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WEARABLE VISUALIZATION SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit of U.S. Provisional
Application No. 62/791,735, entitled “AUGMENTED REALITY (AR) HEADSET FOR
HIGH THROUGHPUT ATTRACTIONS;,” filed January 11, 2019, which 1s hereby

incorporated by reference 1n 1ts entirety for all purposes.
BACKGROUND

[0002] This section 1s 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 1s 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, 1t should be understood that these statements are to be read 1n this

light, and not as admissions of prior art.

[0003] Amusement parks and/or theme parks entertain guests with an assortment of
entertainment attractions, restaurants, and rides. For example, amusement parks may
include flat rides, roller coasters, water rides, dark rides, Ferris wheels, among others.
Amusement park operators are continuously working to enhance the amusement park
experience, including the ride vehicle experience. For example, ride vehicles, ride paths,
as well as other elements of the ride system, such as lights, speakers, interactive elements,
and specialized environments, are continuously upgraded to provide an ever more
enhanced sensory experience. Amusement park operators are also incorporating
augmented reality and virtual reality into attractions to provide a more interesting and

Immersive experience.
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SUMMARY

[0004] A summary of certain embodiments disclosed herein 1s set forth below. It should
be understood that these aspects are presented merely to provide the reader with a brief
summary of these certain embodiments and that these aspects are not intended to limit the
scope of this disclosure. Indeed, this disclosure may encompass a variety of aspects that

may not be set forth below.

[000S] In one embodiment, a wearable visualization system that includes a wearable
visualization device. The wearable visualization device includes a housing. A display
couples to the housing that displays an i1mage for a user. A camera couples to the housing
and captures the 1mage. A computer system receives the image from the camera and
compares the image to a master image to determine 1f the image matches the master

1mage.

[0006] In one embodiment, a method of calibrating a wearable visualization system. The
method includes detecting an orientation of a wearable visualization device. The method

then captures an 1mage produced on a display of the wearable visualization device with a

camera. The method may then determine a master image 1n response to the orientation of
the wearable visualization device. The method compares the image to the master image

to determine 1f the image matches the master image.

[0007] In one embodiment, a method of calibrating a wearable visualization system. The
method includes detecting an operation of a wearable visualization device. The method
then captures a test image produced on a display of the wearable visualization device
with a camera. The method compares the test image captured by the camera to a master

1mage to determine 1f the test image matches the master image.

[0008] 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
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these various aspects as well. These refinements and additional features may exist

individually or in any combination.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description 1s read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0010] FIG. 1 1s a perspective view of a wearable visualization system, 1n accordance

with an embodiment of the present disclosure;

[0011] FIG. 2 1s a rear view of the wearable visualization system of FIG. 1, in

accordance with an embodiment of the present disclosure;

[0012] FIG. 3 1s a view of a rnde with the wearable visualization system, 1n accordance

with an embodiment of the present disclosure;

[0013] FIG. 4 1s a flowchart of a method for testing a wearable visualization system

prior to the start of a ride, 1in accordance with an embodiment of the present disclosure;

[0014] FIG. 51s a flowchart of a method for calibrating a wearable visualization

system during a ride, 1n accordance with an embodiment of the present disclosure; and

[0015] FIG. 6 1s a flowchart of a method for calibrating a wearable visualization
system during a ride, wherein the method includes capturing an 1tmage on a user’s eye, 1n

accordance with an embodiment of the present disclosure.
DETAILED DESCRIPTION

[0016] One or more specific embodiments will be described below. In an effort to

provide a concise description of these embodiments, not all features of an actual
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implementation are 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, 1t 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.

[0017] When introducing elements of various embodiments of the present disclosure,

27 L

the articles “a,” “an,” and “the” are intended to mean that there are one or more of the

elements. The terms “comprising,” “including,” and “having” are intended to be
inclusive and mean that there may be additional elements other than the listed elements.
Additionally, 1t 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.

[0018] Present embodiments relate to wearable visualization systems that provide
enhanced experiences for guests of an amusement park or theme park. Specifically, these
wearable visualization systems provide an augmented reality and/or virtual reality
(AR/VR) experience by way of wearable visualization devices. For example, the
wearable visualization devices may include a head mounted display (e.g., electronic
ogoggles or displays, eyeglasses), which may be worn by a guest and may be configured to
enable the guest to view AR/VR scenes. In particular, the wearable visualization device
may be utilized to enhance a guest experience by virtually overlaying features in a real-
world environment of the amusement park, by providing adjustable virtual environments
to provide different experiences 1n an amusement park ride (e.g., closed-loop track, dark

ride, or other similar ride), and so forth.
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[0019] Because the wearable visualization device 1s typically worn by a guest, a ride
operator may be unaware of undesirable behavior or the condition of the wearable
visualization device. For example, the ride operator may not be aware of problems, such
as smudges on displays, reduction i1n brightness of the displays, malfunctioning pixels
(e.g., stuck pixels, dead pixels), stuttering images, dropped frames, incorrect image
production, incorrect image coloring, no 1mage production, incorrect timing of 1mage
production, incorrect alignment between screen portions (e.g., left and right screens),
incorrect alignment with a real-world environment, among others. As will be explained
below, the wearable visualization system enables the detection of problems with the
wearable visualization devices using cameras. For example, the cameras capture images
produced by or on displays of the wearable visualization devices. The wearable
visualization system compares these captured images to master images to detect
discrepancies that indicate a problem with the wearable visualization device. The ride
operator may then be alerted to the problem, and may therefore be able to respond rapidly

(e.g., replace, troubleshoot the wearable visualization device).

[0020] FIG. 1 1s a perspective view a wearable visualization system 10 that enables a
user to experience AR and/or VR scenes. The wearable visualization system 10 includes
a wearable visualization device 12 (e.g., a head mounted display) that couples to a user.
In some embodiments, the wearable visualization device 12 couples to the user with a hat
or band that wraps around the user’s head. In FIG. 1, the wearable visualization device

12 couples to the user with a band or strap 14.

[0021] In the illustrated embodiment, the wearable visualization device 12 includes
electronic eyeglasses 16 (e.g., AR/VR eyeglasses, goggles) that couple to a housing 18 of
the wearable visualization device 12. The electronic eyeglasses 16 may include one or
more displays 20 (e.g., transparent, semi-transparent, opaque; left and right displays) onto
which certain virtual 1images may be overlaid. In some embodiments, the displays 20
may enable the user to view a real-world environment 22 through the displays 20 along

with virtual features 24 (e.g., AR features). In other words, the electronic eyeglasses 16
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may at least partially control a view of the user by overlaying the virtual features 24 in a
line of sight of the user. The displays 20 may include transparent (e.g., see-through) or

non-transparent displays that include light emitting diodes (LEDs) or organic light
emitting diodes (OLEDs).

[0022] In some embodiments, the wearable visualization device 12 may completely
control the view of the user (e.g., using opaque viewing surfaces). This surreal
environment 26 seen by the viewer may be a real-time video that includes real-world
1mages of a real-world environment 22 that have been electronically merged with one or
more virtual features 24 (e.g., VR features). The user may therefore perceive the surreal
environment 26 to be the real-world environment 22 overlaid with virtual features 24. In
some embodiments, the wearable visualization device 12 may include features, such as
light projection features, that project light into one or both eyes of the user so that certain
virtual features 24 are superimposed over real-world objects viewable by the user. Such

a wearable visualization device 12 may be referred to as a virtual retinal display.

[0023] The user may wear the wearable visualization device 12 on an amusement park
ride, at a game, and/or 1n a particular area of the amusement park (e.g., in a themed area
of the amusement park). In order to receive the images for the displays 20, the wearable
visualization device 12 may couple to a controller or computer system 28 with a wired
and/or wireless connection. For example, the wearable visualization device 12 may
couple to the computer system 28 with a cable 30 and/or with a wireless
transmitter/receiver 32. In embodiments where communication 1s via wireless
connection the connection may be formed with wireless local area networks (WLAN),
wireless wide area networks (WWAN), near field communication (NFC), cellular

network, among others.

[0024] It should be understood that the computer system 28 may not be remotely
located from the wearable visualization device 12. For example, the computer system 28

may be imbedded 1n or directly coupled to the housing 18 of the wearable visualization
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device 12. The wearable visualization device 12 may be integrated into an amusement
park ride. The wearable visualization device 12 may therefore be physically coupled to
(e.g., tethered via the cable 30) to a structure (e.g., a ride vehicle of the amusement park
ride) to block separation of the wearable visualization device 12 from the structure, as
well as to electronically couple 1t to the computer system 28, which may be coupled to

the ride vehicle or other pieces of ride infrastructure.

[0025] The computer system 28 includes a processor 34 and a memory 36. The
processor 34 may be a microprocessor that executes software for displaying images on
the displays 20. The processor 34 may include multiple microprocessors, one or more
“general-purpose’” microprocessors, one or more special-purpose microprocessors, and/or
one or more application specific integrated circuits (ASICs), field-programmable gate
arrays (FPGAs), or some combination thereof. For example, the processor 34 may

include one or more reduced 1nstruction set computer (RISC) processors.

[0026] The memory 36 may include a volatile memory, such as random access
memory (RAM), and/or a nonvolatile memory, such as read-only memory (ROM). The
memory 36 may store a variety of information and may be used for various purposes.
For example, the memory 36 may store images (e.g., test or master images, scenes, VR
reality objects, AR objects), and processor executable instructions, such as firmware or
software, for the processor 34 to execute. The memory 36 may include ROM, flash
memory, a hard drive, or any other suitable optical, magnetic, or solid-state storage
medium or a combination thereof. The memory 36 may store data, instructions, and any

other suitable data.

[0027]  As explained above, because the wearable visualization device 12 1s typically
worn by a guest, the ride operator may be unaware of undesirable behavior or the
condition of the wearable visualization device 12. For example, the ride operator may
not be aware of problems, such as smudges on the displays 20, reduction 1n brightness of

the displays 20, malfunctioning pixels (e.g., stuck pixels, dead pixels), incorrect
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alignment between screen portions (e.g., left and right screens). The ride operator may
also not be aware of problems with the displays 20 that occur during the ride. For
example, the ride operator may not be aware of stuttering images, dropped frames,
incorrect image production, incorrect image coloring, no 1mage production, incorrect
timing of 1image production, incorrect alignment with a real-world environment, among
others. In order to detect problems with the displays 20 and/or images on the displays 20,
the wearable visualization device 12 may include one or more cameras 38 that capture the
1mage(s) provided to the rider or user of the wearable visualization device 12. The
captured 1mage 1s then sent to the computer system 28 for processing and/or comparison
to the master or correct image(s) that should be displayed on the displays 20 (e.g., visible
to the user). The comparison enables the computer system 28 to detect display problems
and to correct those problems automatically and/or flag an operator for maintenance
operations (e.g., inspection, cleaning, or replacement). For example, after the computer
system 28 detects a problem and 1s unsuccessful 1n correcting the problem, the computer
system 28 may activate a light 40, a speaker 42, or a combination thereof to notify the
operator of a problem. In response, the operator may inspect, clean, and/or replace the

wearable visualization device 12

[0028] FIG. 2 1s a rear view of the wearable visualization device 12 of FIG. 1. As
explained above, the wearable visualization device 12 includes one or more cameras 38
(e.g., color camera, gray scale camera; optical detector). These cameras 38 may be
forward facing in a direction 60 toward the displays 20 and/or rearward facing in
direction 62 towards the wearer or user. For example, there may be both forward and
rearward facing cameras 38. The forward facing cameras 38 are positioned to see the
actual 1mage(s) generated on the displays 20. The rearward facing cameras 38 are
positioned to capture image(s) in the user’s eyes. The cameras 38 may be positioned on
wings or sides 64 of the housing 18 or centrally located on the housing 18. In FIG. 2,
three cameras 38 are 1llustrated, but 1t should be understood that there may a different

number of cameras 38 (e.g., 1, 2, 3, 4, 5 or more). For example, the wearable
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visualization device 12 may include a camera 38 for each display 20 or user’s eye.
However, in some embodiments the wearable visualization device 12 may have only one
camera 38. For example, a single centrally located camera 38 (e.g., wide angle camera)
with a field of view sufficient to see and capture image(s) on all of the displays 20. In
some embodiments, the wearable visualization device 12 may include lights 65 (e.g.,
infrared lights) that illuminate the user’s eye(s) to enable the camera 38 to capture the

1mage reflected in the user’s eye(s).

[0029] In addition to the cameras 38, the wearable visualization device 12 may also
include a tracking system 66 with multiple sensors 68. These sensors 68 enable the
tracking of the position and orientation of the wearable visualization device 12, and
therefore the position and orientation of the displays 20. The ability to determine where a
user 1s looking with the wearable visualization device 12 enables the computer system 28
to 1dentify discrepancies between what the user 1s seeing 1n the displays 20, when looking
1n a particular direction, and what the user should be seeing 1n the displays 20, when
looking 1n that direction. The sensors 68 may also detect when the wearable visualization
device 12 1s not 1n use, thus enabling the computer system 28 to run (e.g., automatically
run) diagnostics tests between uses (e.g., between the end of a ride and the start of the
next one). For example, the sensors 68 may include a position sensor (e.g., Hall-effect
sensor) and/or an orientation sensor (e.g., inertial measurement unit [IMU]). The
computer system 28 may receive signals from the sensors 68 indicate that the wearable
visualization device 12 1s stored 1in a storage location (e.g., container). In particular, the
position sensor may detect that the wearable visualization device 12 within a threshold
distance of and/or 1n contact with a surface of the container and/or the orientation sensor
may detect that the wearable visualization device 12 1s oriented relative to a gravity
vector 1n a manner that 1s consistent with the wearable visualization device 12 being
stored 1n the container. Then, the computer system 28 may automatically run or initiate
the diagnostics tests in response to the computer system 28 determining that the wearable

visualization device 12 1s stored in the container. The computer system 28 may
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automatically run or initiate the diagnostics tests at other times, such as 1n response to the
ride vehicle and/or the wearable visualization device 12 entering the unloading zone or
other area of the attraction in which the wearable visualization device 12 1s not used to
present virtual features to the user. The one or more sensors 68 may include any suitable
orientation and/or position sensors (€.g., accelerometers, magnetometers, gyroscopes,
Global Positioning System [GPS] receivers), motion tracking sensors (e.g.,
electromagnetic and solid-state motion tracking sensors), inertial measurement units
(IMU), presence sensors, and others. In addition, the one or more sensors 68 and/or the
computer system 28 may also track operation information of a ride vehicle, including but
not limited to, position, yaw, pitch roll, and velocity of the ride vehicle and coordinate

that information to the images that should be produced on the displays 20.

[0030] FIG. 3 1s a view of a nde 90 with a rnde vehicle 92. The ride 90 includes a
vehicle path (e.g., a closed-loop track or a system of closed-loop tracks 94). The tracks
94 may be provided as an infrastructure on which the ride vehicle 92 may travel with
passengers 96 (e.g., users). It should be appreciated that the ride 90, ride vehicle 92,
number of passengers 96 are exemplary and may differ between embodiments. As the
ride vehicle 92 travels along the tracks 94, the passengers 96 may be provided a moving
tour of scenery (e.g., themed environment that may include fixed equipment, building
layouts, props, decorations, and so forth corresponding to the theme). The scenery may
include the environment surrounding the ride 14 and/or the environment within an

infrastructure that may fully or partially house the ride 14.

[0031] In order to enhance the ride experience, the ride 90 incorporates the wearable
visualization devices 12 of the wearable visualization system 10. As the ride vehicle 92
travels along the tracks 94, the wearable visualization system 10 may coordinate AR/VR
1mages or features, such as AR/VR objects that are shown to the passengers 96 on the
displays 20 of the wearable visualization devices 12. These AR/VR objects may change
as the user changes the orientation of the wearable visualization devices 12 while on the

ride. For example, the passenger 96 may change the orientation of the wearable

10
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visualization devices 12 by turning their head and moving their head up and down. The
AR/VR objects may also change as the ride vehicle 92 changes physical position (e.g.,
rotates, rolls, moves along tracks 94). The AR/VR objects may also change for stationary
rides as well 1n response to a designated timeline for the ride (e.g., storyline). These
changes are provided by the computer system 28 to the displays 20 of the wearable
visualization devices 12. As explained above, the computer system 28 may couple to the
wearable visualization devices 12 with a wired and/or wireless connection. In FIG. 3, the
wearable visualization devices 12 couple to the ride vehicle 92 with one or more cables
30 that provide electronic communication to the computer system 28. The computer
system 28 may coordinate visual and/or sound presentations provided to the passengers
96 wearing the wearable visualization devices 12 through these cables 30. These cables
30 may also provide feedback to the computer system 28 on the operation of the wearable

visualization devices 12.

[0032] As explained above, a ride operator may be unaware of undesirable behavior or
the condition of the wearable visualization device 12. For example, the nnde operator may
not be aware of problems, such as smudges on the displays 20, reduction 1n brightness of
the displays 20, malfunctioning pixels (e.g., stuck pixels, dead pixels), incorrect
alignment between screen portions (e.g., left and right screens). The ride operator may
also not be aware of problems with the displays 20 that occur during the ride. For
example, the ride operator may not be aware of stuttering images, dropped frames,
incorrect image production, incorrect image coloring, no 1mage production, incorrect
timing of 1image production, incorrect alignment with a real-world environment, among
others. The computer system 28 1s able to detect these problems through feedback from
cameras 38 (FIGS. 1 and 2) coupled to the wearable visualization devices 12. For
example, the computer system 28 may continuously check the operation of the wearable
visualization devices 12 during a ride using feedback from the cameras 38. In another
embodiment, the computer system 28 may periodically check the operation of the

wearable visualization devices 12 by requesting feedback from the cameras 38 at specific

11
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locations on the ride 90. For example, the computer system 28 may receive feedback
when the ride vehicle 92 reaches points A, B, and C along the track 94. For stationary
rides, the computer system 28 may receive feedback at certain time points as measured

from a specific time point (e.g., start of the ride).

[0033] The captured images from the cameras 38 are sent to the computer system 28
for processing and/or comparison to the master or correct image(s) that should be
displayed to the user 1n the current orientation of the wearable visualization device 12, at
a specific location along the ride, and/or time on the ride. The comparison enables the
computer system 28 to detect display problems and to correct those problems
automatically and/or flag an operator for inspection, cleaning, or replacement. The
computer system 28 may also perform diagnostic checks of the wearable visualization
devices 12 between rides or at other times (e.g., end of the day). The computer system 23
may run these diagnostic checks after detecting that the wearable visualization device 12
1s not 1n use through feedback from one or more of the sensors 68. For example, one or
more of these sensors 68 may detect that the wearable visualization device 12 1s within a
container 98 (e.g., pouch, box) that couples to the ride vehicle 92 for storage of the
wearable visualization device 12. The sensors 68 may also detect disconnection of the
wearable visualization device 12 from the user (e.g., pulled off head) or the absence of
movement of the wearable visualization device 12 and correlate this feedback to an

appropriate time to perform a diagnostic check (e.g., automatically run the diagnostic

check).

[0034] FIG. 4 1s a flowchart of a method 120 for testing a wearable visualization
system 10 prior to the start of a ride. The methods disclosed herein include various steps
represented by blocks. It should be noted that at least some steps of the methods may be
performed as an automated procedure by a system, such as by the computing system 28.
Although the tflow charts 1llustrates the steps 1n a certain sequence, 1t should be

understood that the steps may be performed 1n any suitable order and certain steps may
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be carried out simultaneously, where appropriate. Additionally, steps may be added to or

omitted from the methods.

[0035] The method 120 begins by determining 1f the wearable visualization device 12
1S not 1n use, step 122. As explained above, the computer system 28 may receive
feedback from one or more sensors 68. Feedback from the sensors 68 enable the
computer system 28 to determine that the wearable visualization device 12 1s not being
used by a user during a ride. After determining that the wearable visualization device 12
1S not 1n use, the computer system 28 controls the wearable visualization device 12 to
display a test image(s) on the displays 20, step 124. The test images may be a single
1mage or a sequence of images that display one or more patterns, colors, shapes, or
combinations thereof. The cameras 38 capture these images as they are displayed on the
displays 20 and transmit the captured images to the computer system 28, step 126. After
capturing the image or images, the method 120 may process the captured image or
1mages, step 127. For example, the cameras 38 may capture geometrically distorted
1mages, grainy images, faint reflections on the displays 20 from the surroundings, among
others. The processing may therefore transform the image from a distorted image seen
from the angle of the camera 38 to images that the user would see looking directly at the
displays 20. The computer system 28 1s then able to compare the captured image to the
test image (e.g., master image) to determine differences, step 128. The comparison may
reveal a variety of problems with the displays 20. For example, the comparison may
reveal smudges on the displays 20 (through the detection of blurred portions of the
captured 1mage), reduction in brightness of the displays 20, malfunctioning pixels (e.g.,
stuck pixels, dead pixels), incorrect image production, incorrect image coloring, no image

production, incorrect alignment between the displays 20, among others.

[0036]  After comparing the images, the method 120 determines 1f the captured image
1s the same as (e.g., matches, 1s substantially similar to) the test image, step 130. If the
captured 1mage 1s the same as the test image (e.g., 1n response to the images being the

same), the method 120 generates a ready signal, step 132. The ready signal may be a
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visual signal (e.g., solid or flashing green light) and/or audio signal generated on the
wearable visualization device 12 or on another device (e.g., tablet, computer, cellphone,
watch) that 1s accessible to the ride operator. In some embodiments, 1f the captured
1mage 1S substantially similar to (e.g., within a range of one or more metrics; in response
to the captured image being substantially similar to) the test image, the method 120 may
still generate the ready signal. For example, if the captured image 1s within a threshold
color difference, brightness, number of dead pixels, blurriness (e.g., from smudging), or

some combination thereof, the method 120 will still generate the ready signal.

[0037]  If the captured image does not match the test image (e.g., in response to the
captured 1mage not matching the test image), the method 120 continues by calibrating the
wearable visualization device 12, step 134. In some embodiments, the method 120 may
extract calibration parameters before calibrating the wearable visualization device 12.
For example, the computer system 28 may adjust the coloring, image focus, among
others. The method 120 may then repeat the process of displaying the test image (step
124), capturing the image (step 126), and comparing the captured image to the test image
(step 128). If the captured image still does not match the test image, the method 120 may
continue by generating an error signal, step 136. The error signal may be a visual signal
(e.g., red flashing light) and/or audio signal (e.g., request for inspection) generated on the
wearable visualization device 12 or on another device (e.g., tablet, computer, cellphone,
watch) accessible to the ride operator. The ride operator may then inspect, clean, and/or
replace the wearable visualization device 12. In some embodiments, 1n response to the
captured 1mage being different (e.g., significantly different) from the test image (e.g., the
captured 1mage indicates that no i1mage 1s displayed, that a large portion of the display has
smudges, that a large portion of the pixels are malfunctioning) at the comparison step
(130), the method 120 may skip the calibration step (step 134) and may instead proceed
to the error signal step (step 136).

[0038] FIG. 51s a flowchart of a method 160 for testing a wearable visualization
system 10 during a nde. The method 160 begins by detecting the location of the

14
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wearable visualization device 12, step 162. For example, the location of the wearable
visualization device 12 may be a physical location of the wearable visualization device
12 along a ride path or track. Location of the wearable visualization device 12 may be
determined using one or more sensors 68 on the wearable visualization device 12, sensors
that monitor a position of the ride vehicle along the ride path or track, or other data. By
determining the location of the wearable visualization device 12 along the ride path or
track, the computer system 28 1s able to determine what objects or scenes the user should
be seeing on the displays 20 of the wearable visualization device 12. The method 160
may also determine the orientation of the wearable visualization device 12, step 164.
During the ride, the user may look 1n different directions as the user takes in the AR/VR
environment. By determining the orientation of the wearable visualization device 12, the
computer system 28 1s able to determine what portions of scenes or objects the user
should be seeing on the displays 20 of the wearable visualization device 12. The

orientation of the wearable visualization device 12 may be determined using the sensors

68 described above.

[0039]  After determining the position and orientation of the wearable visualization
device 12, the method 160 captures an 1mage or a series of images on the displays 20 of
the wearable visualization device 12 using one or more of the cameras 38, step 166.
After capturing the image or images, the method 160 may process the captured 1mage or
1mages, step 168. For example, the cameras 38 may capture distorted 1mages on the
displays 20 because of the angle of the cameras 38 relative to the displays 20. The
processing may therefore transtorm the image from a distorted image seen from the angle
of the camera 38 to images that the user would see looking directly at the displays 20.
However, in some embodiments the images may not be processed to correct for these
kinds of distortions. For example, the computer system 28 may already include master
1mages from the perspective of the camera enabling the captured images to be compared

with these master images.
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[0040] In order to determine whether the correct image 1s being displayed, the method
160 compares the captured image(s) to the master image(s), step 170. The computer
system 28 1s therefore able to determine differences between the captured image(s) and
the master image(s). The comparison may reveal a variety of problems, including
smudges on the displays 20 (through the detection of blurred portions of the captured
1mages), reduction 1n brightness of the displays 20, malfunctioning pixels (e.g., stuck
pixels, dead pixels), incorrect image production, incorrect image coloring, no image
production, incorrect alignment of the virtual features on the displays 20 with the real-
world environment viewed through the displays 20, among others. The master image(s)
may be determined or selected (e.g., from multiple master images, which may be stored
1n the memory 36) based on (e.g., to correspond to, be correct for) the position and

orientation of the wearable visualization device 12.

[0041]  After comparing the images, the method determines 1f the captured image(s) 1s
the same as (e.g., matches; 1s substantially similar to) the master image(s), step 172. If
the captured image 1s the same as the master image (e.g., 1n response to the i1mages being
the same), the method 160 begins again (i1.e., returns to step 162). For example, the
method 160 may be repeated at specific intervals on the ride. These intervals may be
time and/or location based. If the comparison determines that the images are not the
same (e.g., 1n response to determining that the images are not the same), the method 160
calibrates the displays 20, step 176. In some embodiments, the method 160 may extract
calibration parameters before calibrating the wearable visualization device 12. For
example, the computer system 28 may adjust the timing of the image production 1f the
1mages are out of sync with the timing and/or location on the ride. The computer system
28 may also adjust the coloring of the i1mages to accurately or more accurately represent
the desired image. For example, 1f the ability of the displays 20 to generate blue light 1s
reduced, the computer system 28 may reduce the brightness of red light and yellow light
to reduce the distortion of the images from the reduction of blue light. In some

embodiments, 1f a dead pixel 1s detected near the edges of the display 20, the computer
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system 28 may shrink the image by turning off rows and/or columns of pixels around the
edge of the displays 20 to block the user from seeing a dead pixel surrounded by active

working pixels.

[0042]  After calibrating the wearable visualization device 12 (step 176), the method
160 may return to step 162 to verity that the wearable visualization device 12 1s now
displaying the i1mages correctly. If the image 1s still incorrect (e.g., in response to the
captured 1mage being different from the master image), the method 160 may then
produce an error signal, step 174. The error signal may be a visual signal (e.g., red
flashing light) and/or audio signal (e.g., request for inspection) generated on the wearable
visualization device 12 or on another device (e.g., tablet, computer, cellphone, watch)
accessible to the ride operator. The ride operator may then inspect, clean, and/or replace
the wearable visualization device 12. In some embodiments, 1n response to the captured
image being different (e.g., significantly different) from the master image (e.g., the
captured 1mage indicates that no i1mage 1s displayed, that a large portion of the display has
smudges, that a large portion of the pixels are malfunctioning, that the virtual image on
the displays 20 does not align properly with the real-world environment viewed through
the displays 20) at the comparison step (172), the method 160 may skip the calibration
step (step 176) and may 1nstead proceed to the error signal step (step 174).

[0043] FIG. 61s a flowchart of a method 200 for testing a wearable visualization
system 10 during a ride. The method 200 begins by detecting the location of the
wearable visualization device 12, step 202. For example, the location of the wearable
visualization device 12 may be a physical location of the wearable visualization device

12 along a ride path or track. Location of the wearable visualization device 12 may be
determined using one or more sensors 68 on the wearable visualization device 12, sensors
that monitor a position of the ride vehicle along the ride path or track, or other data. By
determining the location of the wearable visualization device 12 along the ride path or
track, the computer system 28 1s able to determine what objects or scenes the user should

be seeing on the displays 20 of the wearable visualization device 12. The method 200
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then determines the orientation of the wearable visualization device 12, step 204. During
the ride, the user may look 1n different directions as the user takes in the AR/VR
environment. By determining the orientation of the wearable visualization device 12, the
computer system 28 1s able to determine what portions of scenes or objects the user
should be able to see with the wearable visualization device 12. The location and/or

orientation of the wearable visualization device 12 may be determined using the sensors

68 described above.

[0044]  After determining the position and orientation of the wearable visualization
device 12, the method 200 captures an image or a series of images on the eye(s) of the
user of the wearable visualization device 12 using one or more of the cameras 38, step
206. After capturing the image or images, the method 200 may process the image or
1mages, step 208. Because the cameras 38 capture images on the eye of the user, the
1mages are distorted because of the curvature of the user’s eye(s), the processing may
also enable the removal of the user’s eye from the image (e.g., pupil, blood vessels). The
processing may therefore transform the image from a distorted image seen by the

camera(s) 38 to the images that the user 1s seeing on the displays 20.

[0045] In order to determine whether the correct image 1s being displayed, the method
200 compares the captured image(s) to the master image(s), step 210. In this way, the
computer system 28 1s able to determine differences between the captured image(s) and
the master image(s). The comparison may reveal a variety of problems, including
smudges on the displays 20 (through the detection of blurred portions of the captured
1mage(s)), reduction 1n brightness of the displays 20, malfunctioning pixels (e.g., stuck
pixels, dead pixels), incorrect image production, incorrect image coloring, no image
production, incorrect alignment of the virtual features on the displays 20 with the real-

world environment viewed through the displays 20, among others.

[0046]  After comparing the images, the method 200 determines i1f the captured image

1s the same as (e.g., matches; 1s substantially similar to) the master image(s), step 212. If
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the captured 1mage 1s the same as the master image(s) (e.g., 1n response to the images
being the same), the method 200 returns to the beginning (i.e., returns to step 202). For
example, the method 200 may be repeated at specific intervals on the ride. These
intervals may be time and/or location based. If the comparison determines that the
1mages are not the same (e.g., 1n response to determining that the images are not the
same), the method 200 calibrates the displays 20, step 216. In some embodiments, the
method 200 may extract calibration parameters before calibrating the wearable
visualization device 12. For example, the computer system 28 may adjust the timing of
the 1mage production 1f the images are out of sync with the timing and/or location on the
ride. The computer system 28 may also adjust the coloring of the images to accurately or
more accurately represent the desired image. For example, 1f the ability of the displays
20 to generate blue light 1s reduced, the computer system 28 may reduce the brightness of
red light and yellow light to reduce the distortion of the images from the reduction of blue
light. After calibrating the wearable visualization device 12 (step 134), the method 200
may return to step 202 to verify that the wearable visualization device 12 1s now
displaying the images correctly. After passing through the steps of the method 200 and
the 1mages are still incorrect (e.g., in response to the captured image being different from
the master image), the method 200 may then produce an error signal, step 214. The error
signal may be a visual signal (e.g., red flashing light) and/or audio signal (e.g., request for
inspection) generated on the wearable visualization device 12 or on another device (e.g.,
tablet, computer, cellphone, watch) accessible to the ride operator. The ride operator may
then 1inspect, clean, and/or replace the wearable visualization device 12. In some
embodiments, 1n response to the captured image being different (e.g., significantly
different) from the master image (e.g., the captured image indicates that no image 1s
displayed, that a large portion of the display has smudges, that a large portion of the
pixels are malfunctioning, that the virtual image on the displays 20 does not align
properly with the real-world environment viewed through the displays 20) at the
comparison step (212), the method 200 may skip the calibration step (step 216) and may
instead proceed to the error signal step (step 214).
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[0047] In some embodiments, the computer system 28 may collect data after
performing the methods described above 1n FIGS. 4-6 to enable the preventative
maintenance of the wearable visualization devices 12 (e.g., cleaning, refurbishment). In
other words, the computer system 28 may measure time to failure by collecting data on
the operation of the wearable visualization devices 12 using feedback from the cameras
38. For example, the computer system 28 may track the gradual decrease in brightness of
the displays 20 over time. This may enable proactive scheduling of refurbishment or
replacement of the devices 20 before failure on a ride. In another embodiment, the
computer system 28 may determine how often the displays 20 should be cleaned by
determining after how many uses of the wearable visualization devices 12 the
accumulated smudges significantly affect a user’s perception. In this way, the computer
system 28 may use feedback over time from the cameras 38 to determine time to failure
or preventative maintenance needs for a variety of components (e.g., cables, displays) of
the wearable visualization devices 12. In some embodiments, the multiple wearable
visualization devices 12 may be tracked with an interface or application that provides

easily accessible data to a ride operator.

[0048]  As set forth above, embodiments of the present disclosure may provide one or
more technical etfects useful for detecting the malfunction of a wearable visualization
device. It should be understood that the technical eftects and technical problems in the
specification are examples and are not limiting. Indeed, 1t should be noted that the
embodiments described 1n the specification may have other technical effects and can

solve other technical problems.

[0049] While the embodiments set forth in the present disclosure may be susceptible
to various modifications and alternative forms, specific embodiments have been shown
by way of example in the drawings and have been described 1n detail herein. However, 1t
should be understood that the disclosure 1s not intended to be limited to the particular

forms disclosed. The disclosure 1s to cover all modifications, equivalents, and
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alternatives falling within the spirit and scope of the disclosure as defined by the

following appended claims.

[0050] 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, 1f 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]...”, 1t 1s intended that such elements are to be interpreted under 35 U.S.C.
112(f). However, for any claims containing elements designated 1n any other manner, 1t 1s

intended that such elements are not to be interpreted under 35 U.S.C. § 112(%).
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CLAIMS:

1. A wearable visualization system, comprising:

a wearable visualization device, comprising: a housing; a display coupled to the housing
and configured to display an image for a user; and a camera coupled to the housing and contigured
to capture the image; and a computer system configured to: receive the image from the camera;
determine an orientation ot the wearable visualization device relative to a gravity vector; determine
a master 1mage that corresponds to the orientation of the wearable visualization device; and compare

the 1mage to the master image to determine if the 1image matches the master image.

2. The wearable visualization system of claim 1, wherein the computer system 1s contigured to

control the display 1n response to the comparison between the image and the master image.

3. The wearable visualization system of claim 1, wherein the camera 1s oriented toward the
display.
4, The wearable visualization system of claim 1, wherein the camera 1s oriented 1n a direction

away from the display, and the camera 1s contigured to capture the 1mage on an eye of the user.

S. The wearable visualization system of claim 4, wherein the computer system 1s contigured to

process the 1mage to remove distorting etfects of eye curvature and eye image.

0. The wearable visualization system of claim 1, wherein the wearable visualization device

COIHpI'iS@S O11€ Or IMMOIrec SEnsors.

7. The wearable visualization system of claim 6, wherein the wearable visualization device 1s
contigured to use teedback from the one or more sensors to determine the orientation of the

wearable visualization device.

3. The wearable visualization system of claim 1, wherein the 1image 1s a test image comprising

one or more patterns.

9. A method of calibrating a wearable visualization system, the method comprising:
detecting, with a computer system, an orientation of a wearable visualization device;

capturing, with a camera, an 1mage produced on a display of the wearable visualization
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device;

determining, with the computer system, a master image in response to the orientation of the
wearable visualization device; and

comparing, with the computer system, the 1mage to the master image to determine that the

image matches the master image.

10. The method of claim 9, comprising determining, with the computer system, a location of the

wearable visualization device.

11. The method of claim 10, comprising determining, with the computer system, the master

image using the location of the wearable visualization device.

12. The method of claim 9, comprising controlling, with the computer system, the display in

response to comparing, with the computer system, the image to the master image.

13. The method of claim 9, wherein capturing, with the camera, the 1mage produced by the

display comprises capturing, with the camera, the 1mage directly from the display.

14. The method of claim 9, wherein capturing, with the camera, the image produced by the

display comprises capturing, with the camera, the 1mage from an eye of a user.

15. The method of claim 14, comprising processing, with the computer system, the 1mage to

remove distorting effects of eye curvature and eye 1image.

16. A method of calibrating a wearable visualization system, the method comprising:

detecting, with a computer system, an operation of a wearable visualization device during
an amusement park ride;

capturing, in response to detecting the operation ot the wearable visualization device and
with a camera, an image produced on a display ot the wearable visualization device during the
amusement park ride, wherein the 1mage 1s a test image;

determining, with the computer system, a master image 1n response to an orientation of the
wearable visualization device relative to a gravity vector; and

comparing, with the computer system, the test image captured by the camera to the master
image to determine that the test image matches the master image by determining that: a color

difference between the test image and the master image 1s within a threshold color ditference;
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a brightness ditference between the test image and the master image 1s within a threshold
brightness difterence; a number of dead pixels in the test image relative to the master image 1s
within a threshold number of dead pixels; a blurriness of the test image relative to the master image

1s within a threshold blurriness difference; or a combination thereof.

17. The method of claim 16, comprising generating, with the computer system, a ready signal 1n
response to determining, with the computer system, that the test image matches the master image,

wherein the ready signal 1s accessible to a ride operator of the amusement park ride.

18. The wearable visualization system of claim 1, wherein the computer system 1s contigured
to: recerve an indication of a location of the wearable visualization device along a ride path in an
amusement park ride; and determine the master image that corresponds to the orientation of the

wearable visualization device and the location of the wearable visualization device.

19. The method of claim 16, wherein detecting, with the computer system, the operation of the
wearable visualization device comprises determining that the wearable visualization device 1s stored
in a storage location, and the method comprises: instructing, with the computer system, the display
of the wearable visualization device to produce the test image 1n response to detecting that the

wearable visualization device 1s stored 1n the storage location.

20. The method of claim 16, wherein the test image includes an image overlaid on an

environment of the amusement park ride.

24



