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HEAD MOUNTED AUDIO-VISUAL DISPLAY SYSTEM

Related application data

[0001] The present application claims benefit under 35 U.S.C. § 119 to U.S.
Provisional Patent Application serial number 62/692,597 filed on June 29, 2018,
entitled “HEAD MOUNTED AUDIO-VISUAL DISPLAY SYSTEM,” which is hereby
incorporated by reference into the present application in its entirety as though set

forth in full.

Field of the Invention

[0002] The present disclosure relates to head mounted audio-visual display
systems with padding to modulate physical contact between the systems and their
users, and method of modulating physical contact between the systems and their

users using same.

Background
[0003] Modern computing and display technologies have facilitated the

development of “mixed reality” (MR) systems for so called “virtual reality” (VR) or
‘augmented reality” (AR) experiences, wherein digitally reproduced images or
portions thereof are presented to a user in a manner wherein they seem to be, or
may be perceived as, real. A VR scenario typically involves presentation of digital or
virtual image information without transparency to actual real-world visual input. An
AR scenario typically involves presentation of digital or virtual image information as
an augmentation to visualization of the real world around the user (i.e., transparency
to real-world visual input). Accordingly, AR scenarios involve presentation of digital

or virtual image information with transparency to the real-world visual input.
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[0004] MR systems typically generate and display color data, which increases the
realism of MR scenarios. Many of these MR systems display color data by
sequentially projecting sub-images in different (e.g., primary) colors or “fields” (e.g.,
Red, Green, and Blue) corresponding to a color image in rapid succession.
Projecting color sub-images at sufficiently high rates (e.g., 60 Hz, 120 Hz, etc.) may
deliver a smooth color MR scenarios in a user's mind.

[0005] Various optical systems generate images, including color images, at
various depths for displaying MR (VR and AR) scenarios. Some such optical
systems are described in U.S. Utility Patent Application Serial No. 14/555,585 filed
on November 27, 2014 (attorney docket number ML.20011.00), the contents of
which are hereby expressly and fully incorporated by reference in their entirety, as
though set forth in full.

[0006] MR systems typically employ wearable display devices (e.g., head-worn
displays, helmet-mounted displays, or smart glasses) that are at least loosely
coupled to a user's head, and thus move when the users head moves. If the users
head motions are detected by the display device, the data being displayed can be
updated (e.g., “warped”) to take the change in head pose (i.e., the orientation and/or
location of user’s head) into account.

[0007] As an example, if a user wearing a head-worn display device views a
virtual representation of a virtual object on the display and walks around an area
where the virtual object appears, the virtual object can be rendered for each
viewpoint, giving the user the perception that they are walking around an object that
occupies real space. If the head-worn display device is used to present multiple

virtual objects, measurements of head pose can be used to render the scene to
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match the user's dynamically changing head pose and provide an increased sense
of immersion.

[0008] Head-worn display devices that enable AR provide concurrent viewing of
both real and virtual objects. With an “optical see-through” display, a user can see
through transparent (or semi-transparent) elements in a display system to view
directly the light from real objects in an environment. The transparent element, often
referred to as a “combiner,” superimposes light from the display over the user's view
of the real world, where light from by the display projects an image of virtual content
over the see-through view of the real objects in the environment. A camera may be
mounted onto the head-worn display device to capture images or videos of the
scene being viewed by the user.

[0009] Current optical systems, such as those in MR systems, optically render
virtual content. Content is “virtual” in that if does not correspond to real physical
objects located in respective positions in space. Instead, virtual content only exist in
the brains (e.g., the optical centers) of a user of the head-worn display device when
stimulated by light beams directed to the eyes of the user.

[0010] Head pose and head motion related image processing increase the
realism of MR scenarios. However, this image processing and VR, AR, and MR
systems, in general, have as an operative assumption a substantially fixed
relationship between the head mounted audio-visual display systems and the users
head, eyes, and ears. While initial system fitting/customization and real time eye
tracking can accommodate some variability in this relationship, most systems can
only accommodate a limited range of variability.

[0011] Some head mounted audio-visual display systems include compressible

padding between the frame of the system, to which various system components are
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mounted, and the users head. However, the compressible padding can cause user

discomfort, system instability, and fit variability that can affect system effectiveness.

Summary

[0012] In one embodiment, a head mounted device padding system includes a
pad having an interior side and an exterior side. The interior side of the pad has a
substantially concave first curvature about a first axis of the pad, and a substantially
convex second curvature about a second axis of the pad.

[0013] In one or more embodiments, the first and second axes of the pad are
substantially perpendicular to each other. The substantially concave first curvature
may be configured to approximate a first body curvature of a user. The substantially
convex second curvature may be configured to direct a force resulting from contact
between the pad and a user’s head toward a direction tangential to the second axis.
[0014] In one or more embodiments, the pad is configured to minimize hotspots
or sharp cormers between the system and a user. The pad may be configured to
increase comfort of the user wearing the system. The pad may be configured to
direct a force normal corresponding to the system to the center of the pad. The pad
may be configured to increase stability of the system on a user wearing the system.
[0015] In one or more embodiments, the pad includes a first portion adjacent the
interior side. The pad may also include a first adhesive layer adjacent to and
external of the first portion. The pad may further include a carrier adjacent to and
external of the first adhesive layer. Moreover, the pad may include a second
adhesive layer adjacent to and external of the frame. In addition, the pad may
include a second portion adjacent to and external of the second adhesive layer. The

pad may also include a cover adjacent to and external of the second portion.
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[0016] In one or more embodiments, the first portion is configured to dampen
vibrations from the system. The first portion may include an EVA foam. The first
adhesive layer may include an adhesive layer and a liquid adhesive.

[0017] In one or more embodiments, the carrier is configured to removably couple
the pad to a frame of the system. The carrier may include a snap-fit component.
The second portion may include a PU memory foam. The second portion may be
configured to increase comfort of a user wearing the system. The second portion
may be configured to increase stability of the system on a user wearing the system.
[0018] In one or more embodiments, the cover includes a non-permeable
material. The cover may include PU. The cover may include a textured outer
surface. The textured outer surface may have an increased coefficient of friction
compared to a non-textured outer surface.

[0019] In another embodiment, a head mounted device padding system includes
first and second front pads. The system also includes a rear pad. The system
further includes left and right side pads. Each of the first and second front pads, the
rear pad, and the left and right side pads has an interior side and an exterior side.
The interior side of the respective pad has a substantially concave first curvature
about a first axis of the respective pad, and a substantially convex second curvature
about a second axis of the respective pad.

[0020] In one or more embodiments, a line from a center of the first and second
front pads to a center of the rear pad forms an angle with a transverse plane of a
users head. The angle may be about 10 degrees. The substantially convex second
curvature of the rear pad may be less convex than the substantially convex second
curvature of the left and right side pads. The first and second front pads may be

stiffer than the rear pad and the left and right side pads. The first and second front
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pads may have a smaller than 3 mm change in thickness between an
uncompressed, unworn state and a compressed, worn state.
[0021] Additional and other objects, features, and advantages of the disclosure

are described in the detail description, figures and claims.

Brief Description of the Drawings

[0022] The drawings illustrate the design and utility of various embodiments of the
present disclosure. It should be noted that the figures are not drawn to scale and
that elements of similar structures or functions are represented by like reference
numerals throughout the figures. In order to better appreciate how to obtain the
above-recited and other advantages and objects of various embodiments of the
disclosure, a more detailed description of the present disclosures briefly described
above will be rendered by reference to specific embodiments thereof, which are
illustrated in the accompanying drawings. Understanding that these drawings depict
only typical embodiments of the disclosure and are not therefore to be considered
limiting of its scope, the disclosure will be described and explained with additional
specificity and detail through the use of the accompanying drawings in which:

[0023] Figures 1-4 schematically depict VR/AR/MR systems and subsystems
thereof, according to some embodiments.

[0024] Figure 5 depicts the focal planes of a VR/AR/MR system, according to
some embodiments.

[0025] Figures 6 and 7 are top views of VR/AR/MR systems, according to some
embodiments.

[0026] Figure 8 is a left view of a VR/AR/MR system, according to some

embodiments.
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[0027] Figures 9-11 are left views of VR/AR/MR systems worn on a user's head,
according to some embodiments.

[0028] Figure 12 depicts a left pad of contact modulating systems usable with
VR/AR/MR systems, according to some embodiments.

[0029] Figures 13a-13d depict different pad shape configurations on users having
different head shapes in coronal cross-sectional views, according to some
embodiments.

[0030] Figure 14 depicts the left pad depicted in Figure 12 with the addition of a
carrier.

[0031] Figure 15 depicts a left pad of contact modulating systems usable with
VR/AR/MR systems, according to some embodiments.

[0032] Figures 16 and 17 depict rear pads of contact modulating systems usable
with VR/AR/MR systems, according to some embodiments.

[0033] Figure 18 depicts in an exploded view a left pad of contact modulating
systems usable with VR/AR/MR systems, according to some embodiments.

[0034] Figure 19 depicts in an exploded view a rear pad of contact modulating
systems usable with VR/AR/MR systems, according to some embodiments.

[0035] Figures 20 and 21 depict in exploded views front pads of contact
modulating systems usable with VR/AR/MR systems, according to some
embodiments.

[0036] Figure 22 and 23 depict rear pads of contact modulating systems in use
with VR/AR/MR systems, according to some embodiments.

[0037] Figure 24 depicts compression of a compressible material under load,

according to some embodiments.
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[0038] Figure 25 depicts various functional zones relative to a display/exit pupil
expander, according to some embodiments.

[0039] Figures 26 to 33 depict a left pad of contact modulating systems usable
with VR/AR/MR systems from various views, according to some embodiments.
[0040] Figures 34 to 41 depict a rear pad of contact modulating systems usable
with VR/AR/MR systems from various views, according to some embodiments.
[0041] Figures 42 to 49 depict a right pad of contact modulating systems usable
with VR/AR/MR systems from various views, according to some embodiments.
[0042] Figures 50 to 57 depict a front pad of contact modulating systems usable

with VR/AR/MR systems from various views, according to some embodiments.

Detailed Description

[0043] Various embodiments of the disclosure are directed to systems, methods,
and articles of manufacture for modulating physical contact between head mounted
audio-visual display systems and their users (e.g., using partially convex padding) in
a single embodiment or in multiple embodiments. Other objects, features, and
advantages of the disclosure are described in the detailed description, figures, and
claims.

[0044] Various embodiments will now be described in detail with reference to the
drawings, which are provided as illustrative examples of the disclosure so as to
enable those skilled in the art to practice the disclosure. Notably, the figures and the
examples below are not meant to limit the scope of the present disclosure. Where
certain elements of the present disclosure may be partially or fully implemented
using known components (or methods or processes), only those portions of such
known components (or methods or processes) that are necessary for an

understanding of the present disclosure will be described, and the detailed
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descriptions of other portions of such known components (or methods or processes)
will be omitted so as not to obscure the disclosure. Further, various embodiments
encompass present and future known equivalents to the components referred to
herein by way of illustration.

[0045] The head mounted audio-visual display system and user physical contact
modulating between systems may be implemented independently of AR/MR
systems, but some embodiments below are described in relation to AR/MR systems
for illustrative purposes only. The contact modulating systems described herein may
also be used in an identical manner with VR systems.

lllustrative VR, AR, and/or MR System

[0046] The description that follows pertains to an illustrative VR, AR, and/or MR
system with which the contact modulating system may be practiced. However, it is
to be understood that the embodiments also lends themselves to applications in
other types of display systems (including other types of VR, AR, and/or MR
systems), and therefore the embodiments are not to be limited to only the illustrative
system disclosed herein.

[0047] Various components of VR, AR, and/or MR virtual image systems 100 are
depicted in Figures 1 to 4. The virtual image generation system 100 comprises a
frame structure 102 worn by an end user 50, a display subsystem 110 carried by the
frame structure 102, such that the display subsystem 110 is positioned in front of the
eyes of the end user 50, and a speaker 106 carried by the frame structure 102, such
that the speaker 106 is positioned adjacent the ear canal of the end user 50
(optionally, another speaker (not shown) is positioned adjacent the other ear canal of
the end user 50 to provide for stereo/shapeable sound control). The display

subsystem 110 is designed to present the eyes of the end user 50 with light patterns
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that can be comfortably perceived as augmentations to physical reality, with high-
levels of image quality and three-dimensional perception, as well as being capable of
presenting two-dimensional content. The display subsystem 110 presents a
sequence of frames at high frequency that provides the perception of a single
coherent scene.

[0048] In the illustrated embodiments, the display subsystem 110 employs
“optical see-through” display through which the user can directly view light from real
objects via transparent (or semi-transparent) elements. The transparent element,
often referred to as a “combiner,” superimposes light from the display over the user's
view of the real world. To this end, the display subsystem 110 comprises a partially
transparent display. The display is positioned in the end users 50 field of view
between the eyes of the end user 50 and an ambient environment, such that direct
light from the ambient environment is transmitted through the display to the eyes of
the end user 50.

[0049] In the illustrated embodiments, an image projection assembly provides
light to the partially transparent display, thereby combining with the direct light from
the ambient environment, and being transmitted from the display to the eyes of the
user 50. The projection subsystem may be an optical fiber scan-based projection
device, and the display may be a waveguide-based display into which the scanned
light from the projection subsystem is injected to produce, e.g., images at a single
optical viewing distance closer than infinity (e.g., arm’s length), images at multiple,
discrete optical viewing distances or focal planes, and/or image layers stacked at
multiple viewing distances or focal planes to represent volumetric 3D objects. These
layers in the light field may be stacked closely enough together to appear continuous

to the human visual subsystem (i.e., one layer is within the cone of confusion of an

10
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adjacent layer). Additionally or alternatively, picture elements may be blended
across two or more layers to increase perceived continuity of transition between
layers in the light field, even if those layers are more sparsely stacked (i.e., one layer
is outside the cone of confusion of an adjacent layer). The display subsystem 110
may be monocular or binocular.

[0050] The virtual image generation system 100 may also include one or more
sensors (not shown) mounted to the frame structure 102 for detecting the position
and movement of the head 54 of the end user 50 and/or the eye position and inter-
ocular distance of the end user 50. Such sensors may include image capture
devices (such as cameras), microphones, inertial measurement units,
accelerometers, compasses, GPS units, radio devices, and/or gyros). Many of these
sensors operate on the assumption that the frame 102 on which they are affixed is in
turn substantially fixed to the user’'s head, eyes, and ears.

[00561] The virtual image generation system 100 may also include a user
orientation detection module. The user orientation module detects the instantaneous
position of the head 54 of the end user 50 (e.g., via sensors coupled to the frame
102) and may predict the position of the head 54 of the end user 50 based on
position data received from the sensors. Detecting the instantaneous position of the
head 54 of the end user 50 facilitates determination of the specific actual object that
the end user 50 is looking at, thereby providing an indication of the specific virtual
object to be generated in relation to that actual object and further providing an
indication of the position in which the virtual object is to be displayed. The user
orientation module may also track the eyes of the end user 50 based on the tracking

data received from the sensors.
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[0052] The virtual image generation system 100 may also include a control
subsystem that may take any of a large variety of forms. The control subsystem
includes a number of controllers, for instance one or more microcontrollers,
microprocessors or central processing units (CPUs), digital signal processors,
graphics processing units (GPUs), other integrated circuit controllers, such as
application specific integrated circuits (ASICs), programmable gate arrays (PGAS),
for instance field PGAs (FPGAs), and/or programmable logic controllers (PLUs).
[00563] The control subsystem of virtual image generation system 100 may
include a central processing unit (CPU), a graphics processing unit (GPU), one or
more frame buffers, and a three-dimensional data base for storing three-dimensional
scene data. The CPU may control overall operation, while the GPU may render
frames (i.e., translating a three-dimensional scene into a two-dimensional image)
from the three-dimensional data stored in the three-dimensional data base and store
these frames in the frame buffers. One or more additional integrated circuits may
control the reading into and/or reading out of frames from the frame buffers and
operation of the image projection assembly of the display subsystem 110.

[0054] The various processing components of the virtual image generation
system 100 may be physically contained in a distributed subsystem. For example,
as illustrated in Figures 1 to 4, the virtual image generation system 100 may include
a local processing and data module 130 operatively coupled, such as by a wired lead
or wireless connectivity 136, to the display subsystem 110 and sensors. The local
processing and data module 130 may be mounted in a variety of configurations,
such as fixedly attached to the frame structure 102 (Figure 1), fixedly attached to a
helmet or hat 56 (Figure 2), removably attached to the torso 58 of the end user 50

(Figure 3), or removably attached to the hip 60 of the end user 50 in a belt-coupling

12
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style configuration (Figure 4). The virtual image generation system 100 may also
include a remote processing module 132 and remote data repository 134 operatively
coupled, such as by a wired lead or wireless connectivity 138, 140, to the local
processing and data module 130, such that these remote modules 132, 134 are
operatively coupled to each other and available as resources to the local processing
and data module 130.

[0055] The local processing and data module 130 may comprise a power-efficient
processor or controller, as well as digital memory, such as flash memory, both of
which may be utilized to assist in the processing, caching, and storage of data
captured from the sensors and/or acquired and/or processed using the remote
processing module 132 and/or remote data repository 134, possibly for passage to
the display subsystem 110 after such processing or retrieval. The remote
processing module 132 may comprise one or more relatively powerful processors or
controllers configured to analyze and process data and/or image information. The
remote data repository 134 may comprise a relatively large-scale digital data storage
facility, which may be available through the internet or other networking configuration
in a “cloud” resource configuration. In some embodiments, all data is stored and all
computation is performed in the local processing and data module 130, allowing fully
autonomous use from any remote modules.

[00566] The couplings 136, 138, 140 between the various components described
above may include one or more wired interfaces or ports for providing wires or
optical communications, or one or more wireless interfaces or ports, such as via RF,
microwave, and IR for providing wireless communications. In some
implementations, all communications may be wired, while in other implementations

all communications may be wireless. In still further implementations, the choice of
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wired and wireless communications may be different from that illustrated in Figures 1
to 4. Thus, the particular choice of wired or wireless communications should not be
considered limiting.

[0057] In some embodiments, the user orientation module is contained in the
local processing and data module 130, while CPU and GPU are contained in the
remote processing module. In alternative embodiments, the CPU, GPU, or portions
thereof may be contained in the local processing and data module 130. The 3D
database can be associated with the remote data repository 134 or disposed locally.
[0068] Some VR, AR, and/or MR systems use a plurality of volume phase
holograms, surface-relief holograms, or light guiding optical elements that are
embedded with depth plane information to generate images that appear to originate
from respective depth planes. In other words, a diffraction pattern, or diffractive
optical element (“DOE”) may be embedded within or imprinted/embossed upon a
light guiding optical element (‘LOE”; e.g., a planar waveguide) such that as
collimated light (light beams with substantially planar wavefronts) is substantially
totally internally reflected along the LOE, it intersects the diffraction pattern at
multiple locations and exits toward the user's eye. The DOEs are configured so that
light exiting therethrough from an LOE are verged so that they appear to originate
from a particular depth plane. The collimated light may be generated using an
optical condensing lens (a “condenser”).

[0059] For example, a first LOE may be configured to deliver collimated light to
the eye that appears to originate from the optical infinity depth plane (0 diopters).
Another LOE may be configured to deliver collimated light that appears to originate
from a distance of 2 meters (1/2 diopter). Yet another LOE may be configured to

deliver collimated light that appears to originate from a distance of 1 meter (1
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diopter). By using a stacked LOE assembly, it can be appreciated that multiple
depth planes may be created, with each LOE configured to display images that
appear to originate from a particular depth plane. It should be appreciated that the
stack may include any number of LOEs. However, at least N stacked LOEs are
required to generate N depth planes. Further, N, 2N or 3N stacked LOEs may be
used to generate RGB colored images at N depth planes.

[0060] In order to present 3-D virtual content to the user, the VR, AR, and/or MR
system projects images of the virtual content into the user’'s eye so that they appear
to originate from various depth planes in the Z direction (i.e., orthogonally away from
the user's eye). In other words, the virtual content may not only change in the X and
Y directions (i.e., in a 2D plane orthogonal to a central visual axis of the user’s eye),
but it may also appear to change in the Z direction such that the user may perceive
an object to be very close or at an infinite distance or any distance in between. In
other embodiments, the user may perceive multiple objects simultaneously at
different depth planes. For example, the user may see a virtual dragon appear from
infinity and run towards the user. Alternatively, the user may simultaneously see a
virtual bird at a distance of 3 meters away from the user and a virtual coffee cup at
arm’s length (about 1 meter) from the user.

[0061] Multiple-plane focus systems create a perception of variable depth by
projecting images on some or all of a plurality of depth planes located at respective
fixed distances in the Z direction from the user's eye. Referring now to Figure 5, it
should be appreciated that multiple-plane focus systems may display frames at fixed
depth planes 150 (e.g., the six depth planes 150 shown in Figure 5). Although MR
systems can include any number of depth planes 150, one exemplary multiple-plane

focus system has six fixed depth planes 150 in the Z direction. In generating virtual
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content one or more of the six depth planes 150, 3-D perception is created such that
the user perceives one or more virtual objects at varying distances from the users
eye. Given that the human eye is more sensitive to objects that are closer in
distance than objects that appear to be far away, more depth planes 150 are
generated closer to the eye, as shown in Figure 5. In other embodiments, the depth
planes 150 may be placed at equal distances away from each other.

[0062] Depth plane positions 150 may be measured in diopters, which is a unit of
optical power equal to the inverse of the focal length measured in meters. For
example, in some embodiments, depth plane 1 may be 1/3 diopters away, depth
plane 2 may be 0.3 diopters away, depth plane 3 may be 0.2 diopters away, depth
plane 4 may be 0.15 diopters away, depth plane 5 may be 0.1 diopters away, and
depth plane 6 may represent infinity (i.e., 0 diopters away). It should be appreciated
that other embodiments may generate depth planes 150 at other distances/diopters.
Thus, in generating virtual content at strategically placed depth planes 150, the user
is able to perceive virtual objects in three dimensions. For example, the user may
perceive a first virtual object as being close to him when displayed in depth plane 1,
while another virtual object appears at infinity at depth plane 6. Alternatively, the
virtual object may first be displayed at depth plane 6, then depth plane 5, and so on
until the virtual object appears very close to the user. It should be appreciated that
the above examples are significantly simplified for illustrative purposes. In another
embodiment, all six depth planes may be concentrated on a particular focal distance
away from the user. For example, if the virtual content to be displayed is a coffee
cup half a meter away from the user, all six depth planes could be generated at
various cross-sections of the coffee cup, giving the user a highly granulated 3-D view

of the coffee cup.
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[0063] In some embodiments, the VR, AR, and/or MR system may work as a
multiple-plane focus system. In other words, all six LOEs may be illuminated
simultaneously, such that images appearing to originate from six fixed depth planes
are generated in rapid succession with the light sources rapidly conveying image
information to LOE 1, then LOE 2, then LOE 3 and so on. For example, a portion of
the desired image, comprising an image of the sky at optical infinity may be injected
at time 1 and the LOE retaining collimation of light (e.g., depth plane 6 from Figure 5)
may be utilized. Then an image of a closer tree branch may be injected at time 2
and an LOE configured to create an image appearing to originate from a depth plane
10 meters away (e.g., depth plane 5 from Figure 5) may be utilized; then an image of
a pen may be injected at time 3 and an LOE configured to create an image
appearing to originate from a depth plane 1 meter away may be utilized. This type of
paradigm can be repeated in rapid time sequential (e.g., at 360 Hz) fashion such that
the user's eye and brain (e.g., visual cortex) perceives the input to be all part of the
same image.

[0064] VR, AR, and/or MR systems may project images (i.e., by diverging or
converging light beams) that appear to originate from various locations along the Z
axis (i.e., depth planes) to generate images for a 3-D experience/scenario. As used
in this application, light beams include, but are not limited to, directional projections
of light energy (including visible and invisible light energy) radiating from a light
source. Generating images that appear to originate from various depth planes
conforms the vergence and accommodation of the users eye for that image, and
minimizes or eliminates vergence-accommodation conflict.

Summary of Problems and Solutions
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[0065] Various components of VR, AR, and/or MR virtual image systems 100
described above incrementally increase the weight of the systems 100, and in
particular the head mounted portions of the systems 100. These system
components include, but are not limited to the frame structure 102, the display
subsystem 110 (the projection subsystem and the waveguide-based display/LOES),
the speaker 106, the sensors, the user orientation detection module, the control
subsystem (CPUs, GPUs, ASICs, PGAs, FPGAs, PLUs, frame buffers, databases,
etc.), local processing and data modules 130, and couplings 136, 138, 140. These
components can increase the weight of the head mounted portions of the systems
100 from about 300 g to about 400 g. In one embodiment, the head mounted portion
weighs about 370 g. Carrying such weights can lead to discomfort for the user,
reducing the usability of the VR, AR, and/or MR virtual image systems 100. Further,
the placement of some of these components be asymmetrical resulting in one or
more moments of inertia (rotational inertia) about a center of the frame 102 on a
users head. These moments of inertia can reduce the stability of the VR, AR, and/or
MR virtual image systems 100 on users’ heads, again reducing the usability of the
systems 100.

[0066] Some of these components interact with the user during operation (e.g.,
the display subsystem 110, the speaker 106, and the sensors), and have operating
principals including a substantially fixed relationship between the head mounted
audio-visual display systems and the users head, eyes, and ears. This operating
principal assumes a degree of stability of the VR, AR, and/or MR virtual image
systems 100 on users’ heads, and instability can reduce the effectiveness of some of
these components. Another set of these components (e.g., the display subsystem

110, the speaker 106, and the sensors, the user orientation detection module, the
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control subsystem, local processing and data modules 130) can generate heat,
which can impact the comfort of users wearing the systems.

[0067] The VR, AR, and/or MR virtual image systems disclosed herein include
one or more pads having respective convex surface along at least one axis to
increase user comfort, reduce hotspots and sharp corners, and/or increase system
stability on users’ heads.

Exemplary Padding Systems

[0068] Figures 6 to 8 depict a padding system 200 for a wearable portion 210 of a
VR, AR, and/or MR virtual image system according to some embodiments. The
wearable 210 may include the frame 102, display 110, speaker 106, (see e.g., Figure
1) and other system components that contribute weight to the wearable 210. The
padding system 200 includes a left side/temple pad 212, a rear pad 214, a right
side/temple pad 216, and a front/forehead pad 218. The left and right pads 212, 216
are configured to be disposed between respective left and right sides of the wearable
210 and a user's 50 left and right temples. The rear pad 214 is configured to be
disposed between the rear of the wearable 210 and the back of a user's 50 head.
The front pad 218 is configured to be disposed between the front of the wearable
210 and the front of a user's 50 head (i.e., forehead). As a result of their respective
positions, the left and right, rear, and front pads 212, 216, 214, 218 modulate the
interaction between the wearable 210 and the user's 50 head in order to *increase
comfort and therefore usability of the VR/AR/MR system on the user's 50 head. The
padding system 200 may increase comfort and usability by reducing hotspots and
sharp corners, distributing/balancing system weight, and/or increasing system

stability on users’ 50 head (described below).

19



WO 2020/006284 PCT/US2019/039581

[0069] Figure 9 depicts a user 50 wearing a wearable 210 of a VR/AR/MR
system. The wearable 210 includes a substantially rigid frame configured to house
or support various processing and/or display components, optical components,
speaker components, sensor components, and other components for delivering a
VR, AR, or MR experience to a user. The rigid frame of wearable 210 can have
corners, edges, or protrusions that generate potential “hotspots” 228 where the
wearable 210 contacts the user's 50 head. For example, hotspots 228 may exist at
a top and bottom edge of side or back portions of the wearable 210 where a user
perceives discomfort due to a high concentration of pressure. Hotspots 228 also
tend to form where most of the weight of the wearable 210 is supported on the users
50 head. The curvature and thickness (described below) of the rear pad 214 and
temple pads 212 can be modified to minimize hotspots 228.

[0070] Figure 10 depicts the various reactive forces supporting the weight “W” of
the wearable 210 on the user's 50 head. The interaction of the wearable 210 and
the nose pad generates a reactive force “Y Nose,” which supports some of the
weight “W.” The friction generated by the left and right pads 212, 216 against the left
and right sides of the user's 50 head (described below) generates another reactive
force *Y L/R Friction,” which supports some of the weight “W.” The compression of
the rear pad 214 generates a “Spring Force,” which is equal to still another reactive
force “Y Compression Reaction.” This “Y Compression Reaction” reactive force also
supports some of the weight “W’ of the wearable 210. The “Y Compression
Reaction” reactive force results from an approximately 10° tilt of the wearable 210 so
that the rear pad 214 is above the front pad 218.

[0071] Figure 11 is a free body diagram depicting the various forces (reactive and

weight “W’) depicted in Figure 10. Figure 11 shows that the weight W of the
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wearable 210 is supported/offset by various reactive forces, including the nose pad
reactive force N, the frictional reactive force F from the left and right pads 212, 216,
and the compressive reactive force C from the rear pad 214.

[0072] Figure 12 depicts a left pad 212 according to one embodiment. The left
pad 212 has an interior side 220 (i.e., facing toward the user), and an exterior side
222 (i.e., facing away from the user and toward the wearable (not shown, see 210 in
Figure 7)). The left pad 212 also has a first axis 224 and a second axis 226 that are
substantially orthogonal to each other.

[0073] The left pad 212 is substantially concave about the first axis 224, and is
therefore configured to approximate the shape of a typical users head (i.e.,
approximately around an offset circumference of the user's head). The concavity
about the first axis 224 allows the left pad 212 to support the wearable 210 evenly
across all points along the second axis 226. The left pad 212 is substantially convex
about the second axis 226. The convex shape creates a tangential relationship
between the resultant force (see frictional reactive force F in Figure 11) and the
second axis 226 when the left pad 212 contacts the user's head. This design is the
opposite of existing pads that are designed to maximize contact with the users head
by approximating the contours of the users head so that even pressure is applied
over the entire pad. The shape of each of the pads in the padding system 200 (see
e.g., Figure 26) is configured to increase user comfort when wearing the audio-visual
display system/wearable 210.

[0074] Figures 13a-13d illustrate different pad shape configurations on User A
and User B having different head shapes in coronal cross-sectional views. Figure
13a shows a left pad designed for User A’s head shape being worn by User A. The

interface surface of the left pad corresponds to the shape of User A's head so that
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force is evenly distributed over the area of the pad for optimal comfort. However, if
the same pad is worn by User B (Figure 13b), the interface surface does not match
the contour of User B’s head and force may be applied over a very small area. This
pad shape can result in pressure hotspots for User B, and thus, the pad of Figures
13a-13b does not accommodate a wide range of head shapes.

[0075] Figure 13c shows a left pad having a convex interface surface that does
not correspond to the contour of User A’s head. The left pad contacts User A’s head
at a central region of the pad between the edges. The material may compress in
response to the contact according to the compressibility properties of the pad
material. No pressure hot spots are created. Referring to Figure 13d, User B is
illustrated wearing the same convex pad from Figure 13c. Although User B’s head
shape is different from User A, the convex pad is able to accommodate the
difference without introducing pressure hot spots. The left pad contacts User B’s
head at a central region of the pad between the edges. The material compresses in
response to the contact according to the compressibility properties of the pad
material. Thus, relying on a convex shape and compression of the material allows
for many head sizes and shapes to be accommodated with the same padding shape
without causing the pressure hotspots previously described. In some embodiments,
the last portion of the pad to compress in response to contact with a user's head is
the portion of the padding covering the edges of the wearable frame. .

[0076] Figure 14 depicts the left pad 212 depicted in Figure 12 including a carrier
portion 414, which is depicted in Figure 18 and described below.

[0077] Figure 15 depicts a left pad 212’ according to another embodiment. The
left pad 212’ in Figure 15 has a shape similar to the shape of the left pad 212 in

Figures 13 and 14. However, the left pad 212’ in Figure 15 is larger than the left pad
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212 in Figures 13 and 14. Accordingly, the left pad 212’ in Figure 15 can be used
with a larger wearable (not shown) to increase the number of users that can
comfortably use the system.

[0078] The left pad 212" has an interior side 220 (i.e., facing toward the user),
and an exterior side 222’ (i.e., facing away from the user and toward the wearable
(not shown)). The left pad 212’ also has a first axis 224’ and a second axis 226’ that
are substantially orthogonal to each other.

[0079] Figure 16 depicts a rear pad 214 according to one embodiment. The rear
pad 214 has an interior side 250 (i.e., facing toward the user), and an exterior side
252 (i.e., facing away from the user and toward the wearable (not shown, see 214 in
Figure 7)). The rear pad 214 also has a first axis 254 and a second axis 256 that are
substantially orthogonal to each other.

[0080] The rear pad 214 is substantially concave about the first axis 254, which is
configured to approximate the shape of a typical users head (i.e., approximately
around an offset circumference of the user's head). The concavity about the first
axis 254 allows the rear pad 214 to support the wearable 210 evenly across all
points along the second axis 256. The rear pad 214 is substantially convex about
the second axis 256. This design is the opposite of existing pads that are designed
to maximize contact with the user’'s head by approximating the contours of the user's
head so that even pressure is applied over the entire pad. A tangential relationship
between the second axis 256 and the resultant force (see compressive reactive force
C in Figure 11) created by contact between the rear pad 214 and the user's 50 head
is achieved with the convexity of the rear pad 214 as discussed above with respect
to the left pad 212. This configuration reduces hotspots and increases user comfort

when wearing the wearable 210 while providing stability and support.
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[0081] Figure 17 depicts a rear pad 214’ according to another embodiment. The
rear pad 214 in Figure 17 has a shape similar to the shape of the rear pad 214 in
Figure 16. However, the rear pad 214’ in Figure 17 is larger than the rear pad 214 in
Figure 16. In particular, a depth dimension between the interior side 250’ and the
exterior side 252’ may be larger than the depth dimension between the interior side
250 and the exterior side 252 of rear pad 214 in Figure 16. Accordingly, the rear pad
214’ in Figure 17 can be used with a larger wearable (not shown) to increase the
number of users that can comfortably use the system. In some embodiments, users
with an anthropometric head measurement from the forehead to the back of the
head that is smaller than a pre-determined threshold dimension may use a larger
pad for improved fit.

[0082] The rear pad 214’ has an interior side 250’ (i.e., facing toward the user),
and an exterior side 252’ (i.e., facing away from the user and toward the wearable
(not shown)). The rear pad 214’ also has a first axis 254’ and a second axis 256’
that are substantially orthogonal to each other.

[0083] Figure 18 is an exploded view of a left pad 212 according to one
embodiment. The left pad 212 includes a dampening portion 410 adjacent the
interior side 220 (see Figure 12) of the left pad 212. The dampening portion 410 is
configured to minimize transmission of vibrations from the system to the user 50.
The dampening portion 410 may include EVA foam. Without the dampening portion
410, audio components such as speakers 106 (see Figure 1) may vibrate various
other components and cause various unintended system noises (e.g., buzzing) by
causing movement or contact between portions of the pad 212 and the frame 102 of

the wearable 210 (see Figures 1 and 7).
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[0084] The next layer in the left pad 212 is a first adhesive layer 412, which
includes a first portion 412a and a second portion 412b. First portion 412a may be a
pressure sensitive adhesive and second portion 412b may be a liquid adhesive. The
first adhesive layer 412 is configured to couple the dampening portion 410 to a
carrier portion 414, which is described below.

[0085] The next layer in the left pad 212 is the carrier portion 414, which may be
made from a hard plastic. The carrier portion 414 is configured to removably couple
the left pad 212 to a frame 102 of the wearable 210 (see Figures 1 and 7). In order
to accomplish this removable coupling, the carrier portion 414 depicted in Figure 18
includes a connector 416. In particular, the connector 416 is a snap fits
connector/component. Removably coupling the left pad 212 allows the left pad 212
to be removed for cleaning, replaced due to wear, interchanged for a different size,
or to allow multiple users to use the same wearable 210.

[0086] The next layer in the left pad 212 is a second adhesive layer 418. The
second adhesive layer 418 may be a general adhesive. The second adhesive layer
418 may include only biocompatible adhesives.

[0087] The next layer in the left pad 212 is a compressible portion 420. The
compressible portion 420 may include thermal formed polyurethane (PU) memory
foam. The compressible portion 420 is configured to accommodate wearables and
users of various sizes while maintaining stability and comfort. The compressible
portion 420 is configured to increase the comfort of a user wearing the audio-visual
display system/wearable 210.

[0088] The next layerin the left pad 212 is a cover portion 422. The cover portion
422 may include a non-permeable material such as PU. Other materials that can be

cleaned, are antimicrobial, or have other properties beneficial for good hygiene can
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also be used such as microfiber and other textile materials. The cover portion 422
can contribute to bio compliance certification. The cover portion 422 may also have
a textured surface (e.g., the leather type surface) to increase the frictional reactive
force F depicted in Figures 10 and 11. The textured surface has an increased
coefficient of friction compared to a non-textured outer surface. The cover portion
422 provides advantages such as aesthetics, feel, durability, stain resistance, etc.
[0089] Figure 19 is an exploded view of a rear pad 214 according to one
embodiment. The rear pad 214 includes a dampening portion 510, a first adhesive
layer 512, a carrier portion 514, a second adhesive layer 516, a compressible portion
520, and a cover portion 522. These portions of the rear pad 214 are almost
identical to the corresponding portions of the left pad 212 depicted in Figure 18. One
difference between the rear pad 214 and the left pad 212 is their respective sizes
and shapes.

[0090] Figure 20 is an exploded view of a front pad 218 according to one
embodiment. The front pad 218 includes a first adhesive layer 612, a carrier portion
614, a second adhesive layer 616, a compressible portion 620, and a cover portion
622. These portions of the front pad 218 are almost identical to the corresponding
portions of the left pad 212 depicted in Figure 18. One difference between the front
pad 218 and the left pad 212 is their respective sizes and shapes. Another
difference is that the front pad 218 depicted in Figure 20 does not have a dampening
portion. In some embodiments, front pad 218 further includes connector
components (not shown) configured to allow easy fastening and removal to the
frame 102 of the wearable. For example, mechanical fasteners, magnetic fasteners,
or a combination can be used. Use of magnetic fasteners can reduce “play”

between parts and the need for dampening.
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[0091] Figure 21 is an exploded view of a front pad 218 according to another
embodiment. The front pad 218’ in Figure 21 has a shape similar to the shape of the
front pad 218 in Figure 20. However, the front pad 218’ in Figure 21 is larger than
the front pad 218 in Figure 20. Accordingly, the front pad 218’ in Figure 21 can be
used with a larger wearable (not shown) to increase the number of users that can
comfortably use the system. In some embodiments, the larger front pad 218’ can be
interchanged or used in tandem with the smaller front pad 218 to accommodate
different head sizes of a wide range of users. For example, in embodiments where
the wearable includes a rigid frame with limited adjustability, a user with a small
front-to-back head measurement may prefer to use the larger front pad 218 or both
smaller pad 218 and larger pad 218’ to help fill extra space in the wearable because
such padding configurations have an increased thickness compared to the smaller
front pad 218.

[0092] Figures 22 and 23 depict the effect of a convex carrier 414b versus a
concave carrier 414a in respective carrier pads 214b, 214a. Because the padding
system 210a in Figure 22 includes a concave carrier 414a, sharp corners 230 on the
wearable can make contact with the users 50 head, causing user discomfort and
reducing system usability. Because the padding system 210b in Figure 23 includes
a convex carrier 414b, sharp corners 230 on the wearable do not make contact with
the user's 50 head, increasing user comfort and system usability.

[0093] Figure 24 depicts a compressible material 700, such as that in front pad
218, under load 710. The load 710 causes compression in the material 700
corresponding to a change in the thickness 720 of the material 700. In some
embodiments, the compressible material 700 may be placed against a rigid surface

that does not deflect under load 710. In such configurations, compressible material
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700 accommodates the force of load 710 by deflecting and changing thickness in
accordance with the material properties of compressible material 700.

[0094] Figure 25 depicts various functional zones relative to a display/exit pupil
expander 800. If a users eye is positioned in zone 820, the user's eye can see the
display 800 and the eye tracking (ET) sensor 802 can detect the user's eye. In zone
830, while the users eye can see the display 800, the eye tracking sensor 802
cannot detect the user's eye. In one embodiment, increasing the distance between
the wearable and the user's 50 forehead moves the user's eye into zone 820 where
both the display field of view and eye tracking sensor visibility are acceptable and
where the user's eyelashes are far enough away from the display to prevent contact
during a blink (boundary 808). One or more front pads can be designed to
accommodate this function.

[0095] For example, if the user dons the wearable with the small front pad 218
and the eye is positioned at first location 804 with respect to the EPE 800 and the
eye tracking sensor 802, the user's eye is at a point within zone 830 that is furthest
away from zone 820; the eye should be within zone 820 to be able to see the full
display field of view, for the eye tracking sensor to see and track the user’'s eye, and
to prevent the users eyelashes from contacting the display with EPE 800 during a
blink. In some embodiments, the dimension 810 of the zone 830 is approximately
3mm. Thus, to move the eye from the innermost boundary of zone 830 into zone
820, the user's eye must move away from the EPE 800 and eye tracking sensor 802
by at least 3mm. Another front pad (e.g., 218’) may be provided in addition to or in
place of the small front pad that can move the user's head away from the EPE 800

and the user's eye to a second location 806 in zone 820.
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[0096] Figures 26 to 33 depict a left pad 212 according to some embodiments
from various views. Figures 34 to 41 depict a rear pad 214 according to some
embodiments from various views. Figures 42 to 49 depict a right pad 216 according
to some embodiments from various views. Figures 50 to 57 depict a front pad 218
according to some embodiments from various views.

[0097] The disclosure includes methods that may be performed using the subject
devices. The methods may comprise the act of providing such a suitable device.
Such provision may be performed by the user. In other words, the “providing” act
merely requires the user to obtain, access, approach, position, set-up, activate,
power-up or otherwise act to provide the requisite device in the subject method.
Methods recited herein may be carried out in any order of the recited events which is
logically possible, as well as in the recited order of events.

[0098] Exemplary aspects of the disclosure, together with details regarding
material selection and manufacture have been set forth above. As for other details
of the present disclosure, these may be appreciated in connection with the above-
referenced patents and publications as well as generally known or appreciated by
those with skill in the art. The same may hold true with respect to method-based
aspects of the disclosure in terms of additional acts as commonly or logically
employed.

[0099] In addition, though the disclosure has been described in reference to
several examples optionally incorporating various features, the disclosure is not to
be limited to that which is described or indicated as contemplated with respect to
each variation of the disclosure. Various changes may be made to the disclosure
described and equivalents (whether recited herein or not included for the sake of

some brevity) may be substituted without departing from the true spirit and scope of
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the disclosure. In addition, where a range of values is provided, it is understood that
every intervening value, between the upper and lower limit of that range and any
other stated or intervening value in that stated range, is encompassed within the
disclosure.

[00100] Also, it is contemplated that any optional feature of the inventive variations
described may be set forth and claimed independently, or in combination with any
one or more of the features described herein. Reference to a singular item, includes

the possibility that there are plural of the same items present. More specifically, as

LTS »ou

used herein and in claims associated hereto, the singular forms “a,” “an,” “said,” and
“the” include plural referents unless the specifically stated otherwise. In other words,
use of the articles allow for “at least one” of the subject item in the description above
as well as claims associated with this disclosure. It is further noted that such claims
may be drafted to exclude any optional element. As such, this statement is intended

»ou

to serve as antecedent basis for use of such exclusive terminology as “solely,” “only”
and the like in connection with the recitation of claim elements, or use of a “negative”
limitation.

[00101] Without the use of such exclusive terminology, the term “comprising” in
claims associated with this disclosure shall allow for the inclusion of any additional
element--irrespective of whether a given number of elements are enumerated in
such claims, or the addition of a feature could be regarded as transforming the
nature of an element set forth in such claims. Except as specifically defined herein,

all technical and scientific terms used herein are to be given as broad a commonly

understood meaning as possible while maintaining claim validity.
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[00102] The breadth of the present disclosure is not to be limited to the examples
provided and/or the subject specification, but rather only by the scope of claim
language associated with this disclosure.

[00103] In the foregoing specification, the disclosure has been described with
reference to specific embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader
spirit and scope of the disclosure. For example, the above-described process flows
are described with reference to a particular ordering of process actions. However,
the ordering of many of the described process actions may be changed without
affecting the scope or operation of the disclosure. The specification and drawings

are, accordingly, to be regarded in an illustrative rather than restrictive sense.
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Claims

1. A head mounted device padding system, comprising:

a pad having an interior side and an exterior side, the interior side of the pad

having
a substantially concave first curvature about a first axis of the pad; and
a substantially convex second curvature about a second axis of the
pad.
2. The system of claim 1, wherein the first and second axes of the pad

are substantially perpendicular to each other.

3. The system of claim 1, wherein the substantially concave first curvature

is configured to approximate a first body curvature of a user.

4, The system of claim 1, wherein the substantially convex second

curvature is configured to direct a force resulting from contact between the pad and a

users head toward a direction tangential to the second axis.

5. The system of claim 1, wherein the pad is configured to minimize

hotspots or sharp corners between the system and a user.

6. The system of claim 1, wherein the pad is configured to direct a force

normal corresponding to the system to the center of the pad.
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7. The system of claim 6, wherein the pad is configured to increase

stability of the system on a user wearing the system.

8. The system of claim 1, the pad comprising:

a first portion adjacent the interior side;

a first adhesive layer adjacent to and external of the first portion;

a carrier adjacent to and external of the first adhesive layer;

a second adhesive layer adjacent to and external of the frame;

a second portion adjacent to and external of the second adhesive layer; and

a cover adjacent to and external of the second portion.

9. The system of claim 8, wherein the first portion is configured to

dampen vibrations from the system.

10. The system of claim 8, wherein the first adhesive layer comprises an

adhesive layer and a liquid adhesive.

11.  The system of claim 8, wherein the carrier comprises a snhap-fit

component.

12. The system of claim 8, wherein the second portion is configured to

increase stability of the system on a user wearing the system.

13.  The system of claim 8, wherein the cover comprises a non-permeable

material.
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14. The system of claim 8, wherein the cover comprises a textured outer
surface having an increased coefficient of friction compared to a non-textured outer

surface.

15. A head mounted device padding system, comprising:

first and second front pads;

a rear pad; and

left and right side pads,

where each of the first and second front pads, the rear pad, and the left and
right side pads has an interior side and an exterior side, the interior side of the

respective pad having
a substantially concave first curvature about a first axis of the
respective pad; and
a substantially convex second curvature about a second axis of the

respective pad.

16. The system of claim 15, wherein a line from a center of the first and
second front pads to a center of the rear pad forms an angle with a transverse plane

of a user’'s head.

17.  The system of claim 16, wherein the angle is about 10 degrees.
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18. The system of claim 15, wherein the substantially convex second
curvature of the rear pad is less convex than the substantially convex second

curvature of the left and right side pads.

19. The system of claim 15, wherein the first and second front pads are

stiffer than the rear pad and the left and right side pads.

20. The system of claim 15, wherein the first and second front pads have a

smaller than 3 mm change in thickness between an uncompressed, unworn state

and a compressed, worn state.

35



WO 2020/006284 PCT/US2019/039581

1757

102

54

»Local PmcesssingE
! & Data Module |

I Remote | | Remote
(Processing; | Data
I Module ! !Repository |

FIG. 1



WO 2020/006284

130

PCT/US2019/039581

2157

i Remote |
_~¥ Processing |
138 =" 1 Module |

R o e * | Remote |
Local Prccessimg}imw mmmmmmmmmmm » Data |
| & Data Module | N\ [Repository!
wwwwwwwwwwww KT —
134

110~

FIG. 2



WO 2020/006284 PCT/US2019/039581

3757

54 /

;532 ”?34
I Remote Remote

bt

bt
'Processing) | Data
! Module ! Repository!

110"

Local
Processing
& Data
Module

-
i
i
!
:
i
;
§
f
i
!
i

o |
;
§
i
!
:
ke

58



WO 2020/006284 PCT/US2019/039581

4/57

1Processing ke
b Module !

! Remote |
b Data |
i
i

FIG. 4



WO 2020/006284 PCT/US2019/039581

5157

150
A

ﬂ

i

4
FIG. 5

Multi-plane focal system

Display
ptics

g[_l
User



WO 2020/006284 PCT/US2019/039581

6 /57

200 <

FIG. 6



WO 2020/006284 PCT/US2019/039581

7157

FIG. 7



WO 2020/006284

87157

PCT/US2019/039581

FIG. 8



PCT/US2019/039581

WO 2020/006284

9757

200

FIG. 9



PCT/US2019/039581

WO 2020/006284

10757

200

h

FPad
Compression

- N,
R

Reaction

oy
2
/&
Fai=
£
O

Y

\\X/// 3

Pc:siﬁ\ig

FIG. 10



WO 2020/006284 PCT/US2019/039581

11757

FIG. 11




WO 2020/006284

212
~N

12757

224"

FIG. 12

P o
> S P
T —— >

PCT/US2019/039581

A—226




WO 2020/006284 PCT/US2019/039581

13757

UssrA

Left pad

FIG. 13A
FIG. 138

UserB .

FIG. 13C N
FIG. 13D



WO 2020/006284 PCT/US2019/039581

14 /57

212
N

FIG. 14



WO 2020/006284 PCT/US2019/039581

15757

212
~

FIG. 15



WO 2020/006284 PCT/US2019/039581

16 /57




WO 2020/006284 PCT/US2019/039581

17 7157

214\}&

FIG. 17



WO 2020/006284 PCT/US2019/039581

18757

412a

A4
412

4120

212
A

414 416
F1G. 18

418




WO 2020/006284

214
A

19757

510

PCT/US2019/039581

W
512

512b

FIG. 19



WO 2020/006284 PCT/US2019/039581

20/ 57

218<

FIG. 20



21157

218" <

FIG. 21



WO 2020/006284 PCT/US2019/039581

22 1 57




WO 2020/006284 PCT/US2019/039581

23157




WO 2020/006284

PCT/US2019/039581
24 [/ 57
710
<«
600g
10000g
At 720
A@//n

FIG. 24



PCT/US2019/039581

WO 2020/006284

25157

" uoibas Aljgisia

eISlBd
(13) Bupjors aig

LOHBO0] JolUaD 848 puodsS 908

..%mm& AJICISIA
A0 Agidsip
+ AUICISIA BISWIRD | T

AuiisiA
BJOWERD [T ON
0es

018

- - g
- - .
- e £
-
- -
- on
- -
-
o~
-

4 uoibei
£ AlaIsia Ao
Aejdsig

P08
LOEOO)
18180 8A8 18014

ddd
008




PCT/US2019/039581

WO 2020/006284

26/ 57

200

o

s
N
v

St

!

7

4

w Ju e Y

2
&
s

FIG. 26



PCT/US2019/039581

WO 2020/006284

27 1 57

FIG. 27



WO 2020/006284 PCT/US2019/039581

28/ 57




PCT/US2019/039581

WO 2020/006284

29157

212
~

FIG. 29



WO 2020/006284

30757

PCT/US2019/039581

N




WO 2020/006284 PCT/US2019/039581

31757




WO 2020/006284 PCT/US2019/039581

32157

212
K

FIG. 32



WO 2020/006284 PCT/US2019/039581

331757

212
~

FIG. 33



PCT/US2019/039581

WO 2020/006284

34 /57

200

FIG. 34



WO 2020/006284 PCT/US2019/039581

351757

—~252

FIG. 35



WO 2020/006284 PCT/US2019/039581

36/ 57

214
~

T
T | B
—= | l:f;'“’
e /T/ I i ia
o




WO 2020/006284 PCT/US2019/039581

37157




PCT/US2019/039581

WO 2020/006284

38757

FIG. 38



WO 2020/006284 PCT/US2019/039581

38757

FIG. 39



WO 2020/006284 PCT/US2019/039581

40/ 57

214
oy

FIG. 40



WO 2020/006284 PCT/US2019/039581

41 /57

FIG. 41



PCT/US2019/039581

WO 2020/006284

42/ 57

200

FIG. 42



WO 2020/006284

260

PCT/US2019/039581

43 /57

216
™y
262
266 ;




WO 2020/006284 PCT/US2019/039581

44 / 57




PCT/US2019/039581

WO 2020/006284

45/ 57

216
~

FIG. 45



WO 2020/006284 PCT/US2019/039581

46 / 57

FIG. 46



PCT/US2019/039581

WO 2020/006284

47 / 57

216
\

260

J

264

FIG. 47



WO 2020/006284 PCT/US2019/039581

48 / 57

FIG. 48



WO 2020/006284 PCT/US2019/039581

49/ 57

216
¥

FIG. 49



PCT/US2019/039581

WO 2020/006284

50757

200

FIG. 50



WO 2020/006284 PCT/US2019/039581

51757

218
N

274

FIG. 51



WO 2020/006284 PCT/US2019/039581

52157

FIG. 52



WO 2020/006284 PCT/US2019/039581

531757

218
~N




WO 2020/006284 PCT/US2019/039581

54 /57

218
N




WO 2020/006284 PCT/US2019/039581

551757

218
N




WO 2020/006284 PCT/US2019/039581

56/ 57

218
N

FIG. 56



WO 2020/006284 PCT/US2019/039581

57157

218
N

FIG. 57



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 19/39581

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - G02B 27/01, GO2B 27/02 (2019.01)
CPC

- G02B 27/0172, G02B 27/0176, GO6T 19/006,
7/1405, A43B 7/1465, A43B 7/148, A42B 3/04, A42B 3/063, A61F 5/30

G02C 5/12, A42B 3/125, A43B 5/0405, A43B

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X ~ KR 200486291 Y1 (No In Hwan) 4 June 2018 (04.06.2018), entire document, especially Fig. 1- | 1-13
- 3, para [0025), [0029], [0031], [0032], [0035), [0036}, [0037) | e
Y 14
A 18-20
X US 2015/0272257 A1 (Bell Sports, Inc) 1 October 2015 (01.10.2015), entire document, 15-16
- especially Fig. 2B, para(0026) e
Y 17
Y US 2013/0139304 A1 (Kimberly-Clark Worldwide, Inc.) 6 June 2013 (06.06.2013), entire 14
document, especially Fig. 2, para [0028]
A US 2017/0192198 A1 (Oculus) 6 June 2017 (06.06.2017), entire document 1-20
A US 2017/0153672 A1 (Samsung) 1 June 2017 (01.06.2017), entire document 1-20
A US 9,470,906 B2 (Magic Leap) 18 October 2016 (18.10.2016), entire document 1-20
A CN205880373 (BPTC) 11 January 2017 (11.01.2017), entire document 1-20

[:I Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination -

being obvious to a person skilled in the art
“&” document member of the same patent family

Date of the actual completion of the international search

20 August 2019

Date of mailing of the international search report

090CT 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - wo-search-report

