as displaying primary autostereoscopic
images and simultaneously projecting light rays toward display devices to display secondary
autostereoscopic images via the display devices, in other embodiments, the light field displays may
instead display primary non-autostereoscopic images and/or project light rays toward the display
devices to display secondary non-autostereoscopic images via the display devices. For example,
in such embodiments, the light field displays may still be capable of displaying different images
in different directions than the display devices, but the angular density of those images could be

lower than needed for autostereoscopic images, as described in greater detail herein.

[0027] FIG. 1 is a schematic diagram of a light field display 10 configured to generate
autostereoscopic images that display objects that appear to be three-dimensional. Although
primarily described herein as being applicable to amusement park attractions, it will be appreciated
that the light field display systems described herein may be extended to other applications that may

benefit from the generation of autostereoscopic images. In addition, although primarily described
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herein as being a single light field display 10, in other embodiments, a plurality of light field
displays 10 may be used in conjunction with each other to perform the light projection described

herein.

[0028]  Asillustrated in FIG. 1, the light field display 10 may include a plurality of pixels 12,
wherein light emanating from each individual pixel 12 has individual three-dimensional
directionality. In particular, in certain embodiments, each individual pixel 12 may be configured
to display any number of images depending on the position of an amusement park guest’s eyes 14
viewing the autostereoscopic images displayed by the light field display 10. For example, in
certain embodiments, each individual pixel 12 may be configured to display hundreds, thousands,
or even more different combinations of light and color depending on the position of an amusement
park guest’s eyes 14 viewing that particular pixel 12. Tt will be appreciated that the number of
pixels 12 displayed as part of the light field display 10 are merely illustrative and that, in actual
implementations, the light field display 10 may include millions of pixels 12, or even more pixels
12.

[0029]  As such, in certain embodiments, a control system 16 may be configured to calculate
the light field (e.g., vector function) that determines how the pixels 12 will emanate light rays to
generate the autostereoscopic images displayed by the light field display 10. Since each individual
pixel 12 generates light rays having individual three-dimensional directionality, the vector function
calculated by the control system 16 may include five-dimensional space (e.g., three-dimensional
space of the individual pixels 12 coupled with three-dimensional directionality) as well as color

and radiance of the light rays themselves.

[0030] In certain embodiments, the control system 16 may include processing circuitry, such
as a processor 18 (e.g., general purpose processor or other processor) and a memory 20, wherein
the processor 18 may execute computer-executable instructions stored in the memory 20 that,
when executed by the processor 18, cause the processor 18 to calculate the light field vector
function, and then to send control signals to the individual pixels 12 of the light field display 10 to
create the light rays that form the light field displayed by the light field display 10. The computer-
executable instructions to perform these functions may be encoded in programs or code stored in

tangible non-transitory computer-readable media, such as the memory 20 and/or other storage. In
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certain embodiments, the processor 18 may be a general-purpose processor, system-on-chip (SoC)
device, an application-specific integrated circuit (ASIC), or some other similar processor

configuration. In certain embodiments, the processor 18 may include more than one processor.

[0031] As described above, the images generated by the light field display 10 are
autostereoscopic. As such, no head-mounted displays are needed to view the images generated by
the light field display 10. However, the embodiment illustrated in FIG. 1 is only one way in which
autostereoscopic images may be generated. For example, FIG. 2 illustrates a reflective light field
display system 22 in which the light field display 10 of FIG. 1 not only generates primary
autostereoscopic images on the light field display 10, but also simultaneously projects (e.g., in real
time, while displaying the autostereoscopic images) light rays 24 that, when reflected off one or
more reflective devices 26 (i.e., display devices, such as mirrors, glossy surfaces, mobile device
screens, and so forth), generate secondary autostereoscopic images on the reflective devices 26,
which may be entirely different from the primary autostereoscopic images generated by the light
field display 10. As such, in addition to the control system 16 directly controlling pixels 12 of the
light field display 10, the control system 16 illustrated in FIG. 2 is also configured to
simultaneously control (e.g., in real time, while controlling the light field display 10 to display its
own primary autostereoscopic images) the light rays 24 projected from the light field display 10,
which may be reflected off the reflective devices 26 to generate secondary autostereoscopic images
on the reflective devices 26. In certain embodiments, each of the reflective devices 26 may consist
essentially of only a mirror with a protective cover disposed on a non-reflective side of the mirror.
Indeed, in certain embodiments, the reflective devices 26 do not include any active display
elements, but rather use only a mirror to reflect light rays 24 generated by the light field display
10.

[0032] As described above, although described primarily herein as displaying primary
autostereoscopic images and simultaneously projecting light rays 24 toward reflective devices 26
to display secondary autostereoscopic images via the reflective devices 26, in other embodiments,
the light field display 10 may instead display primary non-autostereoscopic images and/or project
light rays toward the reflective devices 26 to display secondary non-autostereoscopic images via
the reflective devices 26. For example, in such embodiments, the light field display 10 may still

be capable of displaying different images in different directions than the reflective devices 26, but
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the angular density of those images could be lower than needed for autostereoscopic images, as

described in greater detail herein.

[0033] It will be appreciated that, in order to calculate the light field vector function that
determines the light rays 24 that should be projected from the light field display 10 for any
particular reflective device 26, the control system 16 will need to know at least the position,
orientation, and/or movement of the particular reflective device 26. As such, in certain
embodiments, each reflective device 26 may include one or more position/orientation sensors 28
(e.g., accelerometers, magnetometers, gyroscopes, Global Positioning System (GPS) receivers,
motion tracking sensors such as electromagnetic and solid-state motion tracking sensors, and so
forth) configured to detect a position, orientation, and/or movement of the reflective device 26
relative to a physical environment 30 within which the reflective device 26 is located, and for
which the light field display 10 generates light rays 24. In addition, in certain embodiments, each
reflective device 26 may include communication circuitry 32 configured to facilitate
communication of data relating to a position, orientation, and/or movement of the reflective device
26 relative to the physical environment 30. Specifically, such data may be communicated to the
control system 16 via communication circuitry 34 of the control system 16. As such, the control
system 16 may utilize the data relating to a position, orientation, and/or movement of the particular
reflective device 26 relative to the physical environment 30 to automatically calculate the light
field vector function that determines the light rays 24 that should be projected from the light field
display 10 for the particular reflective device 26. This calculation may be done in substantially
real time with respect to the detection of the position, orientation, and/or movement of the

reflective device 26 relative to the physical environment 30.

[0034] In addition, in certain embodiments, the control system 16 may itself be configured to
detect a position, orientation, and/or movement of the reflective device 26 and/or of an amusement
park guest holding the reflective device 26 relative to a physical environment 30 within which the
reflective device 26 and the amusement park guest holding the reflective device 26 are located.
The control system 16 may utilize data relating to the detected position, orientation, and/or
movement of the reflective device 26 and/or of the amusement park guest holding the reflective
device 26 relative to the physical environment 30 to automatically calculate the light field vector

function that determines the light rays 24 that should be projected from the light field display 10
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for the particular reflective device 26. This automatic calculation by the control system 16 may
be done in substantially real time with respect to the detection of the position, orientation, and/or
movement of the reflective device 26 and/or of the amusement park guest holding the reflective
device 26 relative to the physical environment 30. For example, in certain embodiments, one or
more cameras 36 associated with the control system 16 may be configured to capture images and/or
video of the physical environment 30, and the control system 16 may be configured to analyze the
captured images and/or video of the physical environment 30 to identify the reflective device 26
and/or the amusement park guest holding the reflective device 26 for the purpose of tracking a
position, orientation, and/or movement of the reflective device 26 and/or of the amusement park
guest holding the reflective device 26 relative to the physical environment 30. In particular, the
position, orientation, and/or movement of the reflective device 26 relative to eyes 14 of the
amusement park guest holding the reflective device 26 (e.g., via head-tracking and/or eye-tracking
algorithms executed by the control system 16 with respect to the images and/or video captured by
the one or more cameras 36) is a parameter for calculating an appropriate light field vector function

to project the light rays 24 for the particular reflective device 26.

[0035] In certain embodiments, the processor 18 of the control system 16 may execute
computer-executable instructions stored in the memory 20 of the control system 16 that, when
executed by the processor 18, cause the processor 18 to receive data relating to a position,
orientation, and/or movement of the reflective device 26 and/or of the amusement park guest
holding the reflective device 26 relative to the physical environment 30 from the one or more
position/orientation sensors 28 of the reflective device 26 and/or from the one or more cameras
36, to analyze the data to automatically calculate the light field vector function that determines the
light rays 24 that should be projected from the light field display 10 for the particular reflective
device 26 in substantially real time with respect to the detection of the position, orientation, and/or
movement of the reflective device 26 and/or of the amusement park guest holding the reflective
device 26 relative to the physical environment 30, and then to automatically send control signals
to the light field display 10 to project the light rays 24 in accordance with the calculated light field
vector function such that autostereoscopic images are viewable on the particular reflective device
26 from the perspective of the amusement park guest holding the reflective device 26 in

substantially real time with respect to the calculation of the light field vector function.

10
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[0036]  As such, in certain embodiments, the control system 16 may utilize a combination of
data relating to a position, orientation, and/or movement of a particular reflective device 26 based
on feedback from one or more position/orientation sensors 28 of the particular reflective device 26
and/or data relating to a position, orientation, and/or movement of the particular reflective device
26 and/or of the amusement park guest holding the particular reflective device 26 based on
feedback from one or more cameras 36 of the control system 16 to determine how to calculate the
light field vector function that determines the light rays 24 that should be projected from the light
field display 10 for the particular reflective device 26. As such, the one or more
position/orientation sensors 28 of the reflective devices 26 and/or the one or more cameras 36 of
the control system 16 described herein may function collectively as a three-dimensional tracking
system for tracking position, orientation, and/or movement of the reflective devices 26 and/or of
the amusement park guests holding the reflective devices 26 for the purpose of determining the

light rays 24 that should be projected from the light field display 10 for the reflective devices 26.

[0037] In certain embodiments, the light field vector function calculated by the control system
16 causes the light field display 10 to output only light rays 24 that are intended to be viewed by
the eyes 14 of the particular amusement park guest holding the particular reflective device 26, but
may, for example, show black (e.g., an absence of visible light) from other positions from which
the reflective device 26 is viewed. As such, the autostereoscopic images reflected off the particular
reflective device 26 may be directed to the eyes 14 of the particular amusement park guest holding
the particular reflective device 26, whereas the reflective device 26 may, for example, look like a
surface void of additional imagery provided by the light rays 24 (e.g., a black surface, in certain
instances) when viewed by other amusement park guests from other perspectives. Alternatively,
in certain situations, the autostereoscopic images reflected off the particular reflective device 26
may be directed to the eyes 14 of the particular amusement park guest holding the particular
reflective device 26, whereas the reflective device 26 may reflect other images when viewed by
other amusement park guests from other perspectives. In other words, different perspectives from
different locations relative to a particular reflective device 26 may reflect entirely different images
(or, no additional images provided by the light rays 24). It will be appreciated that the ability of
the light field display 10 to only project light rays 24 to eyes 14 of a particular amusement park
guest holding a particular reflective device 26 enables the light field display 10 to project the

11
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autostereoscopic images displayed via the reflective devices 26 from being recorded by

amusement park guests in an unauthorized manner.

[0038] The embodiment illustrated in FIG. 2 includes only one reflective device 26 being used.
However, in other embodiments, the light field display 10 may be used to project light rays 24 to
multiple reflective devices 26 in a particular physical environment 30. FIG. 3 illustrates a
reflective light field display system 22 in which the light field display 10 of FIG. 1 projects light
rays 24A, 24B to a plurality of respective reflective devices 26A, 26B being held by a plurality of
respective amusement park guests 38A, 38B in a particular physical environment 30. Although
illustrated in FIG. 3 as only including two reflective devices 26 A, 26B being held by two respective
amusement park guests 38A, 38B, it will be appreciated that any number of reflective devices 26
being held by respective amusement park guests 38 may be used in a particular physical

environment 30.

[0039] In embodiments such as those illustrated in FIG. 3, the control system 16 is configured
to distinguish certain amusement park guests 38A from other amusement park guests 38B and to
distinguish certain reflective devices 206A from other reflective devices 26B so that the light field
display 10 can project light rays 24A, 24B to appropriate reflective devices 26A, 26B in the
appropriate manner, as described above with respect to FIG. 2. In certain embodiments, the control
system 16 may be configured to identify (e.g., by analyzing images and/or video of the physical
environment 30 captured by one or more cameras 36, as described in greater detail herein) certain
amusement park guests 38A, 38B based at least in part on facial recognition techniques, clothing
recognition techniques, movement recognition techniques (e.g., to detect identifiable gaits of
particular amusement park guests 38A, 38B), and/or other guest recognition techniques (e.g., via
guest recognition algorithms executed by the control system 16 with respect to images and/or video
captured by one or more cameras 36 of the control system 16), and/or to identify certain reflective
devices 26A, 26B based at least in part on geometric aspects or markings that are present on the
reflective devices 26A, 26B (e.g., via reflective device recognition algorithms executed by the
control system 16 with respect to images and/or video captured by one or more cameras 36 of the

control system 106).

12
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[0040] In certain embodiments where the light field display 10 projects light rays 24 to a
plurality of respective reflective devices 26 being held by a plurality of respective amusement park
guests 38, the light field display 10 may be configured to project the same autostereoscopic images
to every amusement park guest 38 via every reflective device 26 in certain situations.
Alternatively, in other situations, the light field display 10 may only project an autostereoscopic
image to one, or a selected subset, of the amusement park guests 38 via their respective reflective
devices 26. In certain embodiments, only certain amusement park guests 38 may be able to view
autostereoscopic images via their respective reflective devices 26 based on data about the
particular amusement park guests 38. For example, in certain embodiments, the control system 16
may keep track of which amusement park guests 38 are members of certain teams in a game, and
may instruct the light field display 10 to only project autostereoscopic images to reflective devices

26 of amusement park guests 38 that are on a particular team.

[0041]  Asdescribed in greater detail herein, in certain embodiments, primary autostereoscopic
images may be displayed via a light field display 10 while the light field display 10 is also
generating and projecting light rays 24 that are directed toward one or more display devices 26 to
display secondary autostereoscopic images via the one or more display devices 26. As such, the
embodiments described herein may enable a variety of different optical effects that might
otherwise not be possible. For example, in certain embodiments, autostereoscopic images may be
visible when viewing the light field display 10 directly, but not visible when viewed via a reflective
device 26. As anon-limiting illustrative example, as illustrated in FIG. 4, there may be a character
such as a vampire visible when viewing the light field display 10 directly, but that character may
not be seen in the reflective devices 26. In such circumstances, the light rays 24 projected from

the light field display 10 may be disabled.

[0042]  In addition, in certain embodiments, autostereoscopic images may be generated in such
a way that their reflections in the reflective devices 26 align with physical objects in the physical
environment 30. In this way, as illustrated in FIG. 5, the reflective devices 26 may function as a
magic filter showing objects that are not physically located in the physical environment 30 when
held in proximity to the object in the physical environment 30 (e.g., an x-ray view 40 through a
physical wall 42). In such embodiments, a half-mirror (e.g., partially reflective and partially

transparent) may be used as the reflective device 26. In other words, in certain embodiments, only

13
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part of a reflective device 26 may be reflective, whereas some light may also pass through the

reflective device 26.

[0043]  In addition, in certain embodiments, autostereoscopic images may be generated in such
a way that their reflections in the reflective devices 26 appear to be a physical space that is attached
to the reflective device 26. For example, as illustrated in FIG. 6, in certain embodiments, the
amusement park guest 38 holding the particular reflective device 26 may perceive the reflection
of the light rays 24 projected from the light field display 10 as a three-dimensional space inside of
a box 44 on the back side of the reflective device 26 (e.g., which may be of much larger size than
the reflective device 26 itself). The amusement park guest 38 holding the particular reflective
device 26 may be able to interact with these images using an input device 46 (e.g., a touch screen)
on the reflective device 26 (see, e.g., FIG. 2). In addition, in certain embodiments, small digital
objects 48 appearing to be in the box on the backside of the reflective device 26 may move around
(e.g., as illustrated by arrow 50) based on a physics simulation performed by the control system
16 based on the orientation of the particular reflective device 26, which may be detected by the
one or more position/orientation sensors 28 of the reflective device 26, as described in greater

detail herein.

[0044]  In addition, although described primarily herein as displaying primary autostereoscopic
images and simultaneously projecting light rays 24 toward reflective devices 26 to display
secondary autostereoscopic images via the reflective devices 26, in other embodiments, the light
field display 10 may instead display primary non-autostereoscopic images and/or project light rays
toward the reflective devices 26 to display secondary non-autostereoscopic images via the
reflective devices 26. For example, in such embodiments, the light field display 10 may still be
capable of displaying different images in different directions than the reflective devices 26, but the
angular density of those images could be lower than needed for autostereoscopic images, as

described in greater detail herein.

[0045]  In addition, in certain embodiments, the control system 16 may calculate the light field
vector function described herein such that the light rays 24A, 24B are reflected off of multiple

reflective devices 26A, 26B in a particular sequence. In this way, the effect may still work when

14
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an amusement park guest 38 views a reflection of a reflection. FIG. 7 illustrates how each

reflection on the various reflective devices 26A, 26B may vary.

[0046] Returning now to FIG. 3, it will be appreciated that occlusions between the light field
display 10 and the display devices 26 described herein may happen as the amusement park guests
38 move their respective display devices 26 around the physical environment 30, as well as when
the other amusement park guests 38 move around the physical environment 30 themselves. When
the light rays 24 being projected to the display devices 26 are interrupted (e.g., physically blocked)
by amusement park guests 38 and/or other display devices 26 from reaching their intended display
devices 26, the immersion of the experience may be broken and/or the amusement park guests 38
may become frustrated since they no longer see a stereoscopic image via their respective display

devices 26.

[0047]  In certain embodiments, the control system 16 may predict when an occlusion is about
to happen based on the detected position, orientation, and/or movement of the reflective devices
26 and/or of the amusement park guests holding the display devices 26. In certain embodiments,
after a prediction of an upcoming occlusion with respect to a particular display device 26 occurs,
and before the occlusion actually happens on the particular display device 26, the control system
16 may cause the light field display 10 to project light rays 24 that display images to the amusement
park guest 38 holding the particular display device 26 to justify or explain the upcoming occlusion.
For example, the images that are displayed may include decorative static (e.g., magic particles,
statics, and so forth) that fits with the visual aesthetic of an amusement park attraction that includes
the physical environment 30. In other words, the control system 16 may generate a presentation
that contextualizes the interruption in a way that is consistent with immersion in the themed
environment. As a specific example, when an imminent occlusion is predicted by the control
system 16, a character being presented for display may provide some indication that he is about to
magically disappear (e.g., in a magic themed scenario) or that technical difficulties are arising

(e.g., in a science fiction themed scenario).

[0048] In certain embodiments, after a prediction of an upcoming occlusion with respect to a
particular display device 26 occurs, and before the occlusion actually happens on the particular

display device 26, the control system 16 may cause the light field display 10 to project light rays
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24 that display images (e.g., directional arrows, instructional messages, and so forth) to instruct
the amusement park guest 38 holding the particular display device 26 as to what direction they
will need to move the particular display device 26 to avoid the occlusion. In certain embodiments,
a message may be displayed on some other display device attached to the particular display device
26 after the occlusion occurs. For example, in certain embodiments, a liquid crystal display (LCD)
may be placed behind a particular (e.g., partially transparent) display device 26, and may only be
turned on (e.g., based on a control signal received from the control system 16) when an occlusion
occurs, for example, to show an arrow pointing in the direction that the particular display device

26 can be moved to undo the occlusion.

[0049] Due to relatively limited update rates of the tracking system (e.g., the
position/orientation sensors 28 and/or the one or more cameras 36) and the light field display 10
described herein, if the display device 26 or the amusement park guest 38 holding the display
device 26 move relatively quickly, the images may stop appearing in the display device 26 since
the display device 26 has left the area to which images are being projected. In certain
embodiments, to help avoid or at least mitigate this issue, the light field display 10 may project the
light rays 24 to a wider area than the display device 26 actually takes up. This solution may give

some extra space for the display device 26 to move before the update needs to occur.

[0050] In addition, in general, the position, orientation, and/or movement of the display device
26 generally needs to be tracked in substantially real time so that the correct images may be
directed toward the display device 26 by the light field display 10. Generally speaking, an ideal
tracking solution has a minimum number of extra components (e.g., in addition to the light field
display 10 and the display device 26). In particular, while there are many possible solutions for
tracking the position, orientation, and/or movement of an object in substantially real time, many
of these solutions require extra components (e.g., markers, position/orientation sensors, and so
forth) to be directly attached to the tracked object. These extra components are generally
undesirable since they increase the size, cost, and complexity of the system. In addition, certain

optical solutions struggle to track reflective surfaces such as mirrors.

[0051] The embodiments described herein take advantage of the light field display 10 and the

mirrored nature of the display devices 26 described herein to reduce the cost and complexity of
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the tracking system. In particular, in certain embodiments, one or more cameras may be positioned
in the space at fixed and known locations. FIG. 8 illustrates a reflective light field display system
22 in which the light field display 10 of FIG. 1 projects light rays 24 to a reflective device 26
located in a physical environment 30 having one or more cameras 52 disposed therein. As
illustrated in FIG. 8, some of the light rays 24 projected from the light field display 10 will bounce
oft a mirror 54 (e.g., a main, or primary, reflective surface) of the display device 26 as reflected
light rays 56, which are then received by the one or more cameras 52. In particular, as illustrated
in FIG. 8, in certain embodiments, the light rays 24 that are projected from the light field display
10 may reflect off the mirror 54 of the display device 26 in a plurality of directions toward a
plurality of cameras 52A, 52B, 52C, 52D as respective reflected light rays S6A, 56B, 56C, 56D.
Although illustrated in FIG. 8 as including four cameras 52A, 52B, 52C, 52D disposed in the
physical environment 30, it will be appreciated that any number of cameras 52 may be used in a
particular physical environment 30. Each camera 52 may communicate data relating to their
respective received light rays 56, which are which are reflected off the mirror 54 of the display
device 26, to the control system 16. To enable this communication with the control system 16,

each camera 52 may include communication circuitry 58 included therein.

[0052]  The control system 16 may then identify the received light rays 56 for each respective
camera 52 by way of color, brightness, time sequence, or special patterns included in the data
received from the respective camera 52. In particular, for each set of received data, the control
system 16 may calculate the intersection of a light ray 24 projected from the light field display 10
(e.g., as generated based on control signals generated by the control system 16) and a light ray 56
received by the respective camera 52 (e.g., as reflected off the mirror 54 of the display device 26).
Aswill be appreciated, the intersection point between the light ray 24 projected from the light field
display 10 and the light ray 56 received by the respective camera 52 rests on the surface of the
mirror 54 of the display device 26. By performing this calculation for at least three points, the
surface of the mirror 54 of the display device 26 may be determined by the control system 16 in
the three-dimensional space of the physical environment 30. In certain embodiments, to identify
the edges of the mirror 54 of the display device 26, many more intersection points may be
calculated by the control system 16 to “fill in” the area of the mirror 54 of the display device 26.

By calculating the plane of the mirror 54 of the display device 26, the position, orientation, and/or
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movement of each of the mirror 54 of the display device 26 may be calculated by the control

system 16.

[0053] In an alternative embodiment, one or more additional mirrors may be rigidly attached
to the main mirror 54 of the display device 26. FIG. 9 illustrates a reflective light field display
system 22 in which the light field display 10 of FIG. 1 projects light rays 24 to a reflective device
26 located in a physical environment 30 having one or more cameras 52 disposed therein, wherein
the reflective device 26 includes one or more additional mirrors 60 (e.g., additional, or secondary,
reflective surfaces) rigidly attached to the display device 26. FIG. 10 is a perspective view of the
display device 26 of FIG. 9. As illustrated in FIG. 10, in certain embodiments, each additional
mirror 60 rigidly attached to the display device 26 may be angled slightly relative to the main
mirror 54 of the display device 26. As illustrated in FIG. 9, similar to the embodiment illustrated
in FIG. 8, some of the light rays 24 projected from the light field display 10 will bounce off the
additional mirror(s) 60 of the display device 26 as reflected light rays 56, which are then received

by the one or more cameras 52.

[0054]  The control system 16 may then identify the received light rays 56 for each respective
camera 52 by way of color, brightness, time sequence, or special patterns included in the data
received from the respective camera 52. In particular, for each set of received data, the control
system 16 may calculate the intersection of a light ray 24 projected from the light field display 10
(e.g., as generated based on control signals generated by the control system 16) and a light ray 56
received by the respective camera 52 (e.g., as reflected off the additional mirror(s) 60 of the display
device 26). As described above, the intersection point between the light ray 24 projected from the
light field display 10 and the light ray 56 received by the respective camera 52 rests on the surface
of the additional mirror(s) 60 of the display device 26. By performing this calculation for at least
three points, the surface(s) of the additional mirror(s) 60 of the display device 26 may be
determined by the control system 16 in the three-dimensional space of the physical environment
30. In certain embodiments, to identify the edges of the additional mirror(s) 60 of the display
device 26, many more intersection points may be calculated by the control system 16 to “fill in”

the area of the additional mirror(s) 60 of the display device 26.
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[0055] By calculating the plane(s) of each of the additional mirror(s) 60 of the display device
26, the position, orientation, and/or movement of each of the additional mirror(s) 60 may be
calculated by the control system 16. Then, using the position, orientation, and/or movement of the
additional mirror(s) 60 of the display device 26, the control system 26 may in turn determine the
position, orientation, and/or movement of the associated main mirror 54 of the display device 26.
Indeed, in certain embodiments, the control system 16 may use the specific arrangement of the
mirror planes of the additional mirror(s) 60 to uniquely identify the particular display device 26.
For example, in such embodiments, each display device 26 located in the physical environment 30
may have a unique combination of additional mirror(s) 60 and/or a unique combination of
positions and orientations of the additional mirror(s) 60 relative to the associated main mirror 54
such that the display device 26 may be uniquely identified by the control system 16 based on

identification of the additional mirror(s) 60.

[0056] FIG. 111is a flow diagram of a method 62 for operating the light field display system 22
described herein. As illustrated in FIG. 11, in certain embodiments, the method 62 includes
displaying, via one or more light field displays 10, primary autostereoscopic images (block 64).
In addition, in certain embodiments, the method 62 includes detecting, via one or more cameras
52, light rays 56 reflected off one or more display devices 26 (block 66). In addition, in certain
embodiments, the method 62 includes determining, via a control system 16, a position, orientation,
and/or movement of one or more display devices 26 in a physical environment 30 based at least in
part on the light rays 56 detected by the one or more cameras 52 (block 68). In addition, in certain
embodiments, the method 62 includes calculating, via the control system 16, respective light field
vector functions for light rays 24 projected by the one or more light field displays 10 toward the
one or more display devices 26 based at least in part on the determined position, orientation, and/or
movement of the one or more display devices 26 in the physical environment 30 (block 70). In
addition, in certain embodiments, the method 62 includes causing, via the control system 16, the
one or more light field displays 10 to project subsequent light rays 24 toward the one or more
display devices 26 in accordance with the respective calculated light field vector functions to
display subsequent secondary autostereoscopic images via the one or more display devices 26
(block 72).
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[0057] While only certain features have been illustrated and described herein, many
modifications and changes will occur to those skilled in the art. It is, therefore, to be understood
that the appended claims are intended to cover all such modifications and changes as fall within

the true spirit of the disclosure.

[0058] The techniques presented and claimed herein are referenced and applied to material
objects and concrete examples of a practical nature that demonstrably improve the present
technical field and, as such, are not abstract, intangible or purely theoretical. Further, if any claims
appended to the end of this specification contain one or more elements designated as “means for
[perform]ing [a function]...” or “step for [perform]ing [a function]...”, it is intended that such
elements are to be interpreted under 35 U.S.C. § 112(f). However, for any claims containing
elements designated in any other manner, it is intended that such elements are not to be interpreted

under 35 U.S.C. § 112(f).
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CLAIMS:

1. A light field display system, comprising:
one or more light field displays configured to display primary autostereoscopic images and
to project light rays toward one or more display devices to display secondary autostereoscopic
images via the one or more display devices;
one or more cameras configured to detect light rays reflected off the one or more display
devices; and
a control system configured to:
determine a position, orientation, and/or movement of the one or more display
devices in a physical environment based at least in part on the light rays detected by the
one or more cameras,
calculate respective light field vector functions for the light rays projected by the
one or more light field displays toward the one or more display devices based at least in
part on the determined position, orientation, and/or movement of the one or more display
devices in the physical environment; and
cause the one or more light field displays to project subsequent light rays toward
the one or more display devices in accordance with the respective calculated light field
vector functions to display subsequent secondary autostereoscopic images via the one or

more display devices.

2. The light field display system of claim 1, wherein the one or more cameras are
configured to detect the light rays reflected off respective primary reflective surfaces of the one or
more display devices.

3. The light field display system of claim 1, wherein the one or more cameras are
configured to detect the light rays reflected off one or more secondary reflective surfaces rigidly

attached to the one or more display devices.

4. The light field display system of claim 1, wherein the control system is configured

to determine the position, orientation, and/or movement of the one or more display devices in the
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physical environment by determining intersection points between the light rays projected from the

one or more light field displays and the light rays reflected off the one or more display devices.

5. The light field display system of claim 1, wherein the control system is configured
to identify the light rays reflected off the one or more display devices based on color, brightness,

time sequence, or special patterns in the light rays reflected off the one or more display devices.

6. The light field display system of claim 1, wherein subsequent secondary
autostereoscopic images displayed on a display device of the one or more display devices are
configured to be visible to eyes of a human associated with the display device, and are configured

to appear black from other positions relative to the display device.

7. The light field display system of claim 1, wherein the control system is configured
to cause the one or more light field displays to project the subsequent light rays toward the one or
more display devices only if one or more humans associated with the one or more display devices

meet certain requirements.

8. The light field display system of claim 1, wherein the control system is configured
to cause the subsequent secondary autostereoscopic images to be displayed on the one or more

display devices aligned with physical objects in the physical environment.

9. The light field display system of claim 1, wherein the subsequent secondary
autostereoscopic images displayed on each display device of the one or more display devices

appear to be disposed in a physical space attached to the display device.
10.  Thelight field display system of claim 1, wherein the control system is configured

to cause the one or more light field displays to project the subsequent light rays toward the one or

more display devices in a sequence.
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11.  Thelight field display system of claim 1, wherein the control system is configured
to:

predict an upcoming occlusion between the one or more light field displays and a display
device of the one or more display devices based at least in part on the position, orientation, and/or
movement of the one or more display devices in the physical environment, and

adjust the subsequent light rays projected from the one or more light field displays to the

display device prior to the occlusion to justify or explain the upcoming occlusion.

12. A method, comprising;

displaying, via one or more light field displays, primary autostereoscopic images;

detecting, via one or more cameras, light rays reflected off one or more display devices;

determining, via a control system, a position, orientation, and/or movement of the one or
more display devices in a physical environment based at least in part on the light rays detected by
the one or more cameras;

calculating, via the control system, respective light field vector functions for light rays
projected by the one or more light field displays toward the one or more display devices based at
least in part on the determined position, orientation, and/or movement of the one or more display
devices in the physical environment; and

causing, via the control system, the one or more light field displays to project subsequent
light rays toward the one or more display devices in accordance with the respective calculated light
field vector functions to display subsequent secondary autostereoscopic images via the one or more

display devices.

13.  The method of claim 12, comprising detecting, via the one or more cameras, the

light rays reflected off respective primary reflective surfaces of the one or more display devices.
14.  The method of claim 12, comprising detecting, via the one or more cameras, the

light rays reflected off one or more secondary reflective surfaces rigidly attached to the one or

more display devices.
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15.  The method of claim 12, wherein determining, via the control system, the position,
orientation, and/or movement of the one or more display devices in the physical environment
comprises determining intersection points between the light rays projected from the one or more

light field displays and the light rays reflected off the one or more display devices.

16.  The method of claim 12, comprising identifying, via the control system, the light
rays reflected off the one or more display devices based on color, brightness, time sequence, or

special patterns in the light rays reflected off the one or more display devices.

17.  The method of claim 12, comprising causing, via the control system, the one or
more light field displays to project the subsequent light rays toward the one or more display devices
only if one or more humans associated with the one or more display devices meet certain

requirements.

18.  The method of claim 12, comprising causing, via the control system, the one or
more light field displays to project the subsequent light rays toward the one or more display devices

in a sequence.

19.  The method of claim 12, comprising;

predicting, via the control system, an upcoming occlusion between the one or more light
field displays and a display device of the one or more display devices based at least in part on the
position, orientation, and/or movement of the one or more display devices in the physical
environment, and

adjusting, via the control system, the subsequent light rays projected from the one or more
light field displays to the display device prior to the occlusion to justify or explain the upcoming

occlusion,

20.  Alight field display system, comprising:
one or more light field displays configured to display primary autostereoscopic images and
to project light rays toward one or more display devices to display secondary autostereoscopic

images via the one or more display devices; and
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a control system configured to:

determine a position, orientation, and/or movement of the one or more display
devices in a physical environment based at least in part on light rays reflected off the one
or more display devices,

calculate respective light field vector functions for light rays projected by the one
or more light field displays toward the one or more display devices based at least in part
on the determined position, orientation, and/or movement of the one or more display
devices in the physical environment; and

cause the one or more light field displays to project subsequent light rays toward
the one or more display devices in accordance with the respective calculated light field
vector functions to display subsequent secondary autostereoscopic images via the one or

more display devices.
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