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(57) Abstract: Systems and methods for displaying a cursor and a focus indicator associated with real or virtual objects in a virtual,
augmented, or mixed reality environment by a wearable display device are disclosed. The system can determine a spatial relationship
between a user-movable cursor and a target object within the environment. The system may render a focus indicator (e.g., a halo,
shading, or highlighting) around or adjacent objects that are near the cursor. When the cursor overlaps with a target object, the system
can render the object in front of the cursor (or not render the cursor at all), so the object is not occluded by the cursor. The object can
be rendered closer to the user than the cursor. A group of virtual objects can be scrolled, and a virtual control panel can be displayed

indicating objects that are upcoming in the scroll.

[Continued on next page]



WO 2019/1:52286 A2 |10 0000 00 0O OO

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2019/152286 PCT/US2019/015274

ECLIPSE CURSOR FOR VIRTUAL CONTENT IN MIXED REALITY DISPLAYS

COPYRIGHT STATEMENT
16001} A portion of the disclosure of this patent document contains material
which 15 subject to copyright protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document or the patent disclosure, as it
appears in the Patent and Trademark Office patent file or records, but otherwise reserves all

copyright rights whatsoever.

RELATED APPLICATIONS
[6002] This application is a continuation U.8. Patent Application No. 15/920830,
filed March 14, 2018, entitled “ECLIPSE CURSOR FOR VIRTUAL CONTENT IN MIXED
REALITY DISPLAYS” and is a continuation-in-part of U.S. Patent Application
No. 15/884,117, filed Janwary 30, 2018, entitled “ECLIPSE CURSOR FOR MIXED
REALITY DISPLAYS,” cach of which is hereby incorporated by reference herein in its

enfirety.

FIELD
{6083] The present disclosure relates to virtual, augmented, or mixed reality
imaging and visualization systems and more particularly to assigning a focus indicator to one

or more real or virtual objects in the field of view of a user.

BACKGROUND
{6004] Modern computing and display technologies have facilitated the
development of systerns for so called "virtual reality”, "augmented reality”, or “mixed
reality” experiences, wherein digitally reproduced images or portions thereof are presented to
a user in a manmer wherein they seem {o be, or may be perceived as, real. A virtual reality, or
"WR", scenario typically mvolves presentation of digital or virtual image information without

transparency to other actual real-world visual input; an augmented reality, or "AR", scenario
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typically involves presentation of digital or virtual image information as an augmentation to
visualization of the actual world around the user; a mixed reality, or “MR”, related to
merging real and virtual worlds to produce new environments where physical and virtual
objects co-exist and interact 1o real time. As it turns out, the human visual perception system
is very complex, and producing a VR, AR, or MR technology that facilitates a comfortable,
natural-feeling, rich presentation of virtual image elements amongst other virtual or real-
world imagery elements is challenging. Systems and methods disclosed herein address

vartous chalienges related fo VR, AR and MR technology.

SUMMARY

[6005] Techniques for displaying a cursor and a focus indicator associated with
real or virtual objects in a virtual, augmented, or mixed reality environment by a wearable
display device are described. For example, rendening the cursor 1 front of objects in the
environment tends to occlude the object and place more emphasis in the visual hierarchy on
the cursor 1tself rather than a target object being interacted with, Accordingly, embodiments
of the wearable system can utilize an eclipse cursor that moves behind the target object {e.g.,
s0 that the cursor 18 “eclipsed” by the target object), which tends to preserve the emphasis on
the target object, rather than the cursor, in the user’s visual hierarchy. To aid the user in
navigating the cursor among the objects in the environment, the system can render a focus
indicator around objects pear the cursor. The focus indicator may comprise a halo, shading,
or highlighting around at least portions of objects near the cursor. The focus indicator may be
emphasized (e.g., brighter, a different color or shade, or larger size) closer to the cursor (and
deemphasized farther from the cursor), which provides visual cues to the user in navigating
the cursor among objects in the environment and selecting a target object. The eclipse cursor
and focus indicator can provide the user with a more natural and immersive user experience.

[86006] In various embodiments, a wearable display system can deternune a
spatial relationship between a user-movable cursor and one or more target objects within the
environment. For example, the user may move the cursor by actuating a hand-held user input
device {e.g., a totem). The wearable system may render a focus indicator {e.g., a halo,
shading, or highlighting) around or adjacent to objects that are near the cursor. The focus

indicator may be emphasized in directions closer o the cursor and deemphasized in
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directions farther from the cursor. When the cursor overlaps with a target object, the system
can render the cursor behind the object {or not render the cursor at all}, so the object is not
occluded by the cursor {e.g., the object eclipses the cursor). The cursor and focus indicator
can provide the user with positional feedback and help the user navigate among objects in the
environment.

[B6087] In various aspects, a wearable display system can inchude a user interface
that presents to the user a plurality of interactable virtual items arranged in 3 grid (regular or
irregular) of thumbnails disposed at one or more depths. A thumbnail can compnise a
miniature representation of the virtual item (e.g., a document page or an image} that can be
used to wdentify the virtual item by s confents. In some implementations, selecting {e.g.,
chicking or double-chicking) the thumbuail opens the content of the virtual iem (e.g., by
executing an application configured to run, play, view, or edit the virtual content). A
thumbunail can be rendered so that it appears at one depth (e.g., as a 2D thumbnail) or at
multiple depths {(e.g., so that it appears 3D). In response {o a cursor moving behind one of the
thumbnails in the gnd, the thumbnail for that item may be rendered with one or more of the
following effects: expanding in size, including a focus indicator {e.g., a halo swrounding at
least a portion of the thumbnail), moving fo a different depth (e.g., to a depth appearing
closer to the user), or having different virtual content {e.g., a higher resolution image, a
caption, a sound, play of a video or animation of a graphic, ¢tc.}. The thumbnails may be
ordered according to one or more grouping critena (e.g., alphabetically by item name,
content type, date, etc.). The grid of thumbnails may be scrollable by the user {(e.g., using
head, eve, or body gestures, or user input from a totem). Duning scrolling edges of the grid
{e.g., in directions of scrolling) may dynamically display indications of virtual content that is
next to be displayed (c.g., upcoming content} during the scroll {e.g., as semi-transparent
thumbnails, optionally at a different depth than the edge of the grid).

[6008] In various aspects, the disclosure provides the omamental design for a
display screen or a portion thereof with an icon or with a transitional (e.g., animated)
graphical user interface. An augmented, mixed, or virtual reality display device can comprise
the display screen or portion thereof,

[6009] Details of one or more implementations of the subject matter described in

this specification are set forth in the accompanying drawings and the description below,
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Other features, aspects, and advantages will become apparent from the description, the
drawings, and the claims. Neither this summary nor the following detailed description

purports to define or limit the scope of the inventive subject matter,

BRIEF DESCRIPTION OF THE DRAWINGS

{6010 FIG. | depicts an illustration of a mixed reality scenario with certain
virtual reality objects, and certain physical objects viewed by a person.

{6011} FIG. 2 schematically iHustrates an example of a wearable system.

{6012] FIG. 3 schematically illustrates aspects of an approach for simulating
three-dimensional imagery using multiple depth planes.

6013} FIG. 4 schematically illustrates an example of a wavegnide stack for
outputting image information to a user.

{6014] FIG. 5 shows example exit beams that may be outputted by a waveguide,

{6015} FIG. 6 13 a schematic diagram showing an optical system mncluding a
waveguide apparatus, an optical coupler subsystem to optically couple hight to or from the
waveguide apparatus, and a conirol subsystem, used in the generation of a multi-focal
volumetric display, image, or light field.

{B6016] FIG. 7 is a block diagram of an example of a wearable system.

{6017} FIG. 8 15 a process flow diagram of an example of a method of rendering
virtual content 1o relation fo recognized objects.

{B018] FIG. 9 is a block diagram of another example of a wearable system.

{6019] FIG. 10 1s a process flow diagram of an example of a method for
determining user input to a wearable system,

{6020} FIG. 11 is a process flow diagram of an example of a method for
interacting with a virtual user interface.

[6021] FIGS. 12A-12C illustrate various examples of an object and cursor that
can be perceived by the user via the wearable system,

{6022} FIGS. 13A and 13B illustrate non-limiting embodiments of a focus
indicator and a cursor,

16023] FIGS. 14A-14C illustrate an example of a cursor and an object in a 3D

environment perceivable by the user via the wearable display system,
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[06024] FIGS. 1SA and 15B illustrate examples of implementations of multiple
focus indicators having various intensities, positions, or spatial extents based on the cursor’s
proximity to an object’s location within the environment.

{6025] FIGS. 16A-16D illustrate an exaraple of a process of rendering a focus
indicator.

{6026} FIG. 17 shows an example of a grid and user input on a totem (with a
touch sensitive surface).

{6027} FIGS. 18A-18C illustrate an example of a cursor moving toward an object
having a focus indicator.

[6028] FIGS. 19-22 illustrate various examples of focus indicators that can be
rendered by the system.

16029} FIG. 23 15 a flowchart that illustrates an example method for rendering a
focus ndicator in a 3D scene.

{6030} FIGS. 24-28 are front views of embodiments of a display screen or a
portion thereot with an icon.

[6831] FIGS. 29A-29F are front views of an cmbodiment of a transitional
sequence for a graphical user interface (GUT) on a display screen or a portion thereof,

{6032] FIGS. 30A-30F illustrate an embodiment of a transitional sequence for a
GUI on a display screen or a portion thereof,

[6033] FIGS. 31A-31C idlustrate an embodiment of a transitional sequence for a
GUI on a display screen or a portion thereof,

{6034} Throughout the drawings, reference numbers may be re-used to indicate
correspondence between referenced elements. The drawings are provided to illustrate
example embodiments described herein and are not intended to limit the scope of the
disclosure. Additionally, the figures in the present disclosure are for illustration purposes and

are not to scale.

DETAILED DESCRIPTION
Qverview
{B035] A wearable device can include a display for presenting an interactive

VR/AR/MR environment. The VR/AR/MR environment can include data elements that may
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be interacted with by the user through a variety of poses, such as, e.g., head pose, eye gaze,
or body pose or user input through a user input device. To provide the user with an accurate
sense of the user’s interaction with real or virtual objects in the VR/AR/MR environment, the
system may render an on-screen visual aid to assist the user in navigating amoung and
selecting or interacting with objects in the environment.

[6036] In some cases, on-screen visual aids can include a wvirtwal cursor
{sometimes also referred to herein as a reticle) that responds to user interaction {e.g., user
input via a hand-held fotem) and dentifies (o the user) the position of a movable indicator
that can be used to select or interact with objects in the VR/AR/MR environment. For
exarnple, the user may move his or her thumb on a touch-sensitive portion of a totem to move
the cursor around in the 3D VR/AR/MR environment. When the cursor 1s sufficiently close
to or hovers over an object, the user may be able to select or interact with the object (e.g., by
pressing the touch-sensitive portion of the totem), which may initiate further context-
dependent functionality by the wearable device. For example, the user may move a cursor
near a virtual video display that is showing a movie and select the display fo bring up a menu
of other movie choices, volume control, and so forth. In some cases, the cursor is displayed
to the user so that the user can readily locate the cursor in the environment. This may occur
in relatively sparse environments where there are relatively few objects. In other cases, the
cursor is not displayed to the user and the focus indicators described herein (e.g., glows
around objects) are used to provide visual cues to the user as to the location of the cursor
{e.g., the cursor is positioned near the object with the brightest glow). This may occur n
relatively dense environments where there are relatively many objects and the display of the
cursor itself may not be needed or may be distracting.

[6037] However, a conventional cursor 1s rendered with no consideration of scene
content. In other words, as the cursor is moved around the VR/AR/MR environment, the
cursor moves over {e.g., 18 rendered in front) of the objects within the environment,
Continuing with the exarople above, the conventioval cursor may appear m front of the
virtual video display which not only occludes the virtual display but distracts the user from
the content being shown {e.g., the user will tend to focus more on the cursor itself than the

movie, which can be distracting).

-6-
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[6038] Consequently, when a cursor 1s hovening over an object or is used to select
the object, the cursor actually occludes or covers at least a portion of the object. This
obstructed view of the object can greatly impact a user’s experience within the environment,
For example, the object can include content such as text, images, or the hike, and the user
may find difficulty in selecting the object while also viewing the content of the object.

{6039} While these problems are present in a 2D environment, they can be
exacerbated in a 3D environment. For example, in a 2D environment, the objects and the
cursor do not have depth. Thus, rendering the cursor in front of an object comsists of
rendering the cursor and the object on the same plane. In contrast, in a 3D environment, 3
cursor and the obiects do have depth relative to the user. Accordingly, at a given time, a
cursor in a 3D enviromment is pot necessarily at the same depth as an object in that
environment. For example, the cursor may be closer to or farther away from the user relative
to an object. Due to this difference i depth, if the user focuses on one of the object or the
cursor, the other may appear blurry to the user due to the accommodation disparity between
the relative depths. Further, even in instances where a cursor and an object do have the same
or similar depth within a 3D environment relative to the user, for the cursor to “roll over” the
object in 3D space, the system must change the depth of the cursor o avoid the appearance of
the cursor moving through the object. For example, as illustrated in Fig. 12A and 128, the
system may move the cursor closer to the user such that the cursor is displayed as if it were
located between the object and the user. By rendering the cursor closer to the user, the system
is effectively {and possibly undesirably) emphasizing the cursor relative to the object, since a
person’s eyes are typically drawn to objects that are closer o the viewer, and a user 18 more
tikely to focus on the cursor because it appears closer to the user than the obiject.

[60406] To address these and other problems, embodiments of the system can
render an on-screen visual aid that is content aware. For example, when a cursor and an
object overlap, the systern can render the cursor behind (rather than in front of) the object or
not render the cursor at all (because the cuorsor is behind the object and vot visible to the
user), Thus, the cursor does not block the object from the user’s vision, and the system does
not nadvertently emphasize the cursor by rendering it closer to the user. Embodiments of
such a cursor {(or reticle) are sometimes referred to as an eclipse cursor or an eclipse reticle,

because the farget object “eclipses” the cursor,
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[6041] When a cursor is echipsed by an object, it may be difficult for the user to
get an accurate sense of where the user is pomnting toward within the scene or an accurate
sense of where the cursor is currently located. That is because the cursor is at least partially
blocked by the object. Accordingly, to continue to offer the user an accurate sense of the
cursor’s position within the environment, the system can render another {or an alternative)
on-screen visual aid {e.g., a focus mdicator) to emphasize the object when a cursor moves
behind {or within a distance threshold of) that object.

{6842] A focus indicator can include a halo, a color, a perceived size or depth
change {e.g., causing the object to appear closer or larger when selected), shading, virtual
rays, or other graphical highlighting emanating from or associated with the object which
tends to draw the user’s attention. For example, the focus mdicator can include a glow that
appears to radiate outward from an object, as if a glowing light source were situated behind
the object (30 that the object “eclipses” the light source). The intensity of the glow may be
more intense close to the outer edges of the object and less intense at larger distances from
the outer edges of the object. Because the focus indicator does not occlude the object (since
the focus indicator is typically rendered at least partially surrounding the object), the focus
indicator instead emphasizes the object and advantageously provides the user with a user-
friendly, non-distracting alternative to the cursor to indicate which object is currently being
interacted with.

[6043] In some cases, a cursor can appear to have an attractive effect relative to
an object such that a proximity of the cursor to the object affects an intensity or positioning
of a focus indicator or the cursor. The attractive effect may tend to act as if the cursor and
object {or focus indicator) were magnetically or gravitationally attracted to each other. For
example, in some cases, each object may have a focus indicator {¢.g., outer glow), and an
intensity, size, or location of the focus indicator may vary based on the location of the cursor
relative to the object {or focus indicator). For example, as the cursor moves closer to an
object, the focus indicator of that object can become brighter, more ntense, or move in the
direction of {e.g., as if pulled towards) the cursor. As the cursor is moved closer to the object,
the system roay render the cursor is if it were being pulled behind the object, while at the
same fime increasing an intensity of the focus indicator. This behavior may permit the user to

more naturally and casily select objects, because as the cursor gets close to a desired, target
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object, the cursor is pulled toward (or snaps onto) the closest object without the user having
to make fine adjustments to position the cursor on the target object. The cursor therefore may
behave as if it had mass or inertia {(so that the cursor tends to keep moving in an initially
applied direction) and 1s pulled by the attractive effect toward nearby objects. Ags the cursor’s
location within the environment changes, so can an intensity of a focus indicator(s)
associated with object(s) nearby the cursor,

[6844] In some cases, the system can assign a focus indicator to more than one
object or a focus indicator can have a varying intensity or glow which can fade m or out, for
example, based on an object’s proximity to the cursor’s location within the environment.
Accordingly, one or more focus indicators can offer positional feedback to the user by
emphasizing one or more objects, for example, at varving intensities. The varying inteusity or
glow can shift in position as user input shifts to provide sustained mput feedback and an
accurate sense of cursor position,

[6045] In various aspects, the system can include a user interface that presents to
the user a plurality of interactable virtual items arranged in a gnd (regular or wregular) of
thumbnails disposed at one or more depths. In response to a cursor moving behind one of the
thumbnails in the gnid, the thumbnail for that item may be rendered with one or more of the
following effects: expanding in size, including a focus indicator {e.g., a halo surrounding at
least a portion of the thumbnail), moving to a different depth {e.g., to a depth appearing
closer to the user), or having different virtual content {(e.g., a higher resolution image, a
caption, a sound, play of a video or animation of a graphic, etc.). The thumbnails may be
ordered according to one or more grouping critenia (e.g., alphabetically by ierns name,
content type, date, etc.). The grid of thumbnails may be scrollable by the user {(e.g., using
head, eye, or body gestures, or user wnput from a totem). During scrolling edges of the gnid
{e.g., in directions of scrolling) may dynamically display indications of virtual content that is
next to be displayed during the scroll (e.g., as semi-transparent thumbnails, optionally at a

different depth than the edge of the gnid).

Exammples of 3D Displav of a Wearable Svstem

{046} A wearable system (also referred to herein as an augmented reality {(AR)

system) can be configured to present two-dimensional (2D) or three-dimensional (3D) virtual
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images fo a user. The images may be sill images, frames of a video, or a video,
combination or the like. The wearable system can include a wearable device that can present
a VR, AR, or MR environment, alone or in combination, for user interaction. The wearable
device can be a head-mounted device (HMD) which 1s used interchangeably as an AR device
{ARDY).

[6047] FIG. | depicts an illustration of a mixed reality scenario with certain
virtual reality objects, and certain physical objects viewed by a person. In FIG. 1, an MR
scene 100 is depicted wherein a user of an MR technology sees a real-world park-like setting
110 featuring people, trees, buildings in the background, and a concrete platform 120, In
addition to these items, the user of the MR technology also perceives that he "sees™ a robot
statue 130 standing upon the real-world platform 120, and a cartoon-like avatar character 140
flying by which seems to be a personification of a bumble bee, even though these elements
do not exist in the real world,

[6048] In order for the 3D display to produce a true sensation of depth, and more
specifically, a simulated sensation of surface depth, it may be desirable for each point in the
display's visual field to generate an accommodative response corresponding to its virtual
depth. It the accommodative response to a display point does not correspond to the virtual
depth of that point, as determined by the binocular depth cues of convergence and stereopsis,
the human eve may experience an accommodation conflict, resulting in unstable imaging,
harmful eye strain, headaches, and, in the absence of accommodation information, almost a
complete lack of surface depth.

{6049] VR, AR, and MR experiences can be provided by display systerns having
displays in which images corresponding to a plurality of depth planes are provided to a
viewer. The images may be different for cach depth plane (e.g., provide slightly different
presentations of a scene or object) and may be separately focused by the viewer’s eyes,
thereby helping to provide the user with depth cues based on the accommodation of the eye
required to bring into focus different image features for the scene located on different depth
plane or based on observing different image features on different depth planes being out of
focus. As discussed elsewhere herein, such depth cues provide credible perceptions of depth.

[B6050] FIG. 2 illustrates an example of wearable system 200, The wearable

system 200 includes a display 220, and various mechanical and electronic modules and

-10-
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systems to support the functioning of display 220. The display 220 may be coupled to a
frame 230, which is wearable by a user, wearer, or viewer 210, The display 220 can be
positioned in front of the eyes of the user 210. The display 220 can present AR/VR/MR
content to a user. For example, the display 220 can embody (e.g., render and present to the
user} the eclipse cursor icons and focus indicators described below. Hxamples of ornamental
designs for the eclipse cursor icons and focus indicators are shown in FIGS. 24-29F. The
display 220 can comprise a head mounted display (HMI3} that 1s worn on the head of the
user. In some embodiments, a speaker 240 s coupled to the frame 230 and positioned
adjacent the ear canal of the user (in some embodiments, another speaker, not shown, is
positioned adjacent the other ear canal of the user to provide for stereo/shapeable sound
control).

{6051} The wearable system 200 can include an outward-facing imaging system
464 (shown in FIG. 4) which observes the world in the environment around the user. The
wearable system 200 can also include an inward-facing imaging system 462 (shown in FIG.
4y which can track the eye movements of the user. The inward-facing 1maging system may
track either one eye’s movements or both eves’ movements. The inward-facing imaging
system 462 may be attached to the frame 230 and may be in elecirical communication with
the processing modules 260 or 270, which may process image information acquired by the
inward-facing imaging system to determine, ¢.g., the pupil diameters or orientations of the
eyes, eye movements or eyve pose of the user 210,

1B6052] As an example, the wearable system 200 can use the outward-facing
imaging system 464 or the wmward-facing imaging system 462 to acquire images of a pose of
the user. The images may be still images, frames of a video, or a video, in combination or the
like.

{B0S3] The display 220 can be operatively coupled 250, such as by a wired lead
or wireless connectivity, to a local data processing module 260 which may be mounted in a
variety of configorations, such as fixedly attached to the frame 230, fixedly attached to a
helmet or hat worn by the user, embedded in headphones, or otherwise removably attached to
the user 210 {e.g., in a backpack-style configuration, in a belt-coupling style configuration).

1B6054] The local processing and data module 260 may comprise a hardware

rocessor, as well as digital memory, such as non-volatile memory {e.g., flash memory), both
2 & o 3 2
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of which may be utilized to assist in the processing, caching, and storage of data. The data
may include data a) captured from sensors (which may be, e.g., operatively coupled to the
frame 230 or otherwise attached to the user 210), such as image capture devices (e.g.,
cameras in the inward-facing imaging system or the outward-facing imaging system),
microphones, inertial measurement units {IMUs} {(e.g., accelerometers, gravitometers,
magnetometers, etc.), compasses, global positioning system {(GPS) units, radio devices, or
gyroscopes; or b} acquired or processed using remote processing module 270 or remote data
repository 280, possibly for passage to the display 220 after such processing or retrieval. The
tocal processing and data module 260 may be operatively coupled by communication links
262 or 264, such as via wired or wireless communication hinks, to the remote processing
module 270 or remote data repository 280 such that these remote modules are available as
resources to the local processing and data module 260. In addition, remote processing
module 280 and remote data repository 280 may be operatively coupled to each other.

[B6055] In some embodiments, the remote processing module 270 may comprise
one or more processors configured to analyze and process data or image nformation. In
some embodiments, the remote data repository 280 may comprise a digital data storage
facility, which may be available through the interet or other networking configuration in a
“cloud” resource configuration. In some embodiments, all data is stored and all computations
are performed in the local processing and data module, allowing fully autonomous use from a
remote module.

{86056} The human visual system is complicated and providing a realistic
perception of depth is challenging. Without being himited by theory, it is believed that
viewers of an object may perceive the object as being three-dimensional due to a
combination of vergence and accommodation. Vergence movements {(i.¢., rolling movements
of the pupils toward or away from ecach other to converge the lines of sight of the eves to
fixate upon an object) of the two eyes relative to each other are closely associated with
focusing (or “accommodation”) of the lenses of the eyes. Under normal conditions, changing
the focus of the lenses of the eyes, or accommodating the eyes, to change focus from one
object to another object at a different distance will automatically cause a matching change in
vergence o the same distance, under a relationship known as the “accommodation-vergence

reflex.” Likewise, a change in vergence will trigger a matching change in accommmodation,
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under normal conditions. Display systems that provide a better match between
accommodation and vergence may form more realistic and comfortable simulations of three-
dimensional imagery.

{6057] FIG. 3 illustrates aspects of an approach for simulating a three-
dimensional imagery using multiple depth planes. With reference to FIG. 3, objects at
various distances from eves 302 and 304 on the z-axis are accornmodated by the eyes 302
and 304 so that those objects are in focus. The eyes 302 and 304 assume particular
accommodated states to bring into focus objects at different distances along the z-axis,
Consequently, a particular accommodated state may be said to be associated with a particular
one of depth planes 306, which has an associated focal distance, such that objects or parts of
objects i a particular depth plane are in focus when the eye 1s 10 the accommodated state for
that depth plane. In some embodiments, three-dimensional imagery may be simulated by
providing different presentations of an image for each of the eyes 302 and 304, and also by
providing different presentations of the image corresponding to each of the depth planes.
While shown as being separate for clarity of illusiration, it will be appreciated that the ficlds
of view of the eyes 302 and 304 may overlap, for example, as distance along the z-axis
increases. In addition, while shown as flat for the ease of illustration, it will be appreciated
that the contours of a depth plane may be curved in physical space, such that all features in a
depth plane are in focus with the eye in a particular accommodated state. The depth planes
306 need not be set at fixed distances from the display {or user’s eyes 302, 304) but can by
dynamically updated. For example, if the user looks at virtual content in a near-field to the
user {e.g., within about 1 — 2 m), the array of depth planes shown in FIG, 3 may be adjusted
to be closer to the user, which increases the depth resolution in the near-field, Likewise, if
the user looks at virtual content in the mid-field {e.g., 2 m to § m) or far-field (e.g., 5 m to
infinity), the depth planes can be adjusted to fall primarily within those distances. The depth
planes can be adjusied, for example, by adjusting the waveguide stack described with
reference to FIGS. 4-6. Without being himited by theory, it 1s believed that the human eve
typically can interpret a finite number of depth planes to provide depth perception.
Consequently, a highly believable simulation of perceived depth way be achieved by
providing, to the eye, different presentations of an image corresponding to each of these

himited number of depth planes.
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Waveguide Stack Assembly

{6058] FIG. 4 illustrates an example of a waveguide stack for outputting image
information to a user. A wearable system 400 includes a stack of waveguides, or stacked
waveguide assembly 480 that may be utilized to provide three-dimensional perception to the
eye/brain using a plurality of waveguides 432b, 434b, 436b, 438b, 4400b. In some
embodiments, the wearable system 400 may correspond to wearable system 200 of FIG. 2,
with FIG. 4 schematically showing some parts of that wearable system 200 in greater detail,
For example, in some embodiments, the waveguide assembly 480 may be integrated into the
display 220 of FIG. 2.

[B60S9] With continued reference to FIG. 4, the waveguide assembly 480 may also
include a phurality of features 458, 456, 454, 452 between the waveguides. In some
embodiments, the features 458, 456, 454, 452 may be lenses. In other embodiments, the
features 458, 456, 454, 452 may not be lenses. Rather, they may simply be spacers {e.g.,
cladding layers or structures for forming air gaps).

{6060 The waveguides 432b, 434b, 436b, 438b, 440b or the plurality of lenses
458, 456, 454, 452 may be configured to send image information to the eye with various
levels of wavefront curvature or hight ray divergence. Each waveguide level may be
associated with a particular depth plane and may be configured to output image information
corresponding to that depth plane. Tmage injection devices 420, 422, 424, 426, 428 may be
utilized to inject image information into the waveguides 440b, 438b, 436b, 434b, 432b, cach
of which may be configured to distribute incomung light across each respective waveguide,
for output toward the eye 410. Light exits an output surface of the image injection devices
420, 422, 424, 426, 428 and 1s injected into a corresponding input edge of the wavegmdes
440b, 438b, 436h, 434b, 432b. In some embodiments, a single beam of light (g, a
collimated beam) may be injected into each waveguide to output an entire field of cloned
collimated beams that are directed toward the eye 410 at particular angles (and amounts of
divergence) corresponding to the depth plane associated with a particular waveguide.

[6061] In some embodiments, the wnage injection devices 420, 422, 424, 426, 428
are discrete displays that ecach produce image information for injection into a corresponding

waveguide 440b, 438b, 436b, 434b, 432b, respectively. In some other embodiments, the
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image mnjection devices 420, 422, 424, 426, 428 are the output ends of a single multiplexed
display which may, e.g., pipe image information via one or more optical conduits (such as
fiber optic cables) to cach of the image injection devices 420, 422, 424, 426, 428,

{6062] A controller 460 controls the operation of the stacked waveguide assembly
480 and the image injection devices 420, 422, 424, 426, 428. The controller 460 includes
programming {e.g., instructions in a non-transitory computer-readable medium) that regulates
the timing and provision of image information to the waveguides 440b, 438b, 436b, 434b,
432b. In some embodiments, the controller 460 may be a single integral device, or a
distributed system connected by wired or wireless communication channels. The controller
460 may be part of the processing modules 260 or 270 (ilustrated in FIG. 2) in some
erabodiments.

{0063] The waveguides 440b, 438b, 436b, 434b, 432b may be configured to
propagate light within each respective waveguide by total internal reflection (TIR). The
waveguides 440b, 438b, 436b, 434b, 432b may each be planar or have another shape {e.g.,
curved), with major top and bottom surfaces and edges extending between those major top
and bottom surtaces. In the illustrated configuration, the waveguides 440b, 438b, 436b, 434b,
432b may each include light extracting optical clements 440a, 438a, 436a, 434a, 432a that
are configured to extract light out of a waveguide by redirecting the light, propagating within
each respective waveguide, out of the waveguide o output image information to the eye 410.
Extracted light may also be referred to as outcoupled hight, and hight extracting optical
clements may also be referred to as outcoupling optical elements. An extracted beam of light
is outputted by the waveguide at locations at which the light propagating in the waveguide
strikes a light redirecting element. The light extracting optical elements (440a, 438a, 436a,
434a, 432a) may, for example, be reflective or diffractive optical features. While illustrated
disposed at the bottom major surfaces of the waveguides 440b, 438b, 436b, 434b, 432b for
case of description and drawing clarity, in some embodiments, the light extracting optical
elements 440a, 438a, 4364, 434a, 4323 may be disposed at the top or bottom major surfaces,
or may be disposed directly in the volume of the waveguides 440b, 438b, 436b, 434b, 437b.
In some embodiments, the light extracting optical elements 440a, 4384, 436a, 434a, 432a
may be formed in a layer of material that is atfached to a transparent substrate to form the

waveguides 440b, 438b, 436b, 434b, 432b. In some other embodiments, the waveguides
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440b, 438b, 436b, 434b, 432b may be a monelithic piece of material and the light extracting
optical elements 440a, 438a, 436a, 4343, 432a may be formed on a surface or in the interior
of that piece of material.

{6064} With continued reference to FIG. 4, as discussed herein, each waveguide
440b, 438b, 436b, 434b, 432b is configured to output light to form an image corresponding
to a particular depth plane. For example, the wavegiide 432b nearest the eye may be
configured to deliver collimated light, as injected into such waveguide 432b, to the eye 410.
The collimated light may be representative of the optical intinity focal plane. The next
waveguide up 434b may be configured to send out collimated light which passes through the
first lens 452 (e.g., a negative lens) before it can reach the eye 410, First lens 452 may be
configured to create a shight convex wavefront curvature so that the eye/brain wterprets light
coming from that next waveguide up 434b as coming from a first focal plane closer inward
toward the eye 410 from optical infinity. Sumilarly, the third up waveguide 436b passes its
output light through both the first lens 452 and second lens 454 before reaching the eve 410.
The combined optical power of the first and second lenses 452 and 454 may be configured to
create another incremental amount of wavefront curvature so that the eye/brain interprets
light coming from the third waveguide 436b as coming from a second focal plane that 1s even
closer inward toward the person from optical infinity than was light from the next waveguide
up 434b,

[6065] The other waveguide layers (e.g., waveguides 438b, 440b} and lenses
{c.g., lenses 456, 458) are similarly configured, with the highest waveguide 440b in the stack
sending s output through all of the lenses between 1t and the eye for an aggregate focal
power representative of the closest focal plane to the person. To compensate for the stack of
lenses 458, 456, 454, 452 when viewing/interpreting light coming from the world 470 on the
other side of the stacked waveguide assembly 480, a compensating lens layer 430 may be
disposed at the top of the stack to compensate for the aggregate power of the lens stack 458,
456, 454, 452 below. Such a configuration provides as many perceived focal planes as there
are avatlable waveguide/lens pairings. Both the light extracting optical elements of the
waveguides and the focusing aspects of the lenses may be static {e.g., not dynamic or electro-
active}. In some alternative embodiments, either or both may be dynamic using electro-active

featyres,
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{06066} With continued reference to FIG. 4, the light extracting optical elements
440a, 438a, 436a, 434a, 432a may be configured to both redirect light out of their respective
waveguides and to output this light with the appropriate amount of divergence or collimation
for a particular depth plane associated with the wavegnide. As a result, waveguides having
different associated depth planes may have different configurations of light extracting optical
elements, which output light with a different amount of divergence depending on the
associated depth plane. In some embodiments, as discussed herein, the light extracting
optical elements 440a, 438a, 4363, 434a, 432a may be volumetric or surface features, which
may be configured to output light at specific angles. For example, the light extracting optical
elements 440a, 438a, 436a, 434a, 432a may be volume holograms, surface holograms, or
diffraction gratings. Light extracting optical elements, such as diffraction gratings, are
described in U.S. Patent Publication No. 2015/0178939, published June 25, 2015, which is
meorporated by reference herein in its entirety,

[6067] In some embodiments, the light extracting optical clements 440a, 438a,
436a, 434a, 432a are diffractive features that form a diffraction pattern, or “diffractive optical
element” {also referred to herein as a “DOE”). Preferably, the DOE has a relatively low
ditfraction efficiency so that only a portion of the light of the beam is deflected away toward
the eye 410 with each intersection of the DOE, while the rest continues to move through a
waveguide via total internal reflection. The light carrying the image information can thus be
divided into a nursber of related exit beams that exit the waveguide at a multiplicity of
locations and the result is a fairly uniform pattern of exit emission toward the eye 304 for this
particular collimated bears bouncing around within a waveguide.

{3068] in some embodiments, one or more DOEs may be swiichable between
“on” state in which they actively diffract, and “off” state in which they do not significantly
diffract. For instance, a switchable DOFE may comprise a layer of polymer dispersed liquid
crystal, in which microdroplets comprise a diffraction pattern in a host medium, and the
refractive index of the microdroplets can be switched to substantially match the refractive
index of the host material (in which case the pattern does not appreciably diffract incident
Hight) or the microdroplet can be swiiched fo an index that does not maich that of the host

medium {in which case the pattern actively diffracts incident light}.
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[06069] In some embodiments, the number and distribution of depth planes or
depth of field may be varied dynamically based on the pupil sizes or orientations of the eyes
of the viewer. Depth of field may change inversely with a viewer’s pupil size. As a result, as
the sizes of the pupils of the viewer’s eyes decrease, the depth of field increases such that one
plane that is not discernible because the location of that plane is beyond the depth of focus of
the eye may become discernible and appear more in focus with reduction of pupil size and
commensurate with the increase in depth of field. Likewise, the number of spaced apart depth
planes used to present different images to the viewer may be decreased with the decreased
pupil size. For example, a viewer may not be able to clearly perceive the details of both a
first depth plane and a second depth plane at one pupil size without adjusting the
accommodation of the eye away from one depth plane and to the other depth plane. These
two depth planes may, however, be sufficiently in focus at the same time to the user at
another pupil size without changing accommodation.

[6070] In some embodiments, the display system may vary the number of
waveguides receiving image information based upon determinations of pupil size or
orientation, or upon receiving electrical signals indicative of particular pupil size or
orientation. For example, if the user’s eyes are unable to distinguish between two depth
planes associated with two waveguides, then the controller 460 may be configured or
programmed to cease providing image information to one of these waveguides.
Advauntageously, this may reduce the processing burden on the system, thereby increasing the
responsiveness of the system. In embodiments in which the DOEs for a waveguide are
swiichable between the on and off states, the DOEs may be switched to the off state when the
waveguide does recetve image information.

{6071} In some embodiments, it may be desirable to have an exit beam meet the
condition of having a diameter that is less than the diameter of the eye of a viewer. However,
meeting this condition may be challenging in view of the vanability in size of the viewer’s
pupils. In some ernboditaents, this condition is met over a wide range of pupil sizes by
varying the size of the exit beam in response to determinations of the size of the viewer’s
pupil. For exarople, as the pupil size decreases, the size of the exit beam may also decrease.

In some embodiments, the exit beam size may be varied using a variable aperture.
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[6072] The wearable system 400 can include an outward-facing imaging system
464 {e.g., a digital camera) that images a portion of the world 470. This portion of the world
470 may be referred to as the field of view (FOV} of a world camera and the imaging system
464 15 sometimes referred o as an FOV camera. The entire region available for viewing or
timaging by a viewer may be referred to as the field of regard (FOR). The FOR may include
4n steradians of solid angle surrounding the wearable systemn 400 because the wearer can
move his or her body, head, or eyes to perceive substantially any direction in space. In other
contexts, the wearer’s moverments may be more constricted, and accordingly the wearer’s
FOR may subtend a smaller solid angle. Images obtained from the outward-facing imaging
system 464 can be used to track gestures made by the user {e.g., hand or finger gestures),
detect objects 1 the world 470 o front of the user, and so forth.

{6073} The wearable system 400 can also include an inward-facing imaging
system 466 {e.g., a digital camera), which observes the movements of the user, such as the
eve movements and the facial movements. The inward-facing imaging system 466 may be
used to capture images of the eye 410 {o determine the size or orientation of the pupil of the
eye 304. The mward-facing imaging system 466 can be used to obtain images for use in
determuning the direction the user is locking (e.g., eye pose) or for biometric identification of
the user (e.g., via iris identification}. In some embodiments, at least one camera may be
utilized for each eve, to separately determine the pupil size or eye pose of each eye
independently, thereby allowing the presentation of wmage information to each eye to be
dynamically tailored to that eve. In some other embodiments, the pupil diameter or
orientation of only a single eve 410 (e.g., using only a single camera per pair of eyes) is
determined and assumed to be similar for both eyes of the user. The images obtained by the
inward-facing imaging system 466 may be analyzed to determine the user’s eye pose or
mood, which can be used by the wearable system 400 to decide which audio or visual content
should be presented to the user. The wearable system 400 may also deternune head pose
{e.g., head position or head orientation) using sensors such as IMUs, accelerometers,
gyroscopes, elc.

16074] The wearable system 400 can wclude a user input device 466 by which the
user can input commands to the controller 460 to interact with the wearable system 400. For

example, the user input device 466 can include a trackpad, a touchscreen, a joystick, a
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multiple degree-of-freedom (DOF) controller, a capacitive sensing device, a game controller,
a keyboard, a mouse, a directional pad (D-pad), a wand, a haptic device, a totem {(e.g.,
functioning as a virtual user input device), and so forth. A multi-DOF controller can sense
user wput in some or all possible translations {(e.g., left/right, forward/backward, or up/down)
or rotations {¢.g., vaw, pitch, or roll} of the controller. A multi-DOF controller which
supports the translation movemenis may be referred to as a 3DOF while a multi-DOF
controller which supports the translations and rotations may be referred to as 6DOF. In some
cases, the user may use a tinger (e.g., a thumb) to press or swipe on a touch-sensitive mput
device o provide input to the wearable system 400 (e.g., to provide user input to a user
interface provided by the wearable system 400). The user input device 466 may be held by
the user’s hand duning the use of the wearable system 400, The user input device 466 can be
in wired or wireless communication with the wearable system 400,

{6075] FIG. 5 shows an example of exit beams ouipuited by a waveguide. One
waveguide is illustrated, but it will be appreciated that other waveguides in the waveguide
assembly 480 may function similarly, where the waveguide assembly 480 includes multiple
waveguides. Light 520 is injected into the waveguide 432b at the input edge 432¢ of the
waveguide 432b and propagates within the waveguide 432b by TIR. At points where the
tight 520 impinges on the DOE 4323, a portion of the light exits the waveguide as exit beams
510. The exit beams 510 are illustrated as substantially parallel but they may also be
redirected to propagate to the eye 410 at an angle {(e.g., forming divergent exit beams),
depending on the depth plane associated with the waveguide 432b. It will be appreciated that
substantially parallel exit beams may be indicative of a waveguide with light extracting
optical elements that outcouple light to form images that appear to be set on a depth plane at
a large distance (e.g., optical intinity) from the eye 410. Other waveguides or other sets of
light extracting optical elements may output an exit beam pattern that is more divergent,
which would require the eye 410 to accommodate to a closer distance to bring it into focus
on the retina and would be interpreted by the brain as hight from a distance closer to the eye
410 than optical infinity.

{6076} FIG. 6 1s a schematic diagram showing an optical system mcluding a
waveguide apparatus, an optical coupler subsystem to optically couple light to or from the

waveguide apparatus, and a conirol subsystem, used in the generation of a multi-focal
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volumetric display, wmage, or hight field. The optical system can include a waveguide
apparatus, an optical coupler subsystem to optically couple light to or from the waveguide
apparatus, and a control subsystem. The optical system can be used to generate a multi-focal
voluretric, image, or hight field. The optical systern can jnclude one or more primary planar
waveguides 632a {only one is shown in FIG. 6) and one or more DOEs 632b associated with
each of at least some of the primary waveguides 632a. The planar waveguides 632b can be
similar to the waveguides 432b, 434b, 436b, 438b, 440b discussed with reference to FIG. 4.
The optical system may employ a distribution waveguide apparatus to relay light along a first
axis {vertical or Y-axis in view of FIG. 6}, and expand the light's effective exit pupil along
the first axis {(e.g., Y-axas). The distribution waveguide apparatus may, for example, include a
distribution planar waveguide 622b and at least one DOE 622a (illustrated by double dash-
dot line) associated with the distribution planar waveguide 622b. The distribution planar
waveguide 622b may be similar or identical 1o at least some respects to the primary planar
waveguide 632b, having a different orientation therefrom. Likewise, at least one DOE 6223
may be similar or identical in at least some respects to the DOE 632a. For example, the
distribution planar waveguide 622b or DOE 622a may be comprised of the same materials as
the primary planar waveguide 632b or DOE 632a, respectively. Embodiments of the optical
display system 600 shown in FIG. 6 can be integrated mto the wearable system 200 shown in
FIG. 2.

16677} The relayed and exat-pupil expanded light may be optically coupled fromw
the distribution waveguide apparatus into the one or more primary planar waveguides 632b.
The primary planar waveguide 632b can relay hight along a second axis, preferably
orthogonal to first axis {e.g., horizontal or X-axis in view of FIG. 6). Notably, the second axis
can be a non-orthogonal axis to the first axis. The primary planar waveguide 632b expands
the light's effective exit pupil along that second axis {e.g., X-axis). For example, the
distribution planar waveguide 622b can relay and expand light along the vertical or Y-axis,
and pass that light to the primary planar waveguide 632b which can relay and expand light
along the horizontal or X-axis.

[B6G78] The optical system may include one or more sources of colored light {e.g.,
red, green, and blue laser light) 610 which may be optically coupled into a proximal end of a

single mode optical fiber 640. A distal end of the optical fiber 640 may be threaded or
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received through a hollow tube 642 of piezoelectric material. The distal end profrudes from
the tube 642 as fixed-free flexible cantilever 644. The piezoelectric tube 642 can be
associated with four quadrant electrodes {not illustrated). The electrodes may, for example,
be plated on the outside, outer surface or outer periphery or diameter of the tube 642. A core
electrode (not illustrated) may also be located in a core, center, inner periphery or inner
diameter of the tube 642.

[6879] Dirive electronics 650, for example electrically coupled via wires 660,
drive opposing pairs of electrodes to bend the picroclectric tube 642 in two axes
independently. The protruding distal tip of the optical fiber 644 has mechanical modes of
resonance. The frequencies of resonance can depend upon a diameter, length, and material
properties of the optical fiber 644. By vibrating the piezoelectric tube 642 near a first mode
of mechanical resonance of the fiber cantilever 644, the fiber cantilever 644 can be caused to
vibrate, and can sweep through large deflections.

{6080] By stimulating resonant vibration in two axes, the tip of the fiber
cantilever 644 is scanned biaxially m an area filling two-dimensional (2D) scan. By
modulating an intensity of light source(s) 610 in synchrony with the scan of the fiber
cantilever 644, light emerging from the fiber cantilever 644 can form an 1mage. Descriptions
of such a set up are provided in U.S. Patent Publication No. 2014/0003762, which is
incorporated by reference herein in its entirety.

6081} A component of an optical coupler subsystem can collimate the light
emerging from the scanning fiber cantilever 644. The collimated light can be reflected by
murored surface 648 into the narrow distribution planar waveguide 622b which contains the
at least one diffractive optical element {(DOE} 622a. The collimated light can propagate
verfically (relative to the view of FIG. 6) along the distribution planar waveguide 622b by
TIR, and in doing so repeatedly intersects with the DOE 622a. The DOE 6223 preferably has
a low diffraction efficiency. This can cause a fraction (e.g., 10%) of the light to be diffracted
toward an edge of the larger primary planar waveguide 632b at each point of intersection
with the DOE 622a, and a fraction of the light to continue on its original trajectory down the
length of the distribution planar wavegunide 622b via TIR.

{B082] At each point of intersection with the DOE 622a, additional light can be

diffracted toward the entrance of the primary waveguide 632b. By dividing the incoming
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light into multiple outcoupled sets, the exit pupil of the light can be expanded vertically by
the DOE 4 in the distribution planar waveguide 622b. This vertically expanded light coupled
out of distribution planar waveguide 622b can enter the edge of the primary planar
waveguide 632b.

{6083} Light entering primary wavegnide 632b can propagate horizontally
{relative to the view of FIG. 6) along the primary waveguide 632b via TIR. As the hight
intersects with DOE 632a at multiple points as it propagates honizontally along at least a
portion of the length of the primary waveguide 632b via TIR. The DOE 632a may
advantageously be designed or configured to have a phase profile that ts a summation of a
hnear diffraction pattern and a radially symmetric diffractive pattern, to produce both
deflection and focusing of the light. The DOE 632a may advantageously have a low
diffraction efficiency {(e.g., 10%), so that only a portion of the light of the beam is deflected
toward the eye of the view with each intersection of the DOE 632a while the rest of the light
continues to propagate through the primary waveguide 632b via TIR.

[6084] At cach point of infersection between the propagating light and the DOE
632a, a fraction of the light 1s diffracted toward the adjacent face of the primary waveguide
632b allowing the hight to escape the TIR, and emerge from the face of the primary
waveguide 632b. In some embodiments, the radially symmetric diffraction pattern of the
DOE 6323 additionally imparts a focus level to the diffracted light, both shaping the light
wavefront {e.g., imparting a curvature) of the individual beam as well as steering the beam at
an angle that matches the designed focus level.

{6085] Accordingly, these different pathways can cause the light to be coupled
out of the primary planar waveguide 632b by a multiplicity of DOEs 632a at different angles,
focus levels, or yielding different fill patterns at the exit pupil. Dafferent fill patterns at the
exit pupil can be beneficially used to create a light field display with multiple depth planes.
Each layer in the waveguide assembly or a set of layers {e.g., 3 layers) in the stack may be
employed to generate a respective color (e.g., red, blue, green). Thas, for exaraple, a first set
of three adjacent layers may be emiploved to respectively produce red, blue and green light at
a first focal depth. A second set of three adjacent lavers may be employed fo respectively
produce red, blue and green light at a second focal depth. Multiple sets may be employed to

generate a full 3D or 4D color image light field with various focal depths.
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[6086] Although certain embodiments of the wearable systern may render virtual
objects on different depth planes (e.g., as described with reference to FIG. 3), this is intended
to be illustrative and not limiting. Other optical techniques can be used to render virtual
objects so that they appear to be at different depths from the user. For example, a variable
focus clement (VFE) can be used, e.g., as described in U8, Patent Publication No.
2015/03464935, which is hereby incorporated by reference herein m s entirety. Tn other
embodiments of the wearable system, different virtual objects may be rendered on the same
depth plane but nonetheless appear to the user as if at different depths. For example, the
apparent depth of virtual content that is rendered on a depth plane can be changed by
changing the rendering locations of pixels associated with the virtual content so that the
virtual content has a different vergence location {(and different perceived depth). Thus, two
virtual objects can be rendered on the same depth plane, but (relative to the first virtual
object) the second virtual object can be perceived to be closer to the user, at the same depth
from the user, or farther from the user by modifying the pixel rendering positions to create a
different vergence location for the second virtual object (relative to the first virtual object).
Accordingly, perceived depths of different virtual content can be achieved by rendering the

different virtual content on the same depth plane but adjusting vergence.

Other Components of the Wearable Svstem

{6087} In many noplementations, the wearable system way include other
components in addition or in alternative to the components of the wearable system described
above, The wearable system may, for example, include one or more haptic devices or
components. The haptic devices or components may be operable to provide a tactile
sensation to a user. For example, the haptic devices or components may provide a tactile
sensation of pressure or texture when touching virtual content (e.g., virtual objects, virtual
tools, other virtual constructs), The tactile sensation may replicate a feel of a physical object
which a virtual object represents, or may replicate a feel of an imagined object or character
{e.g., a dragon} which the virtual content represents. In some implementations, haptic devices
or components may be wom by the wuser {(e.g, a user wearable glove). In some

implementations, haptic devices or components may be held by the user,
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[6088] The wearable system may, for example, inchude one or more physical
objects which are manipulable by the user to allow nput or interaction with the wearable
system. These physical objects may be referred to herein as totems. Some totems may take
the form of inanimate objects, such as for example, a piece of metal or plastic, a wall, a
surface of table. In certain implementations, the totems may not actually have any physical
mput structures {e.g., keys, triggers, joystick, trackball, rocker switch). Instead, the totem
may simply provide a physical surface, and the wearable system may render a user interface
s0 as to appear to a user to be on onc or more surfaces of the totem. For example, the
wearable system may render an image of a computer keyboard and trackpad to appear to
reside on one or more surfaces of a totem. For example, the wearable system may render a
virtual computer keyboard and virtual trackpad to appear on a surface of a thin rectangular
plate of alunimum which serves as a totem. The rectangular plate does not itself have any
physical keys or trackpad or sensors. However, the wearable system may detect user
manipulation or interaction or touches with the rectangular plate as selections or inputs made
via the virtual keyboard or virtual trackpad. The user input device 466 (shown in FIG. 4) may
be an embodiment of a totem, which may include a trackpad, a touchpad, a trigger, a
joystick, a trackball, a rocker or virtual switch, a mouse, a keyboard, a multi-degree-of-
freedom controller, or another physical input device. A user may use the totem, alone or in
combination with poses, to interact with the wearable system or other users.

[6O89] Examples of haptic devices and totems usable with the wearable devices,
HMD, and display systems of the present disclosure are described in U.S. Patent Publication

No. 2015/0016777, which is incorporated by reference herein in is entirety.

Example Wearable Svstemns, Environments., and Interfaces

[B0906] A wearable system may employ various mapping related techniques in
order to achicve high depth of field in the rendered light fields. In mapping out the virtual
world, 1t 1s advantageous to know all the features and points 1n the real world to accurately
portray virtual objects in relation to the real world. To this end, FOV images captured from
users of the wearable system can be added to a world model by including new pictures that
convey information about various points and features of the real world. For example, the

wearable systern can collect a set of map points (such as 2D points or 3D points) and find
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new map points to render a more accurate version of the world model. The world model of a
first user can be communicated (e.g., over a network such as a cloud network} to a second
user so that the second user can experience the world surrounding the first user.

{6091] FIG. 7 is a block diagram of an example of an MR environment 700. The
MR environment 700 may be configured to receive input {¢.g., visual input 702 from the
user's wearable system, stationary input 704 such as room cameras, sensory input 706 from
various sensors, gestures, totems, eye tracking, user input from the user input device 466 etc.)
from one or more user wearable systems {(e.g., wearable system 200 or display system 220)
or stationary room systems {e.g., room cameras, etc.}. The wearable systems can use vartous
sensors {e.g., accelerometers, gyroscopes, temperature sensors, movement sensors, depth
sensors, GPS sensors, inward-facing imaging systers, outward-facing imaging syster, etc.)
to determine the location and various other attributes of the environment of the user. This
mtormation may further be supplemented with information from stationary cameras i the
room that may provide images or various cues from a different point of view. The image data
acquired by the cameras (such as the room cameras or the cameras of the outward-facing
imaging system) may be reduced to a set of mapping points.

[6092] One or more object recognizers 708 can crawl through the received data
{e.g., the collection of points) and recognize or map points, tag images, attach semantic
information to objects with the help of a map database 710. The map database 710 may
comprise various points collected over time and their corresponding objects, The various
devices and the map database can be connected to each other through a network (e.g., LAN,
WAN, etc.) to access the cloud.

{6093] Based on this information and collection of points in the map database, the
object recognizers 708a to 708n may recognize objects in an environment. For example, the
object recognizers can recognize faces, persons, windows, walls, user input devices,
televisions, other objects in the user’s environment, efc. One or more object recognizers may
be specialized for object with certain characteristics. For example, the object recognizer 708a
may be used to recognizer faces, while another object recognizer may be used recognize
fotems.

[6094] The object recognitions may be performed using a variety of computer

vision technigues. For example, the wearable system can analyze the images acquired by the
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outward-facing imnaging system 464 (shown in FIG. 4} to perform scene reconstruction, event
detection, video tracking, object recognition, object pose estimation, learning, indexing,
motion estimation, or image restoration, ¢tc. One or more computer vision algorithms may be
used to perform these tasks. Non-limiting examples of computer vision algorithms include:
Scale-invariant feature transform (SIFT), speeded up robust features (SURF), oriented FAST
and rotated BRIEF (ORB), binary robust invariant scalable keypoints (BRISK), fast retina
keypoint {(FREAK), Viola-Jones algorithm, Figenfaces approach, Lucas-Kanade algorithm,
Horn-Schunk algorithm, Mean-shift algorithm, visual simultaneous location and mapping
(vSLAM) techniques, a sequential Bayesian estimator {(e.g., Kalman filter, extended Kalman
filter, eic.), bundle adjustment, Adaptive thresholding {(and other thresholding techniques),
Iterative Closest Point (ICP), Semi Global Matching (SGM), Semi Global Block Matching
{(SGBM]}, Feature Point Histograms, various machine learning algorithms (such as e.g.,
support vector machine, k-nearest neighbors algorithm, Naive Bayes, neural network
(including convolutional or deep neural networks), or other supervised/unsupervised models,
etc.), and so forth,

[B6095] The object recognitions can additionally or alternatively be performed by a
variety of machine learning algorithms. Once frained, the machine learning algorithm can be
stored by the HMD. Some examples of machine leaming algorithms can include supervised
or non-supervised machine learning algorithms, including regression algorithms (such as, for
exarple, Ordinary Least Sguares Regression), instance-based algorithms (such as, for
example, Learning Vector Quantization), decision tree algorithms (such as, for example,
classification and regression trees), Bayesian algorithms (such as, for example, Naive Bayes),
clustering algorithms (such as, for example, k-means clustening}, association rule learming
algorithms (such as, for example, a-prion algorithms), artificial neural network algorithms
{such as, for example, Perceptron}, deep learning algorithms (such as, for example, Deep
Boltzmann Machine, or deep neural network), dimensionality reduction algorithms (such as,
for example, Principal Compounent Analysis), ensemble algorithrs (such as, for example,
Stacked Generalization), or other machine learning algorithms. In some embodiments,
individual models can be customized for individual data sets. For example, the wearable
device can generate or store a base model. The base model may be used as a starting point to

generate additional models specific to a data type (e.g., a particular user in the telepresence
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session), a data set (e.g., a set of additional images obtained of the user in the telepresence
session), conditional situations, or other variations. In some embodiments, the wearable
HMD can be configured to utilize a phurality of techniques to generate models for analysis of
the aggregated data. Other techmiques may include using pre-defined thresholds or data
values.

[6096] Based on this information and collection of points in the map database, the
object recognizers 708a to 708n may recognize objects and supplement objects with semantic
information to give life to the objects. For example, if the object recognizer recognizes a set
of points to be a door, the system may attach some semantic information {e.g., the door has a
hinge and has a 90 degree movement about the hinge). If the object recognizer recognizes a
set of points to be a mirror, the system may attach semantic information that the mirror has a
reflective surface that can reflect images of objects in the room. Over time the map database
grows as the system {which may reside locally or may be accessible through a wireless
network) accumulates more data from the world. Once the objects are recognized, the
mformation may be transmitted to one or more wearable systems. For example, the MR
environment 700 may include information about a scene happening in California. The
environment 700 may be fransmitted to one or more users in New York. Based on data
received from an FOV camera and other inputs, the object recognizers and other software
components can map the points collected from the various images, recognize objects etc.,
such that the scenc may be accurately "passed over” to a second user, who may be in a
different part of the world. The environment 700 may also use a topological map for
localization purposes.

{60971 The object recognizers may identity objects in the 3D environment, and
from the system’s knowledge of the current position of a cursor used to select or interact with
the objects, this information may be used to implement the eclipse cursor technigues
described herein. For example, if the cursor location is near a target object identified by the
object recogmizers, a focus mdicator may be provided or emphasized around the target object.
The object recognizers may determine a location of the object {(e.g., a center) or edges or
houndaries of the object, and the location of the cursor (e.g., a ray from the user toward the

cursor position) relative to the object’s center or edges or boundaries may be used to
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determine whether or how to render the focus indicator, whether to accelerate the cursor
toward the object (e.g., the attractive effect described herein), and so forth.

{6098] FIG. 8 is a process flow diagram of an example of a method 800 of
rendering virtual content in relation to recognized objects. The method 800 describes how a
virfual scene may be represented to a user of the wearable system. The user may be
geographically remote from the scene. For example, the user may be New York, but may
want to view a scene that is presently going on in California, or may want to go on a walk
with a friend who resides in California.

{6099] At block 810, the wearable system may receive input from the user and
other users regarding the environment of the user. This may be achieved through various
input devices, and knowledge already possessed in the map database. The user's FOV
camera, sensors, GPS, eye tracking, ¢tc., convey information to the system at block 810. The
system may determine sparse points based on this information at block 820, The sparse
points may be used in determining pose data (e.g., head pose, eye pose, body pose, or hand
gestures) that can be used in displaying and understanding the orientation and position of
various objects in the user's surroundings. The object recognizers 7(8a-708n may crawl
through these collected points and recognize one or more objects using a map database at
block 830. This information may then be conveyed to the user's individual wearable system
at block 840, and the desired virtual scene may be accordingly displayed to the user at block
850. For example, the desired virtual scene {e.g., user in CA) may be displayed at the
appropriate orientation, position, etc., in relation to the various objects and other
sarroundings of the user in New York,

{6100] FIG. 9 1s a block diagram of another example of 2 wearable system. In this
example, the wearable systern 900 comprises a map, which may include map data for the
world. The map may partly reside locally on the wearable system, and may partly reside at
networked storage locations accessible by wired or wireless network (e.g., in a cloud
system). A pose process 910 may be executed on the wearable computing architecture {e.g.,
processing module 260 or controlier 460) and utilize data from the map to determine position
and orientation of the wearable computing hardware or user. Pose data may be computed
from data collected real-time as the user is experiencing the system and operating in the

world. The data may comprise images, data from sensors (such as imertial measurement units
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(IMUs), which may comprise an accelerometer, a gyroscope, a magnetometer, or
combinations of such components) and surface information pertinent to objects in the real or
virtual environment.

{6101} A sparse point represenfation may be the output of a simultancous
localization and mapping (SLAM or V-SLAM, referring to a configuration wherein the input
is images/visual only) process. The systermn can be configured to not only find out where in
the world the various components are, but what the world is made of. Pose may be a building
block that achieves many goals, including populating the map and using the data from the
map.

[6102] In one embodiment, a sparse point position may not be completely
adequate on its own, and further information may be needed to produce a multifocal AR, VR,
or MR experience. Dense representations, generally referring to depth map information, may
be utilized to fill this gap at least in part. Such nformation may be compuied from a process
referred to as Stereo 940, wherein depth information is determined using a technique such as
triangulation or time-of-flight sensing. Image information and active patterns (such as
infrared patterns created using active projectors) may serve as input to the Stereo process
940. A significant amount of depth map information may be fused together, and some of this
may be summarized with a surface representation. For example, mathematically definable
surfaces may be efficient (e.g., relative to a large point cloud) and digestible inputs to other
processing devices ke game engines. Thus, the output of the stereo process {e.g., a depth
map} 940 may be combined in the fusion process 930. Pose may be an input to this fusion
process 930 as well, and the output of fusion 930 becomes an input to populating the map
process 920, Sub-surfaces may connect with each other, such as in topographical mapping, to
form larger surfaces, and the map becomes a large hybrid of points and surfaces.

{8103 To resolve various aspects in a mixed reality process 960, various inputs
may be uiilized. For example, in the embodiment depicted in FIG. 9, Game parameters may
be inpuis to determine that the user of the system 18 playing a wouster batthing game with one
or more monsters at various locations, monsters dying or running away under various
conditions {such as if the user shoots the monster), walls or other objects at various locations,
and the like. The world map may include information regarding where such obiects are

relative to cach other, to be another valuable input to mixed reality. Pose relative to the world
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becomes an input as well and plays a key role fo almost any interactive system, Parameters
and inputs such as these can be used to provide the eclipse cursor functionality in the mixed
reality process 960.

{6104] Controls or inpuis from the user are another input to the wearable system
900. As described herein, user inputs can include visual input, gestures, totems, audio inpui,
sensory nput, etc. In order to move around or play a game, for example, the user may need to
instruct the wearable system 900 regarding what he or she wants to do. Beyond just moving
oneself m space, there are varnous forms of user controls that may be utilized. In one
embodiment, a totem {e.g. a user input device}, or an object such as a toy gun may be held by
the user and tracked by the system. The system preferably will be configured to know that
the user 1s holding the item and understand what kind of interaction the user is having with
the ttem (e.g., if the totem or object is a gun, the system may be configured to understand
location and orientation, as well as whether the user is clicking a trigger or other sensed
button or element which may be equipped with a sensor, such as an IMU, which may assist
in determining what 1s going on, even when such activity is not within the field of view of
any of the cameras.}

[0105] Hand gesture tracking or recognition may also provide input information.
The wearable system 900 may be configured to track and interpret hand gestures for button
presses, for gesturing left or right, stop, grab, hold, eic. For example, in one configuration,
the user may want to flip through emails or a calendar in a non-gaming environment, or do a
"fist bump" with another person or player. The wearable system 900 may be configured to
leverage a wnimum amount of hand gesture, which may or may not be dynamic. For
example, the gestures may be simple static gestures like open hand for stop, thumbs up for
ok, thumbs down for not ok; or a hand flip right, or left, or up/down for directional
commands.

[6106] Eye tracking is another input {e.g., tracking where the user is locking to
countrol the display technology to render at a specific depth or range). In one embodiment,
vergence of the eyes may be determined using triangulation, and then using a
vergence/accommodation model developed for that particular person, accoramodation may

be determined.

-31-

SUBSTITUTE SHEET (RULE 26)



WO 2019/152286 PCT/US2019/015274

{8107} With regard to the camera systems, the example wearable system 900
shown in FIG. 9 can include three pairs of cameras: a relative wide FOV or passive SLAM
pair of cameras arranged to the sides of the user's face, a different pair of cameras ortented in
front of the user to handle the stereo imaging process 940 and also to capture hand gestures
and totem/object tracking in front of the user's face. The FOV cameras and the pair of
cameras for the stereo process 940 may be a part of the outward-facing imaging system 464
{shown mn FIG. 4). The wearable system 900 can include eye tracking cameras (which may
be a part of an inward-facing imaging system 462 shown in FIG. 4) onented toward the eyes
of the user in order to triangulate eye vectors and other mformation. The wearable system
900 may also comprise one or more textured light projectors (such as infrared (IR}
projectors) to inject texture nto a scene.

[0108] FIG. 10 1s a process flow diagram of an example of a method 1000 for
determining user wnput to a wearable system. In this example, the user may interact with a
totem. The user may have multiple totems. For example, the user may have designated one
totem for a social media application, another toterm for playing games, ete. At block 1010, the
wearable system may detect a motion of a totem. The movement of the totem may be
recognized through the outward facing system or may be detected through sensors {e.g.,
haptic glove, image sensors, hand tracking devices, eye-tracking cameras, head pose sensors,
etc. ).

[6109] Based at least partly on the detected gesture, eve pose, head pose, or input
through the totem, the wearable system detects a position, orientation, or movement of the
totem (or the user’s eyes or head or gestures) with respect to a reference frame, at block
1020, The reference frame may be a set of map points based on which the wearable system
translates the movement of the totem {or the user) to an action or command. At block 1030,
the user's interaction with the totem is mapped. Based on the mapping of the user interaction
with respect to the reference frame 1020, the system determines the user input at block 1040,

{6110} For example, the user may move a totem or physical object back and forth
to signify turning a virtual page and moving on to a next page or moving from one user
interface (UI) display screen fo another Ul screen. As another example, the user may move
their head or eyes to look at different real or virtual objects in the user’s FOR. If the user’s

gaze at a particolar real or virtual object is longer than a threshold time, the real or virtual
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object may be selected as the user input. In some implementations, the vergence of the user’s
eyes can be tracked and an accommodation/vergence model can be used to determine the
accommodation state of the user’s eyes, which provides information on a depth plane on
which the user is focusing. In some implementations, the wearable system can use ray casting
techniques to determine which real or virtual objects are along the direction of the user’s
head pose or eye pose. In various implementations, the ray casting techniques can include
casting thin, pencil rays with substantially little transverse width or casting rays with
substantial fransverse width (e.g., cones or frustums).

{6111} The user interface may be projected by the display system as described
herein {such as the display 220 in FIG. 2). Tt may also be displayed using a variety of other
techuniques such as one or more projectors. The projectors may project images onto a physical
obiject such as a canvas or a globe. Interactions with user interface may be tracked using one
or more cameras external to the system or part of the system (such as, ¢.g., using the mward-
facing imaging system 462 or the outward-facing imaging system 464},

{0112} FIG. 11 18 a process tlow diagram of an example of a method 1100 for
interacting with 3 virtual user interface. The method 1100 may be performed by the wearable
system described herein,

{6113] At block 1110, the wearable system may identify a particular Ul The type
of Ul may be predetermined by the user. The wearable system may identify that a particular
UT needs to be populated based on a user input {e.g., gesture, visual data, audio data, sensory
data, direct command, etc.}. At block 1120, the wearable system may generate data for the
virtual UL For exaruple, data associated with the confines, general structure, shape of the Ul
eic., may be generated. In addition, the wearable system may determine map coordinates of
the user's physical location so that the wearable system can display the Ul in relation to the
user's physical location. For example, if the Ul is body centric, the wearable system may
determine the coordinates of the user's physical stance, head pose, or eye pose such that a
ring UT can be displayed around the user or a planar Ul can be displayed on a wall or in front
of the user. If the Ul is hand centric, the map coordinates of the user's hands may be
determined. These map points may be derived through data received through the FOV

cameras, sensory input, or any other type of collected data.
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[0114] At block 1130, the wearable systemn may send the data to the display from
the cloud or the data may be sent from a local database to the display components. At block
1140, the Ul is displayed to the user based on the sent data. For example, a light ficld display
can project the virtual Ul mto one or both of the user’s eyes. Once the virtual UT has been
created, the wearable system may simply wait for a command from the user to generate more
virtual content on the virtual UI at block 1150, For example, the Ul may be a body ceniric
ring around the user's body. The wearable system may then wait for the command (3 gesture,
a head or eye movement, input from a user nput device, etc.}, and if 1t is recognized (block
1160), virtual content associated with the command may be displayed to the user (block
1170). As an example, the virtual content may include a virtual cursor (or reticle) and a focus
indicator associated with an object in the environment, The virtual cursor and focus indicator
may comprise aspects of the eclipse cursor technology described with reference to FIGS.
12A-24,

{6115} Additional examples of wearable systems, Uls, and user experiences (UX)
are described i U.S. Patent Publication No. 2015/0016777, which is mcorporated by

reference herein in its entirety.

Example Objects in the Field of View (FOV)
{6116} FIGS. 12A-12C illustrate various examples of an object 1204 and cursor

1202 that can be perceived by the user via the wearable system. FIG. 12A shows an example
of a 2D environment and FIGS. 12B-12C show examples of a 3D environment, In various
embodiments, objects within the user’s field of view (FOV) may be virtual or physical
objects. For example, one or more objects may include physical objects such as a chair, a
tree, a sofa, a wall, etc., while virtual objects may include operating system objects such as
e.g., a recycle bin for deleted files, a terminal for inputting commands, a file manager for
accessing files or divectories, an icon, a meny, an application for audio or video streaming, a
notification from an operating systers, and so on, Virtual objects may also inchude objects in
an application such as e.g., avatars, virtual objects in games, graphics or images, eic. Some
virtual objects can be both an operating system object and an object 1n an application. In
some embodiments, the wearable system can add virtual elements to the existing physical

objects. For example, the wearable systern may add a virtual menu associated with a
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television in the room, where the virtual menu may give the user the option to tum on or
change the channels of the television using the wearable system.

6117} A virtual object may be a three-dimensional (3D), two-dimensional (2D},
or one~dimensional (1D} object. For example, the virtual object may be a 3D coffee mug
{which may represent a virfual control for a physical coffee maker). The virtual object may
also be a 2D graphical representation of a clock {displaying current tirne fo the user). In some
implementations, one or more virtual objects may be displayed within {or associated with)
another virtual object. A virtual coffee mug may be shown inside of a user interface plane,

although the virtual coffee mug appears to be 3D within this 2D planar virtual space.

Utilization of a Cursor

{0118} With continued reference to FIGS. 12A-12C, the wearable system displays
a cursor 1202, which can be a movable indicator, that a user can ufilize to select or interact
with gbjects within the environment. The cursor can be displayed within a bounded region of
the environment {¢.g., a location within the FOV). In some cases, the cursor represents a
location at which user interaction with real or virtual objects may occur. For example, the
user can wiilize the cursor 1202 to select, view, or point to an object, such as object 1204, By
changing the location of the cursor 1202, the user can alter selections or views, or change
where the cursor 1202 is pointing. In various implementations, the user can change the
location of the cursor by, for example, translating or rotating a handheld totem, moving a
finger {e.g., thumb) across a touch sensifive portion of a totem or other user input device,
translating or rotating a body part {e.g., a finger, hand, or arm}, or moving his or her head or
eyes.

{6119} The appearance of a cursor 1202 can take on any of a variety of different
colors, outlines, shapes, symbols, sizes, images, graphics, in combination or the like. For
example, the cursor 1202 may take a variety of shapes such as a cursor, a geometric cone, a
beam of light, an arrow, an oval, a circle, a polygon, or other 113, 2D, or 3D shapes.

{6126] The cursor 1202 may be used to select, view, or point to an object, such as
object 1204, by moving the cursor 1202 such that it hovers over, hovers behind, or otherwise
points to a target object 1204, Once the cursor 1202 and the target object 1204 are

sufficiently aligned, the user may select or interact with the target object 1204 to which the
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cursor!1204 is hovering or pointing, for example, by making a hand gesture, actuating a
touch-sensitive portion of a totem, eic.

0121} The user can move his or her body, head, or eyes to move the cursor 1202,
For example, a change 1n the user’s pose {e.g., head pose, body pose, or eye gaze) may alter
the location of the cursor 1202 within the FOV. Similarly, the cursor 1202 may be controlied
though a user input device such as a user input device 466 of FIG. 4. For example, the user
input device can include a trackpad, a touchscreen, a joystick, a multiple degree-of-freedom
{(DOF) controller, a capacitive sensing device, a game confroller, a keyboard, a mouse, a
directional pad (D-pad}), a wand, a haptic device, a totem {e.g., functioning as a virtual user
mnput device), and so forth, For example, as the user moves his hand on a user input device,

the carsor 1202 may move from a first position to a second position,

Obscuring Content

{6122} Some systems render a cursor with no consideration of scene content. In
other words, 4s a user moves a cursor around a scene, the cursor is rendered mn front of the
objects in the scene. It follows that when a cursor is used to target or select an object, as the
cursor hovers over the object, the cursor can occlhude or obscure the object. This can impact a
user’s experience within an environment. For example, the user may desire to see the object
yet the cursor is rendered in front of the object, thereby blocking the user’s view of the
object. These problems can be further exacerbated when the object includes text, images, or
other content that the user wishes to view. Further, when the cursor is rendered in front of the
target object, the cursor is higher on the user’s visual hierarchy than the target object, which
can be distracting, because the user is trying to interact with real or virtual objects in the
environment and not the cursor, which preferably should function as a tool rather than be the
highest, or higher, object in the visual hierarchy.

[6123] FIG. 12 A illustrates an example of some of the problems associated with a
cursor in 2D environment. As shown, FIG. 12A illustrates various locations of the cursor
1202 as it moves around the 2D environment, specifically as the cursor 1202 moves from
position 1212 {e.g., where the cursor 1202 is above the object 1204) to position 1214 {e.g.,
where the cursor 1202 is in front of the object 1204) to position 1216 {(e.g., where the cursor
1202 is below the object 1204).
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[6124] In the 2D environment of FIG. 12A, the cursor 1202 and the object 1204
have no depth. In other words, the cursor 1202 is rendered at the same depth as the object
1204, and, when the cursor 1202 and the object 1204 overlap, the cursor 1202 is shown
instead of the object 1204, For example, as the corsor 1202 moves from position 1212 to
position 1214, the cursor 1202 appears to “roll over” the object 1204 such that the cursor
1202 1s shown and the portion of the object 1204 behind the cursor s blocked from the user’s
View,

{6125] FIG. 12B illustrates an example of how occlusion by the cursor can be
exacerbated in a 3D environment. As shown, FIG. 128 illustrates various locations of the
cursor 1202 as it moves around the 3D environment, specifically as the cursor 1202 moves
from position 1222 (e.g., where the cursor 1202 is above and centered over the object 1204)
to position 1224 along a path 1250a {e.g., where the cursor 1202 is in front of the object
1204) to position 1226 (e.g., where the cursor 1202 is centered and below the object 1204).

{6126] In the 3D environment of FIG. 12B, the cursor 1202 and the object 1204
do have depth. In other words, for the cursor 1202 to “roll over” or “roll arcund” the object in
313 space, the cursor 1202 nust move closer to or further away from the user such that the
cursor 1202 and object 1204 do no overlap. For example, if the cursor 1202 and the object
were kept at the same depth during the “roll over,” the cursor 1202 might appear to pass
through the object 1204, which may be undesirable because it breaks realism and may
obscure portions of the cursor 1202 or portions of the object 1204, In FIG, 12B, if moved
along the path 1250a, the cursor is moved closer to the user such that it 15 in front of the
object 1204 and between the object 1204 and the user (see, e.g., position 1224). For example,
the object 1204 in FIG. 128 is a character having an arm extending in front of its body.
Initially, at position 1222 the cursor 1202 is approximately the same distance from the user as
the character 1204. However, as the cursor 1202 moves along the path 1250a from position
1222 to posttion 1224, the system must bring the cursor 1202 closer to the user m order for
the cursor 1202 to be 10 front of the extended arm of the character 1204, By bringing the
cursor 1202 closer to the user, the system is effectively emphasizing the cursor 1202 relative
to the character 1204, because a user 18 more likely to focus on objects that appear closer to
him or her. To reduce emphasis on the cursor, the system could dynamically adjust the size

of the cursor in order to maintain a consistent appearance of the cursor. However, because
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the cursor’s perceived dimensions would change based on distance from the user, this type of
perspective change may confuse the user or, at a minimum, provide the user with misleading
information. Accordingly, although it would be desirable to emphasize the character 1204
that the user is attempting fo nteract with, by utilizing a cursor 1202 that passes in front of
the character, the system undesirably emphasizes the cursor 1202 over the character.

6127} To reduce the likelthood of ewphasizing a cursor 1202 when the cursor
1202 and the object 1204 overlap, the cursor can, in effect, move along a path 1250b that
goes behind the object 1204 (such that the object 1204 “eclipses™ the cursor). The cursor
1202 is thereby deemphasized relative to the foreground object 1204, When the cursor 1202
is behind an object 1204 (such as the character in FIG. 12B), the wearable system may stop
rendering the cursor, because the cursor is not visible to the user {e.g., the object 13 opaque
and “eclipses” the cursor). In some embodiments, when behind the object 1204, the cursor
1202 continues to be rendered by the wearable system, but at a reduced brightness level so
that it remains deemphasized relative to the object or the object 1204 s rendered to be in
front of the cursor 1202 (e.g., the object eclipses the cursor), which may in effect reduce the
perceptibility of the cursor relative to the object. As further described below, additionally or
alternatively, when the cursor is behind the object, the system may render a focus indicator
{e.g., a glow or halo) around the object 1204 to provide a visual indication to the user as to
the location of the cursor.

{6128} FIG. 12C iHustrates an example of how an object can change in size or
shape or perceived depth as the cursor moves behind the object in a 3D environment. As
shown, FIG. 12C illustrates various locations of the cursor 1202 as it moves around the 3D
environment, specifically as the cursor 1202 moves from position 1222 (e.g., where the
cursor 1202 is above and centered over the object 1204} to position 1226 (e.g., where the
cursor 1202 is centered and below the object 1204).

{06129} In FIG. 12C, rather moving the cursor 1202 closer to the user (e.g., path
1256a of Fig. 12B) or moving the cursor 1202 further away from the user {e.g., path 1250b of
Fig. 12B), the system can move the cursor 1202 along path 1250c¢. In response, the object
1204 can grow larger, or the object 1204 wmay move closer to the user, or the object
foreground can expand {or any combination of these), such that the icon 1204 shifts closer or

appears larger or closer to the user. In other words, rather than altering the depth of the cursor
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1202 relative to the user or object 1204, the system can keep the cursor at the same depth and
adjust a relative depth of the object 1204, such that the object 1204 appears closer to the user
than the cursor. In some embodiments, the object 1204 may shift to a new depth (c.g., one
that 1s closer to the user); 1o some embodiments, the object 1204 may remain at the same
depth as the cursor but may be rendered with a closer vergence display input so as to appear
closer to the user. By bringing the object 1204 closer to the wuser, the system is
advantageously emphasizing the object 1204, because a user is more likely to focus on
objects that appear closer to him or her. Furthermore, similar to path 1250b of FIG. 12b,
because the object is shifted towards a user, the cursor 1202 can, in effect, move along a path
1250c¢ that goes behind the object 1204 (such that the object 1204 “eclipses” the cursor). The
cursor 1202 may not be rendered while behind the object 1204 or may be rendered at a
reduced brightness or with increased transparency. The cursor 1202 is thereby deemphasized
relative to the foreground object 1204. When the cursor 1202 is no longer behind the object
1204, the wearable systemn may shift the object 1204 back to its original position and adjust
the object to its original size, thereby deemphasizing the object 1204 and again rendering the
cursor 1202 {which is no longer eclipsed} so that the user can view the cursor and the object.
As described above, while the cursor 1202 1s eclipsed by the object 1204, the system can
render a focus indicator around or adjacent at least a portion of the object 1204, which further
emphasizes the foreground object relative to the cursor.

[6136¢] Additional examples of behavior of an eclipse cursor are described below

with reference to FIGS. 18A-18C and 30A-30F.

Utilization of a Focus Indicator

{6131} In some cases, when the cursor 1202 s positioned behind the object 1204,
it may be difficult for the user {0 get an accurate sense of the cursor’s location within the
scene, For example, the cursor 1202 is (at least partially) blocked by the object 1204, and
may be difficult for the user to visually re-acquire the carsor in the future or remember which
object has been selected. Accordingly, to offer the user an accurate sense of the cursor’s
location within the environment, in some cases, the system can emphasize the object 1204
when the cursor 1202 moves behind that object 1204, For exanple, the system can assign a

focus indicator {¢.g., some form of visual highlighting) to the object 1204, Thus, when the
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cursor 1202 moves near fo or behind an object 1204, the focus indicator 18 activated and the
object 1204 is emphasized, while the user still gets an accurate sense of the cursor’s location
within the scene and which object has been selected.

{6132] FIGS. 13A and 3B illustrate son-limiting embodiments of a focus
indicator 1302 and a cursor 1202. The appearance of a focus indicator 1302 {o can take on
any of a variety of different colors, outlines, shapes, symbols, sizes, tmages, graphics,
combination or the like. For example, the cursor 1202 may take a variety of shapes such as a
cursor, a geometric cone, a beam of hight, an arrow, cross-hairs, an oval, a circle, a polygon,
or other 113, 2D, or 3D shapes. The focus indicator 1302 can include, but is not limited to, a
halo, a color, a percetved size or depth change {e.g., causing the object to appear closer or
larger when selected), virtual rays, hues, or arcs, or other graphical highlighting emanating
from, surrounding, or associated with at least a portion of the object or its periphery in order
to draw the user’s attention to the object. The focus mdicator 1302 can include a glow that
radiates from behind an object, and an intensity of the glow can correspond to a spatial
relationship between the cursor’s location and the location of the object. For example, the
intensity of the glow can be largest near the edge of the object and decrease with distance
away from the object. The intensity of the glow can be largest on a side of object closest to
the cursor (e.g., along a hine between the object and the cursor), and the intensity can be
lower {or zero) on the side of the object away from the cursor. As illustrated in FIG. 13B, the
cursor or focus indicator may have an wridescent appearance. The focus mdicator 1302 (or the
cursor 1202) can also include audible or tactile effects such as vibrations, ring tones, beeps,
or the like,

{6133] The cursor 1202 may be large enough or the object may be small enough
that when the cursor 1202 is positioned behind the object, the outer portions of the cursor
give the appearance of a focus indicator surrounding the object. In some cases, as illustrated
in FIGS. 13A and 13B, the focus indicator 1302 can appear as a larger version of a cursor
1202, For exarople, the systewn can render a cursor 1202 and, in response to the cursor
passing below a threshold distance between it and the object, the cursor 1202 can be eclipsed
{e.g., not rendered) o favor of a focus wndicator 1302 that appears around the object. In
further response to the cursor passing above a threshold distance between it and the object,

the cursor can again be rendered by the system and the focus indicator deemphasized.
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Exammples of Cursors and Focus Indicators

{0134} FIGS. 14A and 14B illustrates an example of an environment including a
cursor 1202 and an object 1204. In this example, the object 1204 is a cube sitting on a table.
As the cursor 1202 transitions from position 1412 in FIG. 14A to position 1414 in FIG. 148,
the cursor 1202 moves over {or in front of) the object 1204, Accordingly, when the cursor
1202 is at position 1414, the cursor 1202 is blocking from the users view a portion of the
object 1204, which as discussed above can be distracting to a user,

{§135] FIG. 14C iHustrates an example of an environment schematically
illustrating features of the echipse cursor functionality. In contrast fo FIG. 148, the cursor
1414 moves behind the object 1204 and is not rendered to the user {and is indicated by a
dashed hine in FIG. 14C). As the cursor 1414 gets close to and passes behind the object 1204,
a focus indicator 1302 1s rendered to the user. In this example, the focus indicator 1302 15 a
circular glow swrounding the cube, with the intensity of the glow being highest near the

edges of the cube and decreasing in magnifude with mcreasing distance from the cube.

Focus Indicator Thresholds

{6136} As described herein, the focus indicator 1302 can advantageously provide
the user with an accurate sense of the cursor’s location within the environment when the
cursor 1s echipsed by an object. For example, as can be seen in FIG. 14C, although the cursor
1414 is not visible to the user, the focus indicator 1302 surrounding the object 1204 identifies
to the user that the object 1s selected {(or interacted with) and further indicates that the cursor
is behind the object 1204,

{61371 The system can assign a focus indicator 1302 {o an object based at least in
part on a determination that the cursor’s location within the environment passes a distance
threshold relative to the object. In other words, a focus indicator 1302 can be assigned to an
object based on a determined spatial relationship between the cursor’s location within the
environment and the location, size, shape, orientation, etc. of the object. The cursor’s
location can be determined via a ray cast or cone cast, and the distance to the object can be

determined as the perpendicular distance between the ray {or cone) and the object.
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[6138] The focus indicator 1302 can offer the user an accuraie sense of the
cursor’s location within an environment. For example, as a user changes the cursor’s location
within the environment, the systerm can assign, un-assign, or modify a focus indicator
associated with one or more objects in the environment. The system can adjust an intensity,
size, shape, color, or other characteristic of a focus indicator 1302 to indicate the relative
distance between the cursor and the object. For exaruple, as the cursor’s location within the
environment moves closer 10 an object, the focus indicator assigned to that object may be
shown more intensely or larger (at least in a direction toward the cursor). As the cursor’s
tocation within the environment moves away from an object, the focus indicator assigned to
the object may be become less intense or smaller, or the system may stop rendering the focus
indicator.

16139 FIG. 14A illustrates examples of various distance threshold considerations
of the system when determuning how {(or whether) to render a focus indicator. The system can
monitor the location 1412 of the cursor 1202 and based at least partly on that location, the
system can determine whether to assign a focus indicator 1302 and what the properties of the
focus indicator are. For example, the system can assign or modify a focus indicator 1302 to
an object 1204 if the location 1412 of the cursor 1202 passes below a distance threshold
corresponding to the object 1204.The system can un-assign or modify a focus indicator 1302
based at least partly upon a determination that the location 1412 of the cursor 1202 passes
above a distance threshold corresponding to the object 1204,

16140 A distance threshold can vary across embodiments and can be based on
various factors including but not himited to a size of an object, a number or density of objects
in the environment, a proximity of an object relative to another object, or the like. For
gxample, in a crowded environment, the distance threshold at which the focus indicator is
activated {or de-activated) may be smaller than in an uncrowded environment tn order to
avoid visual confusion caused by overlapping focus indicators or having focus indicators on
nearly all the objects near the cursor. In vanious embodiments, the distance threshold may be
a fraction of an object’s size or a fraction of an average distance among objects in the user’s
field of view (e.g., 10%, 20%, 50%, 100%, etc.}. The distance threshold can be dynamic, For
example, if an object {associated with a first distance threshold) moves into a more crowded

region of the environment, the object’s distance threshold may decrease due to the presence
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of more nearby objects. Conversely, if the object moves info a less crowded environment, the
object’s distance threshold may increase.

6141} With reference to FIG. 14A, in some cases, the distance threshold can
correspond to a distance between the cursor’s location within the environment {e.g., the
location 1412} and a portion of the object 1204. For example, the distance threshold can
correspond to a distance 1424 between the cursor’s location 1412 and the object’s center
1420. Similarly, the distance threshold can cormvespond to a distance 1426 between the
cursor’s location 1412 and a closest portion 1422 of the object 1204 (e.g., an edge or
boundary of the object).

[0142] As a non-limiting example, FIG. 14A illustrates the cursor 1202. But since
the distance between the corsor 1202 and the object 1204 has not passed below the distance
threshold, a focus indicator is not rendered for the object. For example, the system has
determined that the location 1412 of the cursor is not close enough to a center 1420 of the
object 1204 or that the location 1412 of the cursor is not close enough to a closest portion
1422 of the object 1204. Accordingly, the system renders the cursor 1202 but does not render
a focus indicator 1302.

[0143] In confrast, as another non-limiting example, FIG. 14C illustrates an
example of a situation where the cursor location has passed below the distance threshold (and
is behind the object in this illustration). The cursor 1414 is no longer rendered and the focus
indicator 1302 1s rendered. If the user were to move the cursor so that its distance relative to
the object once again exceeds the distance threshold, the user’s view might return to the

tllustration in FIG. 14A where the cursor 1202 1s displayed but the focus indicator is not.

Attractive Effect Between Cursers and Obiects

{8144 In some cases, objects can act as if they have a sticky, gravitational, or
magnetized effect on the cursor so that the cursor appears to “snap” onto the object {(e.g.,
once the cursor 1s sufficiently close to the object). For example, the system can determine the
location of the cursor within the user’s field of view and can similarly determine a location of
one or more objects in the user’s field of regard. Based on a spatial relationship between the
location of the cursor and the one or more objects, the system can determine which object or

objects to assign a focus indicator {(e.g., the focus indicator may be displayed {(or displayed

SUBSTITUTE SHEET (RULE 26)



WO 2019/152286 PCT/US2019/015274

more prominently) on objects closer to the cursor). The system can continuously assign at
jeast one focus indicator o at least one object in the user’s field of regard. For example, the
system can assign a focus indicator to the object which is determined fo be closest to the
location of the cursor. As the location of the cursor changes, so can the object to which the
focus indicator is assigned.

[6145] To aid the user 1n moving the cursor onto a desired object {e.g., to select
that object for further interaction), the system may simulate the effect of an attractive force
between the object and the cursor. The attractive force may mimic a gravitational, magnetic,
spring-like, or other attractive force between the objects. For example, the attractive force
may decrease as the distance between the object and the cursor increases. Thus, as the user
moves the cursor closer to the desired object, the attractive force may increase and tend to
pull the cursor toward the desired object. The attractive effect may make it easier for the user
to select objects since the user need only move the cursor sufficiently close to a desired
object and the system will pull or snap the cursor onto the desired object.

[0146] If the system {or the user) moves the cursor onto an object by mistake {or
the user changes his or her mind), the user may detach the cursor from the object by applying
sufficient user input to pull the cursor off the object.

{61477 The amount of the atiractive force or the range of the attractive force can
be different for different objects or types of objects. For example, objects that the user may
want to interact with {e.g., controls for a virtual display, objects or characters in a virtual
game} may be more attractive than objects that play a more passive role in the user’s
environment {e.g., a desk, a graphic on a wall). The attractive force can have a strength that
can be modeled as an inverse function of the distance between the cursor and the object {e.g.,
mnverse square law similar to gravity or inverse cube law similar to magnetic dipoles). The
strength or range may be user selectable, because some users may prefer a very strong
atfractive etfect in which the system more aggressively pulls the cursor onto objects whereas
other users may prefer a small {or no) attractive effect.

{0148} Thus, embodiments of the wearable system can simulate the effect of an
attractive force between a cursor and an object, because the cursor will be attracted (and
“snap”) to the closest object. This “attraction” can the offer sustained input feedback and

give an accurate sense of position to the user, without, in some cases, requiring the system to
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display the cursor (because the focus mdicators inform the user where the cursor has been
pulled to). This can be especially advantageous when the field of regard includes many
objects {e.g., objects in a dense grid layout) or when objects are relatively close to each other.

{6149] As an example of the attractive force, if the user releases the touchpad of a
user input device, the cursor can shide {e.g., as if pulled by gravity) to a position at or within
the nearest object (e.g., button, icon, etc.). In various embodiments, this shiding of the cursor
can always happen, never happen, or happen if the nearest object is within a certain distance
tolerance relative to the cursor. The system can provide settings that inchude whether the
cursor will move to the nearest position on the nearest object, or {0 a position that aligns with
either/both of the object’s X and Y axes {(e.g., if there is a row of long, adjacent objects, it
may be desirable to snap to a central Y or to a central X for a vertical stack of objects). The
settings can also include whether use of the attractive force is wanted that are within the
entire user environment or whether the attractive force is applied n display panels that
include a list or grid of selectable buttons, icons, etc.

R In some cases, the cursor “attached” to an object may not immediately
become “unattached” to an object unless the user moves an input device sufficiently to
indicate to the system to detach the cursor trom the previously selected object. This also
mimics the effect of a stickiness, gravity, or magnetism between the cursor and the object
such that the system acts as if the selected object is holding onto the cursor until the user
sufficiently pulls the cursor off of the object.

{151} To further aid user precision when {argeting eclipse objects, the system
can implement an attractive etfect that will tend to draw the cursor towards the closest object,
after active user input ceases. Thus, the cursor may act as if it had inertia and may continue to
move toward the object even if the user stops actuating a totem or other input device. The
pull of the attractive force moves the cursor in a natural way onto the desired object with
relatively munimal user action. This can advantageously make it easier for the user to select
objects and reduce or minimize user fatigue.

[0152] As an example of cursor inertia, if the user is providing touchpad input
and cursor motion 18 being determined or rendered, the system can also associate movement
of the cursor which can mimic a degree of inertia. For example, this movement can be

apphied from the moment that active user input ceases on the fouchpad {e.g., the user hifts or
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stops moving his or her finger). It can cause the cursor to continue along its motion path until
a dampening force reduces the tnertia back to zero. Controls can limit how much inertia can
build up, as well as allowing for inertia boosts to be applied in the event of the user releasing
the touchpad at the end of a fast swipe action {e.g., corresponding to a configurable
threshold). An inertia boost can support fast swipes through long itemized lists {e.g., to allow
one large swipe to carry the cursor from top-to-bottom, if the user chooses).

[6153] A cursor can have a magnetized effect on a focus indicator associated with
an object such that a proximity of the cursor affects an intensity or positioning of a focus
indicator. For example, in some cases, each object may have a focus indicator (e.g., outer
glow), and the intensity, size, and location of the focus indicator may vary based on the
location of the cursor. For example, as the cursor moves closer to an object, the focus
indicator of that object can become brighter, more intense, or move in the direction of {e.g.,
be attracted toward) the cursor. As the cursor selects the object, the system moves the corsor
behind the object while at the same time increasing an intensity of the focus indicator. For
example, when the object is selected, the focus indicator can give the appearance of an halo

or corona around the object.

Yarving Intensitv of Focus Indicator

[0154] In some cases, the system can assign a focus indicator to more than one
object, for example, based on multiple object’s proximity to the cursor’s location within the
environment. Each object can have one or more corresponding distance thresholds (e.g., a
close distance threshold, a medium distance threshold, etc.) or a dynamic distance threshold
based at least partly on environmental factors {e.g., deunsity of objects in the user’s field of
view FOV). If the cursor’s location within the enviromment passes a distance threshold, the
system can render a focus indicator for the corresponding obiect. To offer the user additional
positional feedback as to where the cursor is located in the environment, the focus indicators
that are assigned to various objects can have different attributes {(e.g., intensity, color, size,
etc.}. For example, the focus indicators for objects nearby the cursor can be rendered more
brightly than the focus indicators for objects farther away from the cuorsor. The focus
indicator on a side of an object closer to the cursor may be emphasized more than the focus

indicator on a side of the object farther from the cursor. Thus, if the cursor were positioned
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between an upper object and a lower object, the focus indicators for the bottom portion of the
upper object and the top portion of the lower object may be rendered more prominently than
focus indicators for the more distant, top portion of the upper object and bottom portion of
the lower object (if focus indicators are used at all for these portions). Thus, these focus
indicators provide a strong visual cue to the user that the cursor is located between the upper
and lower objects. The user can, by visually sweeping the FOV, readily identify where the
cursor ts located by observing the pattern of the focus indicators associated with the objects
in the FOV.

{6155] Accordingly, an intensity or glow (or size or shape)} of a focus indicator
can fade in or out depending on the spatial relationship (e.g., distance) between the cursor’s
location within the environment and the location, size, or shape of nearby objects.

[0156] FIGS. 15A and 15B illustrate examples of implementations of multiple
focus indicators having various intensities based on an object’s proximity to the cursor’s
location 1516 within the field of view. As illustrated, the user’s field of view 1520 includes a
plurality of objects, namely a cup 1502, a clock 1504, a phone 1506, a basketball 1508, and a
camera 1510, Further, FIGS. 15A and 15B show two distance thresholds for the clock 1504
{(thresholds 1526, 1528) and the basketball (thresholds 1522, 1524). The system can provide
different functionality when the different distance thresholds are passed. For example, when
the cursor passes within the large distance thresholds (1524, 1528) the focus indicator for the
associated object may be displayed to the user. When the cursor passes within the smaller
distance thresholds (1522, 1526), the system may perform different functionality, for
example, further emphasizing the appearance of the focus indicator or activating the
attractive effect {described below) in which the cursor is pulled toward and eclipsed by the
associated object. The distance thresholds 1522, 1524, 1526, 1528, are shown for illustrative
purposes only in FIGS. 15A and 15B and need not rendered by the system. In addition,
although FIGS. 15A and 158 illustrate only two thresholds for the objects, any number of
thresholds are contemplated (e.g., 1, 2, 3, 4, or more).

{6187} As described herein, the wearable system 400 can track, monitor, or
otherwise determine the cursor’s 1516 location within the field of view 1520. Here, the
system has determined that the cursor’s location within the environment is between the clock

1504 and the basketball 1508 (and is closer to the clock 1504 than the basketball 1508).
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Further, the system has determined that the cursor’s location within the enviromment has
passed the smaller distance threshold 1526 corresponding to the clock 1504, and that the
cursor’s location within the environment has passed the larger distance threshold 1524
corresponding to the basketball 1508 (but has not passed the smaller threshold 1322 of the
basketball). Accordingly, because the cursor’s location within the environment passes a
threshold of both the clock 1504 and the basketball 1508, the system renders a focus
indicator to each of the clock 1504 and the basketball 1508, However, to provide the user
with an understanding that the cursor’s location within the environment is closer to the clock
1504 than the baskethall 1508, the system can render the focus indicator 1512 assigned to the
clock 1504 differently than the system renders the focus indicator 1514 assigned fo the
basketball 1508, For example, the system can assign a larger or brighter focus indicator 1512
to the clock 1504 (or to the portion of the clock nearest the cursor 1516), and can assign a
smaller or less intense focus indicator 1514 to the basketball 1508,

{0158] The cursor 1516 is farther away from the cup 1502, the phone 1506, and
the camera 1510 than their respective distance thresholds, therefore, the system does not, in
this example, render a focus indicator around these objects {or, in other examples, may
render a focus indicator that 1s less prominent than those of the clock and the basketball).

{6159 in some cases, the one of more distance thresholds are predetermined,
while in other cases the one of more distance thresholds are dynamic and adjusted by the
system depending on environmental factors. For example, the system can determine
relatively large distance thresholds based at least in part on a determination that the objects in
the user’s field of view 1520 are relatively far away from each other, In contrast, the system
can determine relatively small distance threshold based at least in part on a determination that
the objects in the user’s field of view 1520 are relatively close to cach other, or that there are
a relatively large amount of objects in the field of view 1520. This may advantageously allow
a user to confidently select an object despite many objects being grouped or positioned close
together,

{0160} The intensity {or brightness} of a focus indicator can also include a
presence of glow m a particular region around or adjacent an object. For example, as a cursor
moves closer fo an object, the focus indicator of that object can begin to fill {or become

present in) a larger region around the object. For example, with respect to FIG. 15A, if the
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cursor 1516 is within distance threshold 1526 then the focus indicator 1512 can surround the
object 1504 and the focus indicator 1512 can be larger, brighter, or more intense than a focus
indicator corresponding to other objects 1504,

{6161} Also, as further described with reference to FIGS. 16A-16D, 18A-1RC,
and 29A-29¥F, a focus indicator can be more visually perceptible on a side of the object closer
or closest to the cursor and less perceptible on the opposite side of the object, which provides
the user with a clear perception that the cursor is closer to that particular side of the object
{and tarther from the opposite side of the object). For example, as illustrated in FIG. 158, as
the cursor 1516 approaches the object 1504, the focus indicator 1512 can begin to move out
from behind the object 1504 to meet the cursor 1516 (see also FIGS. 29A-29F). This gives
the appearance that the focus indicator 1512 1s attracted toward the cursor 1516 or pulled out
from the object by the cursor. The object 1508 is farther from the cursor 1516 than the object
1504 (e.g., relative to the thresholds 1522, 1524}, and in FIG. 158, the focus indicator 1514
around the basketball has moved out toward the cursor 1516 less than the focus indicator
1512 around the clock. Accordingly, some or all of the relative brighinesses, positions,
spatial extents (e.g., circumferential extent around an object), colors, graphical
embeHishments, etc. of the focus indicators can provide a strong visual indication to the user
as to where the cursor is located, which objects are nearby the cursor {and how close or far),

which objects have been selected by the user, and so forth.

Implementation of an Eclipse Cursor and Focus Indicator

{0163] A focus indicator represents a way of highlighting or emphasizing user
selections within an AR, MR, or VR environment associated with the wearable system
described herein, Rather than the conventional approach of showing a cursor that moves over
and at least partially occludes interactable content, the system can render 3 cursor that moves
behind and is eclipsed by real or virtual objects. The use of focus indicators provides
positional feedback to the user via the relative appearance of, for exaruple, glows or halos
that radiate out from behind objects in the environment. Further, by continuing to track or
determine user input {e.g., head pose, eye pose, body pose, input from user mput device, eic.)

even after assigning a focus indicator to an object, the system can modify the focus indicators
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of environmental objects, thereby providing sustained input feedback, an immersive user
experience, and an accurate sense of cursor position to the user.

{0163} FIGS. 16A-16D illustrates an example of a process of rendering a focus
indicator. Tmplementation of a focus indicator and eclipse cursor may be performed in
varigus ways. For example, implementation of the focus indicator may include utilization of
a graphics processor (GPU) or a computing device having at least moderate CPU power. In
some cases, the GPU is configured to (i) run fragment shader programs, (i1} render off-screen
render butfers, or (it} perform several passes of full-screen processing work.

{6164] To determine the proximity of objects in the user’s FOV, the system can
determine a location of cach of the objects relative to the cursor’s location within the
environment. For example, many of the objects in the environment can be represented by a
21> shape sitting on a 3D world selection plane. The system can cast a ray against that 3D
world selection plane to determine the proxinuty of the cursor’s location within the
environment relative to any given object. The system can also determine one or more
features of the objects, such as a shape or orientation of the objects. In some cases, based at
least in part on the objects shape, sithouette, orientation, or proximity o the cursor’s location
within the environment, the systemn can determine a spatial relationship between the cursor’s
tocation within the environment and a portion of the object. For example, the system can
determine when the cursor’s location within the environment overlaps with an object or
passes a threshold distance to a portion of the object (e.g., a closest portion of the object, a
center of the object, etc.). In some cases, for instance when an environment includes multiple
objects, the systerm can determine which object is closest to the cursor’s location within the
environment. ln some cases, displayed properties of the focus indicator can be based at least
in part on the proximity of an object relative to the cursor’s location within the environment.

{0165] FIGS. 16A-16D schematically illustrate an example of a process by which
the wearable system can render an eclipse cursor and focus indicator, This process can be
performed by the local processing and data wodule 260 of the wearable display systern 200
described with reference to FIG. 2. The example rendering process described with reference
to FIGS.16A-16D can be performed twice to represent each eye in a stereoscopically

rendered AR/MR/VR environment.
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{6166} FIG. 16A illustrates a first off-screen render pass for rendering a focus
indicator. Based at least in part on a determined cursor location within the environment, the
system renders a cursor glow 1610 to an off-screen buffer 1600A (sometimes referred to as a
“CursorSource buffer”). The cursor glow 1610 can be located in the environment as if it were
a conventional cursor. For example, a center 1630 of the cursor glow 1610 can correspond to
the cursor’s location within the environment. The cursor glow 1610 will ultimately act as a
mask defining the largest display-space area within which a focus indicator will appear. The
size or shape of the cursor glow 1610 can be based on various criteria, such as a desired
focus indicator size, a proximity of the object relative to other objects, a size or shape of the
objects, a number or density of objects, etc.

{6167} FIG. 16B illustrates a second off-screen render pass for rendering the
focus indicator. The second off-screen render pass can be rendered to another offtscreen
buffer 16008 (sometimes referved to as a “ShapeMask buffer”), and can include a mask
representation of one or more of the objects 1204, The mask representation can be based at
least in part on a location, orientation, or size of the objects in 3D space. For example, as
ithustrated in FIG. 16B, the system may only create masks for objects that fall within an outer
boundary or sithouette 1620 of the cursor glow 1610 from FIG. 16A. In some cases, the
system may only create masks for objects which will be assigned focus indicators. Thus, in
this example, the system renders masks 1602, 1604, and 1606 but does not render a mask for
the object 1608, which is beyond the outer boundary 1620 of the cursor glow.

{0168] The system can determine the shape representation (e.g., the mask) of the
objects 1204 i various ways. For example, the system can render masks reflective of a 3D
camera transformation of their shape. In some cases, objects 1204 can be represented by 2D
spheres, rectangles, or capsule shapes which correspond to an actual shape of the object.
Stmilarly, objects (such as real-world obiects) can be represented by a silhoustte of the
object. In some cases, to draw cach shape mask, the system uitlizes a shader program that
algorithmically renders a given shape from a mathematical formoula. In some cases, such as
for a 3D object, the system can render a flat-color projection of the object. In some cases, the
system uses a camera space approximation of the object's shape.

6169 FIG. 16C illustrates a third off-screen render pass for rendering the focus

indicator. The third off-screen render pass can be rendered to another off-screen buffer
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1600C (sometimes referred to as a “GlowMask buffer”), and can include the masks {e.g.,
masks 1602, 1604, 1606) of the objects from the ShapeMask buffer 16008, but can also
inchude glow-masks (e.g., glow masks 1622, 1624, 1626 described below) for one or more of
the objects. For example, as with the masks of FIG. 16B, the system may render glow masks
for objects that fall within an outer boundary or sithouette 1620 of the cursor glow 1630 trom
FIG. 16A.

{6176] The system may render a glow mask {e.g., an edge glow, a halo, a shading,
or other visual indicator) that radiates at least partially arcund the masks 1602, 1604, 1606,
For example, similar to the masks of FIG. 168, the system can utilize a shader program {or a
multi-tap blur of the object-mask) that can draw the shape of an object in a way that feathers
the edges of the object shapes by a tunable edge thickness amount. The shader program can
use the location 1630 of the cursor and can vary the glow mask’s edge thickness, glow
brightness, color, or intensity in a way that reflects proximity to the cursor’s location. For
example, a more intense or brighter glow mask may be associated with a closer object, while
a less intense or dimmer glow mask may be associated with an object that is further away.
For example, in the example shown in FIG. 16C, glow mask 1622 is brighter than glow
masks 1624 or 1626 because the object 1632 associated with glow mask 1622 1s closer to the
cursor’s location 1630 than the objects 1636, 1624, In this example, a glow mask is not
generated for the object 1608, because its distance from the center 1630 of the cursor glow
1610 exceeds the size of the cursor glow. The varying inteusity of the glow masks can
advantageously provide precise positional feedback, even when the system is not rendering
an on-screen visual aid (e.g., a cursor) to indicate the position of the cursor.

{6171} To meodify the glow mask’s edge thickness, glow brightness, color,
intensity, or other propertics, the shader program can consider x and v display-space
distances from each rendered pixel to the cursor, and can expand or contract feathering
parameters (such as glow mask’s edge thickness or glow intensity) accordingly,

{6172] FIG. 16D illustrates a fourth render pass for rendenng the focus indicator.
The fourth render pass can be rendered on-screen, and can represent a later (or final} stage
1600D of rendering work for the entire scene. For this render pass, the systermn has access to

the CursorSource buffer 1600A, the ShapeMask buffer 1600B, and the GlowMask 1600C
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buffer, as well as (optionally) one or more on- or off-screen buffers comprising 3D scene
content rendered by the rendering application (sometimes referred o as a “SceneBuffer”).

16173} The system can combine the CursorSource buffer 1600A, the ShapeMask
buffer 16008, and GlowMask 1600C buffer, and SceneBufler using various techniques. For
example, a shader program can combine the various buffers together to generate the scene
1600D. For example, the shader program can subiract each non-zero ShapeMask 16008 pixel
from the SceneBuffer color. In addition, the shader program can add, to the SceneBuffer
colors, the combination of the GlowMask 1600C buffer minus the ShapeMask butter! 600B
and multiplied by the CursorSource buffer.

[6174] As llustrated in the scene 1600D of FI1G. 16D, the objects 1632, 1634, and
1636 have been assigned a focus indicator 1202a, 1202b, 1202¢, respectively. The focus
indicators 1202a-1202¢ radiate at least partially around each of the respective objects 1632,
1634, 1636. In this example, the portion of which the focus indicators 1202 radiate
corresponds to the portions of the objects that fall within the outer boundary or sithouette
1620 of the cursor glow. Portions of the objects that are outside the boundary 1620 are not
rendered with a focus indicator i this example. However, in some cases, if at least a portion
of the object falls within the sithouctte 1620 of the cursor glow, the entire object and not just
a portion of the object is assigned a focus indicator. As shown, because no portion of object
1638 falls within the silhouette 1620 of the cursor glow 1610 {for the illustrated location
1630 of the cursor), the object 1638 is not assigned a focus indicator,

06175] Accordingly, a user who views the rendered scene in FIG. 16D will be
provided strong visual cues that the cursor 1s behind the object 1632 due to the more intense
focus indicator 1202a {(compared to indicators 1202b and 1202¢) and due to the fact that the
focus mdicators 1202b, 1202¢ extend only partly around their associated objects 1636, 1634,
whereas the focus indicator 1202a extends almost entirely around the object 1632,

[6176] In regions where there are sufficient objects or they are relatively densely
packed, the echipse cursor and focus indicators can be effective at indicating the location of
the cursor. However, in regions where there are few or no objects, the system can render a
graphical element {e.g., a small glow sprite) to indicate the cursor position to the user,

8177} The system may provide tunable parameters for each selectable object that

control how strongly the object’s edges might glow when selected or interacted with, or
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which allow for increase or decrease in the extent to which an object may glow as the cursor
approaches it. In some cases, when rendering shape masks or glow masks, the system can use
a mathematical shape representation to incorporate anti-aliasing into the source render

ProcCess.

Real-World Obiects

[6178] Although the implementation of the focus indicators 1202 illustrated in
FIGS. 16A-16D show the focus indicators associated with virtual content, similar techniques
are applicable in assigning focus indicators highlighting real-world objects in an augmented
or nuxed-reality environment., For example, the system can use a camera space

approximation of the object's shape with a multi-tap blur used to generate the focus mdicator,

Eclipse Cursor in Planar Lavouts

[6179] For environments with many selectable objects, e.g., organized grids or
lists, the system may display the cursor to behave more hike a focus-indicator, FI1G. 17 shows
an example of a grid 1700 and user input on a totem 1702 {with a touch sensitive surface
1704). The user’s touch on a trajectory 1706 on the touch sensitive surface 1704 moves the
cursor along substantially the same trajectory 1710 across the grid layout 1700 of selectable
objects. The objects may have the attractive effect described herein, so the cursor need not be
displayed between objects as it 18 attracted to the closest object. For example, one of the
objects in the grid 1700 may always have focus (e.g, and be emphasized by a focus
mdicator). Visual focus indicators and (optionally) haptic events on the totem 1702 can
accompany hovering over {or selection of} objects.

{0180} For flexible navigation of more complex layouts, including regions with
granular selection, such as a browser or a document with much selectable text, the cursor
may always be visualized, because the layout is not full of eclipse objects that will occlude
the carsor. Visual focus 1ndicators and optional haptic events can still accompany hovering

over selectable objects,
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Additional Examples of Eclipse Cursors and Focus Indicators

[B181] FIGS. 18A-18C illustrate an example of a cursor 1202 moving toward an
object 1204 having a focus indicator 1302. The object 1204 may be a selectable object such
as an icon, which can be selected to mmtiate execution of an apphication. In this example, for
illustrative purposes, the icon is illustrated as the earth and moon in a starry background, and
the executable application is labeled as Space Explorer. Dashed lines around the icon 1202,
the focus mdicator 1302, and the object 1204 indicate that each of these graphical elements
may be rendered by the display system in different buffers, which can be combined as
described with reference to FIGS. 16A-16D.

[6182] FIG. 18A illustrates an example when the cursor is remote from the object
1204. In this case, the cursor 1202 1s relatively bright to aid visibility to the user and the
focus indicator 1302 is relatively small and not very intense. The system may render the
focus indicator 1302 as roughly the same size as the object 1202 (as shown by the dashed
tines in FIG. 18A) and may render the object 1202 on top of the focus indicator 1302 or
render the object 1202 after the focus indicator 1302, Thus, when the cursor 1202 is remote
from object 1204, the focus indicator 1302 can be said to stay “hidden” behind the object
1204 and may be visually imperceptible or nearly imperceptible to the user.

{6183] FIG. 18B iHlustrates an example of the interactions between the cursor,
object, and focus indicator as the cursor approaches the object. As illustrated, the focus
indicator 1302 w FIG. 13B is larger, brighter, or more intense than the focus mdicator of
FIG. 18A. Furthermore, as the cursor 1202 approaches the object 1204, the focus indicator
1302 begins to move out from behind the object to meet the cursor 1202, This gives the
appearance that the focus indicator is attracted toward the cursor 1202, In addition, FIGS.
18A and 18B illustrate how an intensity of the focus indicator can fade in or out depending
on an object’s proximity to the cursor and position relative to the cursor. For example, in
FIG. 18B, the focus indicator 1302 is more visually perceptible on the side of the object 1204
closest to the cursor 1202 and less perceptible on the opposite side of the object, which
provides the user with a clear perception that the cursor 1202 is close to that particular side of
the object 1204,

{0184] FIG. 18C illustrates an example of the interactions between the cursor,

object, and focus indicator as the cursor moves (or hovers) behind the object. When the
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cursor 1202 moves behind the object 1204, the object 1204 grows larger (in this example)
and the object foreground expands such that the object 1204 appears closer or larger to the
user. In addition, the focus indicator 1302 becomes brighter and may substantially surround
the object to indicate that the object 1204 has been selected. In this example, the icon (which
had been represented in 2D in FIGS. 18A and 18B) has expanded out so that the earth (and
moon) are displayed in front of the starry background (e.g., at depths that are closer to the

user than the depth of the starry background).

Example Focus Indicators

[6185] FIGS. 19-22 illustrate various examples of focus indicators that can be
rendered by the system. The focus indicators 1302 can be curenlar (e.g., as shown i FIGS.
18, 19, and 21}, rectangular {(e.g., as shown in FIG. 20}, or other shapes. In some cases, the
focus indicator can include a label disposed adjacent {e.g., above, below, or to the side of) an
object 1302. For example, FIG. 19 shows a label “Search” to the side of the object 1302 and
FIG. 20 shows a label “Gather pages”™ above the object 1302, The label can be emphasized
{e.g., made brighter} when the object is selected to provide a visual cue regarding the object
to the user. Although these examples show textual labels, the label can be any graphical
element. FIG. 22 shows an example where an application selection icon has been selected by
the user, which permits the user to select among applications such as a browser, a social
network, etc. In FIG. 22, the user has selected the Browser application and the system

renders a focus indicator 1302 as a halo around the Browser icon.

Example Processes of Iinplementation of an Eclipse Cursor

{0186} FIG. 23 illustrates a flowchart for an example method for rendering a
focus indicator in a 3D scene. The process 2300 may be performed by one or more
components of the wearable system 200 such as e.g., the remote processing module 270, the
local processing and data module 260, a graphics processor {GPU), or another processor,
alone or in combination. The display 220 of the wearable system 200 can present a scene to
the user and the system can obtain user ioput data such as eye pose data from the inward-

facing imaging system 462 or head pose data from IMUs, accelerometers, or gyroscopes or
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user mput data for moving the cursor/cursor or selecting objects from a user input device 466
such as the hand-held totem 1702,

{0187] At block 2302, the wearable system can determine the cursor’s location
within the user’s environment. The system can obtain user input data such as eye pose data
from the inward-facing imaging system 462, head pose data from IMUs, accelerometers, or
gyroscopes, or data from a user input device such as the user input device 466 of FIG. 4 or
the totem 1702 of FIG. 17. Based at least in part on the user input data, the system can
determine the cursor’s location within the enviromment. In some cases, in addition io
determining the cursor’s location within the environment, the system can also render the
cursor 1202 or other on-screen visual aid that corresponds to the cursor’s location within the
environment.

{0188] At block 2304, the system can determine a spatial relationship between the
cursor’s location within the environment and one or more objects in the user’s field of view
{or field of regard). In some cases, the system can determine one or more features of the
objects, such as a location, a shape, an orientation, or a size of the one or more objects. Based
at least in part on the one or more object features and the cursor’s location within the
environment determined at block 2302, the system can determine a spatial relationship
between the cursor’s location within the environment and any portion of the object. The
spatial relationship can include relative location information, e.g., how far a portion of an
object is from the cursor’s location within the environment or a relative onentation between
the cursor and the portion of the object {e.g., whether the cursor is above, below, to the left,
to the right of the object. The systern can determine whether the corsor’s location within the
environment overlaps with an object or is behind the object or can determine a distance
between the cursor’s location within the environment and a portion of the object (e.g., a
closest portion of the object, a center of the object, etc.). In some cases, the system can
determine which object(s) are closest to the cursor’s location within the environment,

{6189] In some implementations, virtual objects m the environment can be
represented by a 2D shape sitting on a8 3D world selection plane. The system can cast a ray
against that 3D world selection plane to determine the proximity of the cursor’s location

within the environment relative to any given object. The spatial relationship can include the
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distance between the cursor and the object {or portion of the obiect) and a relative orientation
of the cursor and the object.

{0190} At block 2306, the system can assign a focus indicator to at least a portion
of one or more objects based at least in part on the determined spatial relationship(s). For
example, the system can render the focus indicator using the techniques described with
reference to FIGS. 16A-16D. Also, as described with reference to FIG. 12B and FIGS. 18A-
18C, if the determined spatial relationship provides that the cursor overlaps or is behind the
object, the system can render the object in front of the cursor so that the cursor does not
occlude the object.

{6191} The process 2300 15 intended to be illustrative and not hmiting. The
various blocks described herein can be implemented in a vanety of orders, and that the
wearable system can implement one or more of the blocks concurrently or change the order,
as desired. Fewer, more, or different blocks can be used as part of the process 2300. For
example, the process 2300 can include blocks for displaying a cursor or performing other

user interface actions.

Examples of a Portion of a Display with an lcon or a Graphical User Interface

[6192] FIGS. 24-28 are front views of examples of a portion of a display screen
with an icon. In these examples, the icon comprises a stylized representation of a head that s
mostly within a circle. FIGS. 24-28 show examples a focus indicator at least partially
surrounding the icon. The focus indicator is represented as short lines that appear o radiate
outward from the icon. In these examples, relative fo the icon, the focus indicator is geverally
below (FIG. 24), substantially surrounding (with greater extent below the icon in FIG. 25),
on the right (FIG. 26), on the left (FIG. 27), and above and below (FIG. 28).

{B193] FIGS. 29A-29F are front views of an embodiment of a graphical user
interface for a display screen or a portion thercof. The appearance of the graphical user
interface sequentially fransitions between the images shown i FIGS., 29A-29F. No
ornamental aspects are associated with the process or period in which one image transitions
to another image. In these example figures, a virtual object {e.g., an wcon) 1s represented by a
dashed circle and in other embodiments could be a rectangle, polygon, or other shape. In

FIG. 29A, a focus indicator is shown in greyscale as a circular annulus surrounding the icon,
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A cursor 18 shown in dashed lines. In the transitional image sequence which continues m
FIGS. 29B-29F, as the cursor moves away from the icon, the focus indicator ts pulled
outward and away from the icon and toward the cursor, until it separates from the icon in
FIG. 29E and then transitions to a circular shape in FIG. 29F. In FIG. 29F, the focus indicator
is represented as a greyscale circle, and the cursor is not rendered by the display.

[6194] The designs shown 1 FIGS, 24-29F can be embodied by an augmented
reality or mixed reality display, such as 3 head-mounted display. For example, the display
can comprise the display 220 of the wearable system 200 described with reference to FIG. 2,
or the display of the wearable system 400 described with reference to FIG. 4, or the display
of the optical display system 600 described with reference to FIG. 6. The display or a portion
thereof 1s represented by the outer rectangular dashed hines in FIGS. 24-29F. Neither the
display nor the icon {or other graphical elements of the animated graphical user interface) are
bimited to the scale shown m FIGS. 24-29F. Broken lines showing the display form vo part of
the design,

[6195] Accordingly, n various aspects, the disclosure provides the ornamental
design for a display screen or a portion thereof with an icon or with a transitional {or

animated) graphical user intertace, as shown and described.

Examples of a Portion of a Displav with an Icon or a Gravhical User Interface

[0196] FIGS. 30A-30F illustrate an embodiment of a transitional sequence for a
GUI on a display screen or a portion thereof. The GUI can be rendered by any of the
wearable displays described herein, such as, e.g., the wearable display systems 200, 400, 600
described with reference to FIGS. 2, 4, and 6. FIGS. 30A-30F show a GUI having a cursor
1202 that sequentially transitions from Point A to Point F along an illustrative path 3001
indicated by a dashed hine. As illustrated, the GUI includes a plurality of icons 3002
presented in a grid layout. The GUI uses the cursor 1202 or a focus indicator 1302, as
described herein, to show interactions between the cursor, icon, or focus indicator as the
cursor moves {or hovers} behind an icon. The grid layout, icon shape (e.g., rectangular in
these figures), and cursor path are intended to be lustrative and not bmiting. The icons n
the grid layout can be rendered at a single depth {e¢.g., to appear 2D} or at multiple depths
{e.g., to appear 3D). The icons 3002 can be thumbnails. The grid layout need not be planar
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and can be rendered as curved {e.g., with some portions of the layout at closer depths than
other portions).

{6197] FIG. 30A illustrates an example of the interactions between icons 3002
and the cursor 1202 as the cursor 1202 is positioned at Point A. The icons 3002 can
correspond to any type of interactable objects in the virtual environment of the user of the
wearable systermn. Interactable objects mclude, without himtation, applications {e.g., apps),
content folders, digital media such as, but not limited to, still images, videos, audio, music,
albums, documents, or the like. As illustrated, at Point A the cursor 1202 is between icons
3010, 3012 (B3 and D3) within the grid layout. In other words, at Point A the cursor 1202 is
not selecting any of icons 3002.

[619€] FIG. 30B illustrates an example of the interactions between icon 3010
{B3) and the focus indicator 1302 as the cursor 1202 moves {or hovers) behind the icon 3010
at Point B. As shown in this example, when the cursor 1202 moves behind the icon 3010, the
GUI assigns a focus indicator 1302 that surrcunds the icon 3010 to indicate that the icon
3010 has been hovered under by the cursor. The focus mndicator 1302 is shown in greyscale
as a curved shape, which in this example, substantially surrounds the icon. The cursor 1202 15
echipsed by the icon 3010 in FIG. 30B. Although the cursor 1202 is shown in dashed hines,
the dashed lines merely indicate the position of where the cursor 1202 would be, if rendered.

{0199] In some cases, the visual appearance of the selected icon 3010 can change
to indicate that the icon has been selected by the user. For exaruple, the user may select the
icon 3010 by hovering the cursor 1202 under the icon 3010 for a period of time {(e.g., 3 few
seconds or more), user input from a fotem {(e.g., actuating a touch sensitive surface such as
clicking or double-clicking), an eve, head, or body gesture, etc. For example, the wearable
systemn may detect user selection of the icon based af least partly on eye gaze, e.g., an eye
tracking camera detects the user fixating on the icon 3010 for longer than a threshold time
{e.g., | s or more).

{6200] The visual appearance of the other wcons n the layout (e.g., the wcons that
do not eclipse the cursor) can change to indicate that icon 3010 has been hovered under or
selected. The icon 3010 or the other icons can change in size or shape as the cursor 1202
moves behind icon 3010, For example, the icon 3010 can grow larger or the icon foreground

can expand such that the icon 3010 appears closer or larger to the user (e.g., at depths that are

-60-
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closer to the user than the depth of the background). Similarly, the un-selected icons can
grow smaller or the foreground of the un-selected icons can reduce such that the icons appear
further from or smaller to the user. Additional or alternative changes to size, shape, or visual
appearance of the icons can be used. For example, the selected 1con 3010 can grow smaller or
the other icons 3002 grow larger when icon 3010 is hovered under or selected.

16201} The selected 1con 3010 or the other icons can change in clanty (ucluding
transparency), resolution, or the like as the cursor 1202 moves behind icon 3010. For
example, when no icon 18 selected {¢.g., such as illustrated in Fig. 30A), each of the icons
3002 may be presented at a first clarity or a first resolution. As the cursor 1202 moves behind
the wcon 3010, the clarity or resolution of the hovered under or selected icon can change, for
example, to a second clanty or a second resolution. In some cases, the second clarnity s
clearer than the first clarity, and in some cases, the second resolution s higher resohution than
the first resolution. Accordingly, as an icon 3010 is selected, the icon 3010 can become more
in focus, higher resolution, or higher guality than the icon was pre-selection.

{6202} In addition or alternatively, as the cursor 1202 moves behind icon 3010,
the clarity or resolution of the other icons {e.g., un-selected icons) can change, for example,
to a third clanity or a third resolution. In some cases, the third clanty can be less clear than
the first clarity or the third resolution can be lower resolution than the first resolution.
Accordingly, when icon 3010 is selected, the other icons can appeared blurred, out of focus,
low resolution, or low guality,

16203] However, in some cases, the clarity or resolution of the selected icon can
decrease when selected. Similarly, the clarity or resolution of the non-selected icons can
increase when an icon is selected. Additional or alternative changes to clarity, resohution, or
the like can be implemented.

[6204] In some cases, as the cursor 1202 moves behind icon 3010, additional
detail can be shown for the selected icon 3010, For example, addition detail can include a
caption 3014, which can include a title for an app or media. Similarly, additional detail can
include a size (e.g., in bytes), a date created, a date modified, a location, a file type, a
resolution, video detail (e.g., length of video, producer, actors, etc.), or other charactenistics

corresponding to the selected icon 3010.
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[6205] In some cases, as the cursor 1202 moves behind icon 3010, one or more
features of the selected icon 3010 can activate. For example, if the icon 3010 corresponds to
a video, the selection of the icon 3010 can cause the video to begin to play. Similarly,
selection of the icon 3010 can cause GUI to cycle through images, play an album, play a GIF,
or the like,

[6206] FIG. 30C illustrates an example of the interactions between the wcon 3010
and the focus indicator 1302 as the cursor 1202 transitions behind the icon 3010 to Point C,
near the center of the icon 3010, In the illustrated embodiment, as the cursor 1202 moves
towards the center of the icon 3010, the icon 3010 continues to grow larger (e.g., as
compared to FIG. 30B) such that the icon 3010 appears even closer or larger to the user {(e.g.,
at a closer depth). For example, the icon 3010 can grow in size such that at least a portion of
the icon 3010 overlaps with one or more other icons. In examples such as these, the
overlapped icons can become more transparent or blurry, or they can become partially
covered by the selected icon 3010.

[6207] In addition or aliernatively, as the cursor 1202 transitions to a more ceniral
jocation behind the icon 3010, the intensity of the focus indicator 1302 can change. For
example, the focus indicator 1302 can become brighter or larger. Furthermore, the clarity,
resolution, or the like of the selected icon 3010 or the other icons can continue to increase or
decrease. By continuing to track the cursor (even after assigning a focus indicator) and
modifying the mtensity of the focus ndicator or characteristics of the icons, the system can
provide sustained input feedback and an accurate sense of cursor position to the user

{6208] FIG. 30D illustrates an example of the interactions between icons 3010
and 3012 and the cursor 1202 as the cursor 1202 moves along the path from Point C (under
the icon 3010} fo Point D (between the icons 3010 and 3012). As illustrated, when the icon
3010 s no longer selected {or hovered under), the icon can return to its original size, shape,
resolution, focus, clarity, or the like, as illustrated in FIG, 30A,

{6209] FIG. 30FE illustrates an example of the interactions between icon 3012 and
the focus indicator 1302 as the cursor 1202 moves {or hovers) behind the icon 3012 to Point
E. As described herein with respect to FIG. 308, when the cursor 1202 moves behind the
icon 3012, the GUI can assign a focus indicator 1302 that surrounds the icon 3012 to indicate

that the icon 3010 has been selected. The focus indicator can include a caption 3016.
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[6210] FIG. 30F illustrates an example of the inferactions between icon 3010 and
the focus indicator 1302 as the cursor 1202 transitions behind the icon 3012 to Point F. As
described herein with respect to FIG. 30C, as the cursor 1202 moves towards the center of
the icon 3012, the icon 3012 continues to grow larger {e.g., as compared to FIG. 30E) such
that the icon 3012 appears even closer or larger to the user. For example, the icon 3010 can
grow in size such that at least a portion of the icon 3012 overlaps with one or more other
icons.

{0211} Stmilarly as described with reference to FIGS. 30A-30F, the GUI can
continue to dynamically update the icons, the cursor, or the focus indicator as the cursor
contimues to move along an extension of the path 3001 or along a different path among the

icons in the grid layout.

Examples of Scrolling of Data in a Graphical User Interface

{6212} FIGS. 31 A-31C illustrate an embodiment of a scrolling sequence of a GUI

on a display screen or a portion thereof. The GUI can be rendered by any of the wearable
displays described herein, such as, e.g., the wearable display systems 200, 400, 600 described
with reference fo FIGS. 2, 4, and 6. Scrolling of text, graphics, or other content in the GUI
advantageously allows users to move large distances to navigate the content. In the illustrated
examples, the GUI includes a plurality of icons 3102 arranged in a grid layout and further
illustrates scrolling of the icons 3102 of the gnd. The grid layout and icon shape (e.g.,
generally rectangular or triangular in these figures) are intended to be illustrative and not
bimiting, The icons in the gnd layout can be rendered at a single depth or at muliiple depths,
The scrolling sequence depicted in FIGS. 31A-31C and the eclipse cursor features depicted
in FIGS. 30A-30F can be used separately or together. For example, when the scrolling stops,
the user can move the cursor to one of the icons in the grid layout, and the GUI can tllustrate
this cursor movement and hovering or selecting an icon as described with reference to FIGS.
30A-30F.

{6213} FIG. 31A illustrates the plurality of arranged icons 3012 in the GUIL As
described with respect to FIGS. 30A-30F, the icons 3102 can correspond to virtual content
such as, e.g., apps or digital media. Although the icons 3102 are arranged in a gnd, the icons

3012 can be presented on the GUI in various ways. For example, the positioning of the icons
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3012 can be selected or controlled by a user or the icons 3012 can be arranged automatically
according to one or more grouping criteria {e.g., alphabetically by item name, by content
type, by date, by frequency of use, gic.). The icons in the grid layout can be rendered at a
single depth (e.g., to appear 2D} or at multiple depths (e.g., to appear 3D). The icons 3002
can be thumbnails. The gnd layout need not be planar and can be rendered as curved {e.g.,
with some portions of the layout at closer depths than other portions),

[6214] FIG. 318 iHlustrates an example of the GUI after a scrolling sequence has
been initiated by the user {e.g., by actuating a totem, swiping across the layout, hovering the
cursor near an edge of the gnd or display, etc.). The user initiation can provide a scrolling
direction or a scrolling speed. The scrolling sequence can mimic momentum of the scrolling
content that causes scrolling speed to increase (from rest) such that the scrolling countent is
blurred, unreadable, or the like, while scrolling. The scrolling sequence can simulate drag so
that the scrolling speed slows down and comes to a stop. The wearable system can accept
additional user input to halt the scrolling {(e.g., a further actuation of the totem or a stop
gesture by a hand of the user).

[6215] While scrolling, the icons 3102 can move to a more distant depth, change
their sizes {(e.g., become smaller), or be displayed with less clanty (e.g., with greater
transparency) or less resolution. For example, FIG. 3B schematically depicts the icons 3102
as less sharp (compared to FIG. 3A or 3C). To assist the user in seeing what icons are coming
up next, as the icons 3102 scroll, the GUI can display a content panel 3104 that corresponds
to the scrolling icons. In this example, the icons 3102 scroll horizontally to the right {(as
shown by dashed arrow 3200, which may, but need not, be displayed to the user) so that new
icons appear from the left (and disappear to the right). Thus, the content panel 3104 is
displayed in the general location of from which new 1cons appear {e.g., on the left side of the
display in this example).In other examples, the icons 3102 can scroll in any direction (e.g.,
left to night, right to left, down to up, up to down, diagonally, etc.). Since the wearable
system can display content at multiple depths, the content can scroll from foreground {e.g.,
closer depths) to background (e.g., more distant depths) or trom background to foreground.
Any combination of these scrolling techniques can be used.

{8216} The content panel 3104 can include information regarding the scrolling

content. For example, the icons 3102 can be part of a library, and the content panel 3104 can
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include favorites, recently used, or most used icons in the library. In some cases, the library
can be grouped or sorted by a grouping criterion, such as by date created, date modified, a
name, icon type {e.g., image, video, GIF, album, app, document, etc.), size, or the like. As
the content scrolls by, the content panel 3104 can correspond to the particular group or class
that corresponds fo the content scrolling behind the content panel 3104. As the icons 3102
continue to scroll, the content panel 3104 can be periodically updated with new information
that represents the passing content. FIG. 31B shows an instant where the content panel 3104
comprises icons B1-B4.

{6217] As a non-limiting example, the tcons 3102 can be sorted by date. As the
content scrolls, the content panel 3104 is periodically updated with new information that
represents the passing dates. For example, if the scrolling icons 3102 include an October
date, the content panel can include information regarding October. For instance, a3 message
3114 can include an abbreviation “OCT”, and the content panel 3104 can mclude favorite
icons from October, recently used icons from October, the most used icons from October, or
the like. As the content continues to scroll to the next month {¢.g., November), the content
panel 3104 can update to include mmformation that represents November (e.g., the
abbreviation can change to “NOV”, and the panel can show favonite icons from November,
recently used icons from November, the most used icons from November, or the like). The
content panel 3104 can continue to update as additional dates pass.

{0218} The content panel 3104 can be anchored at a location on the GUI, while
content scrolls off-screen (and the same content can return when the user reverse scrolls). In
the iHustrated embodiments, the content panel 3104 s anchored on the left hand side of the
GUI. However, the content panel 3104 can be located anywhere within the GUI, such as the
center, bottom, top, or right hand side. In some cases, the location of the content panel 3104
is configurable by the user.

[6219] The content panel 3104 can be presented in various ways. For example,
the size of the content bar can vary, for instance, based at least partly on the scrolling speed.
A faster scrolling speed can cause the content bar to display at a first size, while slower
scrolling can cause the confent bar to display at a second size {e.g., smaller than the fust
size). Further, the shape of the content panel 3104 can vary. In the illustrated embodiment,

the content panel 3104 includes a vertical list. However, the list can be vertical, horizontal,
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diagonal, square, or the hike, In addition or alternatively, the content panel 3104 may not
include a list, by instead can include a single object, an icon, an image, text, or the hike. The
content panel 3104 can be displayed at a different depth or depths than the gnd layout. For
example, it may be displayed in front of the grid layout (e.g., as shown in FIG. 31B), behind
the layout, and so forth. In some cases, the characteristics of the content panel 3104 are
configurable by the user,

{62261 The content panel 3104 can include detail (e.g., 3 message 3114) that can
correspond to the content presented in the content panel. For example, the detail can inchude
a caption, a title, or other characteristics corresponding to the scrolling content. For example,
referring back to the example, where the icons are sorted by date, the message 3114 could
include the date abbreviation {e.g., “CCT”).

{6221} As the scrolling sequence ends, the icons 3102 can come to a stop and the
countent panel 3104 can disappear. For example, FIG. 31C illustrates an example of the icons
3102 after the scrolling sequence has ended. In contrast to FIG. 318, the icons 3102 are in
focus and are illustrated as having shified slightly compared to FIG. 31A. Similar technigues
can be used for other types of scrolling such as vertical or diagonal scrolling.

[6223] In some implementations, the GUI can utilize edge scrolling, in which
scrolling begins when a user hovers the cursor near an edge of the grid {or of the display).
The GUI can maintain user behavior history data so that the next time the user opens or
accesses the gnd layout, the GUI displays the cursor on the most recent icon added to the
layout {e.g., the most recent music album or video the user has added) or the most recently

accessed icon.

Example Software Code

[6223] Appendix A includes an example of code in the C# programming
language that can be used to perform an embodiment of the eclipse cursor technology
described herein. An embodiment of the process 2300 can be implemented at least in part by
the example code in Appendix A. Appendix A also includes description of the software code.
The disclosure of Appendix A 15 intended to illustrate an example mplementation of various

features of the eclipse cursor technology and is not intended to limit the scope of the
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technology. Appendix A is hereby incorporated by reference herein in 1ts entirety so as to

form a part of this specification.

Additional Aspects

[6224] In 3 first aspect, a wearable display system comprises a display configured
to be positioned n front of an eve of a user, the display configured to project virtual content
toward the eye of the user; a user input device configured to receive user input data
associated with moverent of a virtual cursor; and a hardware processor in communication
with the display and the user input device, the hardware processor programmed to: identify a
location of the virtual cursor in an environment of the user; determine a spatial relationship
between the virtual cursor and an object in the environruent of the user; and direct the display
to render a focus indicator associated with the object based at least partly on the spatial
relationship,

[6225] In a second aspect, the wearable display system of aspect 1, wherein the
user mput device comprises one or more oft a handheld totem comprising a touch sensifive
surface, an outward-facing imaging system configured to detect a user gesture, an inward-
facing tmaging system configured to detect an eye pose of the user, or an inertial
measurement unit configured to detect 3 head pose of the user.

[{06226] In a third aspect, the wearable display system of aspect 1 or aspect 2,
wherein to determine the spatial relationship between the virtual cursor and the object, the
hardware processor is programmed to; determine a distance between the location of the
virtual cursor and a portion of the object; or determuine a relative orientation between the
virtual cursor and the object; and direct the display to render the focus indicator based at least
partly on the determined distance or the determined orientation.

{82271 In a fourth aspect, the wearable display system of any one of aspects 1-3,
wherein the focus indicator comprises one or more oft a glow or a halo at least partially
surrounding the object, a size or depth change of the object, or graphical highlighting.

[6228] In a fifth aspect, the wearable display system of any one of aspects 1-4,
wherein to divect the display to render a focus indicator, the hardware processor is
programimed to: perform a first render pass to render a cursor glow to a first butfer, a location

of the cursor glow based at least partly on the location of the virtual cursor; perform a second
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render pass to render a shape mask representation of the object to a second butfer; perform a
third render pass to render a glow mask associated with the object to a third buffer; and
perform a fourth render pass configured to combine at least the first buffer, the second buffer,
and the third buffer for presentation to the user.

[6229] In a sixth aspect, the wearable display system of aspect 5, wherein to
perform the fourth render pass, the hardware processor is programmed to combine at least the
first buffer, the second buffer, and the third buffer with a fourth buffer comprising virtual
scene content,

{6230] in a seventh aspect, the wearable display system of any one of aspects 1-6,
wherein the hardware processor 18 further programmed to: defermine a distance between the
location of the virtual cursor and the object; and update the location of the virtual cursor to be
a location representative of the object if the distance is below a threshold distance.

{6231] In an eighth aspect, the wearable display systemn of any one of aspecis 1-7,
wherein the hardware processor is programmed to: determine an orientation between the
location of the virtual cursor and the object; and direct the display to render the focus
indicator preferentially toward the ortentation of the virtual cursor.

6232} In a ninth aspect, the wearable display system of any one of aspects 1-§,
wherein the hardware processor is programmed to: update a location of the virtual cursor
based at least partly on an earlier motion path of the virtual cursor.

[6233] In a 10th aspect, the wearable display systermn of aspect 9, wherein the
hardware processor is programmed to update the location of the virtual cursor based at least
partly on the earlier motion path in response to a cessation of user input from the user input
device.

[6234] In an 11th aspect, the wearable display system of any one of aspects 1-10,
wherein the hardware processor is programmed to: determine a distance between the location
of the virtual cursor and a portion of the object; and in response to determining the distance 1s
less than a threshold: render the object in front of the virtual cursor; or cease rendering the
virtual cursor.

[6235] In a 12th aspect, a method of rendering a cursor relative to an object in a
mixed reality environment, the method comprising: under control of a mixed reality display

device comprising a display and a hardware processor: determining a location of the cursor in
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the mixed reality environment; determining a location associated with the object;
determining whether an overlap occurs between the object and the cursor; in response to
determining that the overlap does not occur, rendering the cursor; and in response to
determining that the overlap does occur, rendering the object in front of the cursor, or ceasing
rendering of the cursor.

[6236] In a 13th aspect, the method of aspect 12, wherein determining whether an
overlap occurs between the object and the cursor comprises determining whether a distance
between the location of the cursor and the location of the object is below a distance
threshold.

{6237} In a 14th aspect, the method of aspect and 12 or aspect of 13, wherein in
response to determining that the overlap does occur, the method further comprises rendering
a focus indicator associated with the object.

{0238] In a 15th aspect, the method of aspect 14, wheremn the focus indicator
comprises one or more of a glow or a halo at least partially surrounding the object, a size or
depth change of the object, or graphical highlighting.

[6239] In a 16th aspect, the method of any one of aspects 12-15, further
comprising: determining a spatial relationship between the cursor and the object; and
rendering a focus indicator associated with the object based at least partly on the spatial
relationship.

[6240] In a 17th aspect, an augmented reality display system comprising: a user
input device configured to receive user input related to a position of a cursor in an
environment of the user; a display through which a user can perceive virtual objects in the
environment of the user; a hardware processor in communication with the user input device
and the display, the hardware processor programmed fo: cause a virtual object to be rendered
via the display; track, based at least in part on the user input, a position of the cursor in the
environment; identify a position of the virtual object; determine whether a first distance
between the virtual object and the position of the cursor satisfies a distance threshold; in
response to a determination that the first distance satisfies the distance threshold, cause a
focus indicator proximate the object to be rendered via the display.

8241} In an 18th aspect, the system of aspect 17, wherein in response to a

determination that the first distance does not satisty the distance threshold, the hardware

-69-

SUBSTITUTE SHEET (RULE 26)



WO 2019/152286 PCT/US2019/015274

processor 1s further programmed to cause a reticle indicating the position of the cursor o be
rendered via the display.

10242} In a 19th aspect, the system of aspect 17 or aspect 18, wherein the virtual
object comprises a selectable object such that in response {o a user input selecting the object,
the hardware processor performs an action associated with the selectable object.

[6243] In a 20th aspect, the system of any one of aspects 17-19, wherein the first
distance satisfies the distance threshold when the position of the cursor overlaps with the at
lcast a portion of the virtual object.

{6244] in a 21st aspect, the system of any one of aspects 17-20, wherein the first
distance satisfies the distance threshold when the position of the cursor and at least a portion
of the virtual object would be mapped to a same pixel on the display.

16245] In a 22nd aspect, the system of any one of aspects 17-21, wherein the first
distance satisfies the distance threshold when the position of the cursor and at least a portion
of the virtual object would be co-located when rendered on the display.

{02406} In a 23rd aspect, the system of any one of aspects 17-22, wherein the
virtual object is a first obiect, wherein the focus indicator is a first focus indicator, and
wherein the hardware processor is further programmed to: cause a second virtual object to be
rendered via the display; identify a position of the second object; determine whether a
distance between the second object and the position of the cursor satisties a second distance
threshold, in response to a determunation that the distance between the second object and the
position of the cursor satisties the second distance threshold, cause a second focus indicator
proximate the second virtual object to be rendered via the display.

{6247} in a 24th aspect, the system of aspect 23, wherein the hardware processor
is programmed to: in response to a determination that the distance between the first virtual
object and the cursor is less than the distance between the second virtual object and the
cursor: cause the first focus indicator to be rendered more prominently than the second focus
indicator.

{0248} In a 25th aspect, the system of aspect of 24, wherein to cause the first
focus indicator to be rendered more prominenily than the second focus wndicator, the
hardware processor is programmed to perform one or more of the following: cause the first

focus indicator to be rendered brighfer than the second focus indicator; cause the first focus
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indicator to be rendered larger than the second focus indicator; or cause the first focus
indicator to be rendered more prominently in a direction toward the cursor than in a direction
away from the cursor.

{6249] In a 26th aspect, the systern of any one of aspects 17-25, wherein the
hardware processor is programmed to: identify a shape of the virtual object; determine an
orientation of the cursor relative to the virtual object; and cause the focus mdicator to be
rendered based at least partly on the shape of the virtual object and the orientation of the
cursor relative to the virtual object.

{6250] in a 27th aspect, the system of aspect 26, wherein the hardware processor
is programmed to cause the focus mdicator to be rendered more prominently along a line
between the cursor and the virtual object.

{0251} In a 28th aspect, an augmented reality display system comprising: a user
input device configured to receive user input related to a position of a cursor 1o an
environment of the user; a display through which a user can perceive virtual objects in the
environment of the user; a hardware processor in communication with the user input device
and the display, the hardware processor programmed to: cause a plurality of virtual objects to
be rendered via the display; track a position of the cursor in a field of view of the display;
identify positions of the plurality of virtual objects; compare the position of the cursor and
the positions of the plarality of virtual objects to determine a closest object to the position of
the cursor; cause a focus indicator to be rendered proximate the closest object via the display.

[6252] In a 28th aspect, the system of aspect 28, wherein the hardware processor
is programmed to: cause a second focus indicator to be rendered proximate at least one other
virtual object that is not the closest object, wherein the first focus indicator is rendered more
prominently than the second focus indicator.

[B253] In a 30th aspect, the system of aspect 28 or aspect 29, wherein the
hardware processor is programmed to: determine whether the position of the cursor overlaps
with the closest object; and in response to a determination that the overlap does not occur,
render the cursor; and in response to determining that the overlap does occur, render the

closest object i front of the cursor, or cease rendering of the cursor.
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[6254] In a 31st aspect, the system of any one of aspects 28-30, wherein the
hardware processor is programmed to: accelerate the position of the cursor to the position of
the closest object.

{6255] In a 32nd aspect, a method of rendering a graphical user interface for a
mixed reality display device, the method comprising: under control of a mixed reality display
device comprising a display and a hardware processor: determining a location of a cursor in a
field of view of the display; rendering a focus indicator associated with an object in the field
of view of the display; tracking a movement of the cursor relative to the object; and adjusting
the rendering of the focus indicator based at least partly on the movement of the cursor
relative to the object.

[0256] In a 33rd aspect, the method of aspect 32, wherein the focus indicator
comprises one or more of! 3 glow or a halo at least partially surrounding the object, a size or
depth change of the object, or graphical highlighting.

[6257] In a 34th aspect, the method of aspect 32 or aspect 33, further comprising
rendering the cursor,

[B258] In a 35th aspect, the method of aspect 34, further comprising rendering the
cursor less prominently or not at all if the cursor 1s located behind the object.

{6259] in a 36th aspect, the method of any one of aspects 32-35, wherein
rendering the focus indicator comprises rendering at least a portion of the focus indicator
more prominently in a direction toward the cursor than in a direction away from the cursor,

[B6260] In a 37th aspect, the method of aspect 36, wherein rendering at least a
portion of the focus indicator more prominently comprises one or more of: rendering the
portion more brightly, rendering the portion larger, rendering the portion in a different color,
or rendering the portion in a different graphical style,

{8261} In a 3&th aspect, the method of any one of aspects 32-37, wherein
adjusting the rendering of the focus indicator comprises simulating a visual appearance of an
attraction between the focus indicator and the cursor.

[06262] In a 39th aspect, the method of any one of aspects 32-38, wherein
adjusting the rendering of the focus indicator comprises emphasizing a visual appearance of a
first portion of the focus indicator closer to the cursor compared to a visual appearance of a

second portion of the focus indicator farther from the cursor,
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[6263] In a 40th aspect, the method of any one of aspects 32-39, wherein
adjusting the rendering of the focus indicator comprises simmtlating a visual appearance of the
cursor pulling a portion of the focus indicator from the obiect and toward the cursor.

{6264] In a 4lst aspect, a wearable display system comprising: a display
configured to be positioned in front of an eye of a user, the display configured to project
virtual content toward an eye of the user; a user input device configured to receive user mput
data associated with movement of a virtual cursor in a virtual environment; and a hardware
processor in commmunication with the display and the user input device, the hardware
processor programmed to: direct the display to render a virtual icon at a first depth in 3
virtual environment; direct the display to render a virtual cursor at a second depth in the
virtual environment; track movement of the virtual cursor in the virtpal environment;
determine whether an overlap occurs between the virtual cursor and the virtual icon; and in
response to the determunation of the overlap, direct the display fo render the virtual icon at a
third depth closer to the user than the first depth or the second depth.

[06265] In a 42nd aspect, the wearable display system of aspect 41, wherein the
user input device comprises one or more off a handheld totem comprising a touch sensitive
surface, an outward-facing tmaging system configured to detect a user gesture, an inward-
facing imaging system configured to detect an eye pose of the user, or an inertial
measurement unit configured to detect a head pose of the user.

[0266] In a 43rd aspect, the wearable display system of aspect 41 or aspect 42,
wherein the first depth is the same as the second depth,

{6267] In a 44th aspect, the wearable display system of any one of aspects 41-43,
wherein in further response to the determination of the overlap, the hardware processor is
programmed to emphasize a visual appearance of virtual icon compared to a visual
appearance of the virtual cursor.

[6268] In a 45th aspect, the wearable display system of aspect 44, wherein to
emphasize the visnal appearance of the virtual icon, the hardware processor is programmed
to direct the display to: render the virtual icon larger than when rendered at the first depth; or
render a focus indicator around at least a portion of the virtual icon; or render a caption
associated with the virtual icon; or render the virtual icon with additional virtual content than

when rendered at the first depth; or render the virtual icon with higher resolution or higher
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brightness than when rendered at the first depth; cease the rendering of the virtual cursor; or
render the virtual cursor with a reduced brighiness or with an increased transparency.

[0269] In a 46th aspect, the wearable display system of any one of aspects 41-45,
wherein the hardware processor is further programmed to accept user input to select the
virfual icon.

[627G] In a 47th aspect, the wearable display system of any one of aspects 41-46,
wherein the hardware processor is further programmed to: track further movement of the
virtual cursor in the virtual environment; determine whether the overlap between the virtual
cursor and the virtual icon ceases to occur; and in response to the determination that the
overlap ceases to occur, direct the display to render the virtual icon at the first depth.

6271} In a 48th aspect, the wearable display system of aspect 47, wheremn the
hardware processor is programmed to: render the virtual icon with a visual appearance that is
the same as a visual appearance of the virtual icon before the overlap; or render the virtual
cursor with a visual appearance that is the same as a visual appearance of the virtual cursor
before the overlap.,

[6272] In a 49th aspect, the wearable display system of any one of aspects 41-48,
wherein the hardware processor is programmed to: render a virtual layout comprising a
plurality of virtual icons, wherein the plurality of virtual icons includes the virtual icon.

{6273} In a 50th aspect, the wearable display system of aspect 49, wherein the
hardware processor is programmed to receive a user indication to scroll the virtual layout.

6274] In a 51st aspect, the wearable display system of aspect 50, wherein the
user indication comprises a scroll direction or a scroll speed.

{6275] in a 52nd aspect, the wearable display system of aspect 50 or aspect 51,
wherein the user indication comprises a hover of the virtual cursor at an edge of the virtual
layout.

[6276] In a 53rd aspect, the wearable display system of any one of aspects 50-52,
wherein the hardware processor is programmed to direct the display to: scroll the virtual
layout; and render a virtual content panel that comprises a representation of virtual icons that

were not rendered prior to the scroll.
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[6277] In a 54th aspect, the wearable display system of aspect 53, wherein the
virtual content panel is rendered at a depth that is different from a depth at which at least a
portion of the virtual layout is rendered.

{6278] In a 55th aspect, the wearable display system of any one of aspects 49-54,
wherein the virtual layout comprises a regular grid or an wrregular grid.

[6279] In a 56th aspect, the wearable display system of any one of aspects 41-55,
wherein the virtual icon comprises a thumbnail of an application or a media file.

{6280] In a 37th aspect, the wearable display system of aspect 56, wherein the
media file comprises a video file, an audio file, or a document file.

[6281] In a S58th aspect, a wearable display system comprising: a display
configured to be positioned o front of an eye of a user, the display configured to project
virtual content toward an eye of the user; 3 user input device configured to receive user mput
data associated with movement of a virtual cursor in a virtual environment; and a hardware
processor in communication with the display and the user input device, the hardware
processor programmed to: divect the display to render a virtual layout of a plurality of virfual
icons, wherein at least some of the plurality of virtual icons in the virtual layout are rendered
at a first depth in the virtual environment; receive a user indication to scroll the virtual
tayout; and in response to receipt of the user indication to scroll the virtual layout, direct the
display to: render a virtual content panel that comprises a representation of virtual icons that
were not rendered prior to the scroll, the virtual content panel rendered at a second depth m
the virtual environment,

{6282] In a 39th aspect, the wearable display system of aspect 58, wherein the
first depth is different from the second depth.

[6283] In a 60th aspect, the wearable display system of aspect 58 or aspect 59,
wherein the user indication comprises a scroll direction or a scroll speed.

[6284] In a 61st aspect, the wearable display system of any one of aspects 58-60,
wherein the user indication comprises a hover of the virtnal cursor at an edge of the virtual
layout.

[6285] In a 62nd aspect, the wearable display system of any one of aspects 58-61,
wherein the virtual content panel comprises a message indicative of the content of the

plurality of icons being scrolled.
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[6286] In a 63rd aspect, the wearable display system of any one of aspects 58-62,
wherein the representation of the virtual icons comprises thumbnails.

{02871 In a 64th aspect, the wearable display system of any one of aspects 58-63,
wherein the scroll of the virtual layout is performed with a momentum or a drag.

[6288] In a 65th aspect, the wearable display system of any one of aspects 58-64,
wherein the hardware processor 15 further programmed fo: receive a user indication fo halt
the scroll of the virtual layout; and in response to receipt of the user indication to halt the
scroll of the virtual layout, direct the display to: cease the scroll of the virtual layout; and

cease the render of the virtual content panel.

Additional Considerations

{6289] Each of the processes, methods, and algorithms described herein or
depicted in the attached figures may be embodied 1n, and fully or partially automated by,
code modules executed by one or more physical computing systems, hardware computer
processors, application-specific circuifry, or electronic hardware configured to execute
specific and particular computer instructions. For example, computing systems can include
general purpose computers {e.g., servers) programmed with specific computer instructions or
special purpose computers, special purpose circuitry, and so forth. A code module may be
compiled and linked into an executable program, installed in a dynamic link library, or may
be written m an inferpreted programming language. In sormse implementations, particular
operations and methods may be performed by circuitry that is specific to a given function.

{6290] Further, certain implementations of the functionality of the present
disclosure are sufficiently mathematically, computationally, or technically complex that
application-specific hardware or one or more physical computing devices (utilizing
appropriate specialized executable instructions) may be necessary to perform the
functionality, for example, due to the volume or complexity of the calculations involved or to
provide results substantially 1o real-time. For example, a video may include many frames,
with each frame having millions of pixels, and specifically programmed computer hardware
is necessary to process the video data to provide a desired image processing task or

application in a commercially reasonable amount of time.
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[6291] Code modules or any type of data may be stored on any type of non-
transitory computer-readable medium, such as physical computer storage including hard
drives, solid state memory, random access memory {RAM), read only memory (ROM),
optical disc, volatile or non-volatile storage, combinations of the same or the like. The
methods and modules (or data) may also be transmitted as generated data signals {e.g., as part
of a carrier wave or other analog or digital propagated signal) on a variety of computer-
readable transmission mediums, including wireless-based and wired/cable-based mediums,
and may take a variety of forms {e.g., as part of a single or multiplexed analog signal, or as
multiple discrete digital packets or frames). The results of the disclosed processes or process
steps may be sfored, persistently or otherwise, in any type of non-transitory, tangible
computer storage or may be communicated via a computer-readable transmmission medium,

{6292} Any processes, blocks, states, steps, or functionalities in flow diagrams
described herein or depicted n the attached figures should be understood as potentially
representing code modules, segments, or portions of code which include one or more
executable instructions for implementing specific functions {¢.g., logical or arithmetical} or
steps in the process. The various processes, blocks, states, steps, or functionalities can be
combined, rearranged, added to, deleted from, modified, or otherwise changed from the
tllustrative examples provided herein. In some embodiments, additional or different
computing systems or code modules may perform some or all of the functionalities described
herein. The methods and processes described herein are also not limited to any particular
sequence, and the blocks, steps, or states relating thereto can be performed in other sequences
that are appropriate, for example, 1o serial, in parallel, or in some other manner. Tasks or
events may be added to or removed from the disclosed example embodiments. Moreover, the
sgparation of various system components in the mmplementations described herein s for
tllustrative purposes and should not be understood as requiring such separation in all
implementations. It should be understood that the described program components, methods,
and systems can generally be integrated together in a single computer product or packaged
into multiple computer products. Many implementation variations are possible.

[6293] The processes, methods, and systerns may be implemented in a network
{or distributed} computing environmeni. Network environments include enterprise-wide

computer networks, intranets, local area networks (LAN), wide area networks (WAN),
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personal area networks (PAN), cloud computing networks, crowd-sourced computing
networks, the Internet, and the World Wide Web. The network may be a wired or a3 wireless
network or any other type of communication network.

{6294] The systems and methods of the disclosure each have several innovative
aspects, no single one of which is solely responsible or required for the desirable attributes
disclosed herein. The vanous features and processes described above may be used
independently of one another, or may be combined in various ways. All possible
combinations and subcombinations are intended to fall within the scope of this disclosure.
Various modifications to the implementations described in this disclosure may be readily
apparent to those skilled in the art, and the generic principles defined herein may be apphied
to other implementations without departing from the spirit or scope of this disclosure. Thus,
the claims are not intended to be limited to the implementations shown herein, but are to be
accorded the widest scope consistent with this disclosure, the principles and the novel
features disclosed herein.

{6295} Certain features that are described in this specification in the context of
separate implementations also can be implemented in combination in a single
implementation. Conversely, various features that are described in the context of a single
implementation also can be implemented in multiple implementations separately or in any
suitable subcombination. Moreover, although features may be described above as acting in
certain comnbinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed
combination may be directed to a subcombination or variation of a subcombination. No
single feature or group of features is necessary or indispensable to each and every
ermbodiment.

[6296] Conditional language used herein, such as, among others, “can,” “could,”
“might,” “may,” “e.g.,

undersicod within the context as used, is generally intended to convey that certain

5

and the like, unless specifically stated otherwise, or otherwise
embodiments inchide, while other embodiments do not include, certain features, elements or
steps. Thus, such conditional language is not generally intended to imply that features,

clements or steps are in any way required for one or more embodiments or that one or more

embodiments necessarily include logic for deciding, with or without author imput or
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prompting, whether these features, elements or steps are included or are to be performed in
any particular embodiment. The terms “comprising,” “including,” “having,” and the like are
synonymous and are used inclusively, in an open-ended fashion, and do not exclude
additional elements, features, acts, operations, and so forth. Also, the term “or” s used in s
inclusive sense (and not in its exclusive sense) so that when used, for example, to connect a
list of elements, the term “or” means one, some, or all of the elements in the list. In addition,

133 42 €6
a

the articles an,” and “the” as used in this application and the appended claims are to be
consirued to mean “one or more” or “at least one” unless specitied otherwise.

{6297] As used herein, a phrase referring to “at least one of” a list of ttems refers
to any combination of those items, inchuding single members. As an example, “at least one
off A, B,or C"is mtended to cover: A, B, C,Aand B, Aand C, B and C, and A, B, and C.
Conjunctive language such as the phrase “at least one of X, Y and 7.7 unless specifically
stated otherwise, 13 otherwise understood with the context as used in general to convey that
an item, term, ctc. may be at least one of X, Y or Z. Thus, such conjunctive language is not
generally intended fo imply that certain embodiments require at least one of X at least one of
Y and at least one of 7 to cach be present.

{06298} Sirmlarly, while operations may be depicted in the drawings in a particular
order, it 18 {0 be recognized that such operations need not be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. Further, the drawings may schematically depict one more example
processes in the form of a flowchart. However, other operations that are not depicted can be
meorporated 1o the example methods and processes that are schematically illustrated. For
example, one or more additional operations can be performed before, after, simultaneously,
or between any of the iHustrated operations. Additionally, the operations may be rearranged
or reordered in other implementations. In certain circumstances, multitasking and parallel
processing may be advantageous. Moreover, the separation of various system components in
the implementations described above should not be understood as requining such separation
in all implementations, and it should be understood that the described program components
and systems can generally be integrated together in a single software product or packaged

into multiple software products. Additionally, other implementations are within the scope of

-78.

SUBSTITUTE SHEET (RULE 26)



WO 2019/152286 PCT/US2019/015274

the following claims. In some cases, the actions recited in the claims can be performed in a

different order and still achieve desirable resulis.
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A portion of the disclosure of this Appendix contains material which is subject to copyright
protection. The copyright owner has no objection to the facsimile reproduction by anyone of
the patent document or the patent disclosure {which includes this Appendix), as it appears in
the Patent and Trademwark Office patent file or records, but otherwise reserves all copyright

rights whatsoever.

The following computer code and description are intended to iHustrate various embodiments
ot the Eclipse cursor technology but are not intended to limit the scope of the Eclipse cursor

technology.

I ECLIPSE CURSOR OVERVIEW

The Eclipse cursor represents a way of highlighting user selections when using a pointing
device. Rather than the conventional approach of showing a small pointer ‘sprite’ that moves
over or in front of selectable content, the Eclipse cursor moves behind that content and offers
positional feedback to the user via the motion of a glow that radiates out from behind the
selected itemy. By continuing to accurately track user input even while highlighting the
selected item, the Eclipse glow will shift in position to offer sustained input feedback and an
accurate sense of cursor position to the user. In the example described in this Appendix, users
use an eclipse cursor to target planar user interface (Ul) elements by moving a touch-
controlled cursor or a focus mdicator. And relative cursor’s logic and data is based on
touchpad information which is provided by a GripTofem script. This document shows

examples of relative eclipse cursor input algorithms.

. ECLIPSE CURSOR FEATURES

The cursor can have inertia. The cursor position can be clipped to a panel. The panel can
have rounding settings so that the mput area can be round, a capsule, or a rectangle with
some degree of corner rounding. The cursor can have the functionality to snap onto clements

when a user’s finger 1s released from the touchpad.
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HI. RELATIVE MECHANICS

The class CursorRelativelnput can implement the relative cursor. It can update the position
of a cursor that sits within a bounded region of a 3D plane in response to user input {e.g.,
Totem touch-pad feedback). The term relative can be used to describe the cursor's core input-
to-motion response: as the user pushes on the Totem’s touch-pad the system will update the
cursor such that it appears o proceed along an equivalent motion heading within the control

plane; each motion step can be relative to the previous position.

A, Cursor and Panel Interaction
An instance of CorsorRelativelnput is spawned (as one of several cursor control choices) by

an EclipsePanel. The panel can provide a concept of activity scope to the cursor - when the
panel has Focus, the cursor instance can be updated. It can also define bounds of cursor
motion, as well as the primary set of elements with which the cursor can interact {e.g.,

buttons that are children of that same panel instance).

Examples of EclipsePanel are shown in FIG. 22, The regions below “Social”, “Application”,

and “Store” are EclipsePanels.

Cursor bounds can be defined as a rectangular region that map exactly to dimensions
specified for an EclipsePanel, or may be a secondary set of custom bounds provided by the

panel {e.g. if the control region represents just a subset of the space occupied by the panel).

A panel can possess a rounding’ attribute consistent with other Hclipse elements. This can
mean that the panel (and thus the cursor bounds) can be a perfect circle or capsule, a sharp-
cornered square or rectangle, or any rounded corner shape in between. The relative cursor

respects the panel’s rounding state as bounds can be applied.

In some cases, there may be an arbitrary number of panels active. Therefore, there can be

multiple relative cursor instances in existence. In some cases, only one panel can have fnput
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Focus., This can be the only panel that will be actively updating #ts cursor. This can be
achieved via a call from the central KclipseUX class and the result of this update can be a
cursor ray that will project from a user centric position (e.g. head-pose or totem position)

throurh a position on the panel's control plane,
gnap p P

In addition or alternatively to detecting buttons belonging to its host panel, a cursor may
detect buttons belonging to other panels that are permitted to share Focus with the active

lnput Panel.

B. Cursor Collision
Using a Cursor Ray provided by the Input Panel's cursor update, EclipseUl can perform a

ray-cast against active interactable elements {(e.g., buttons belonging to panels that currently
have Focus). The test performed here can use a math-based ray-cast which offers several
advantages over using colliders. For example, the advantages can inchude, but are not hmited

to:

e The test can reflect the rounding shape of the button {e.g., using the same math that is

used to render the buttons for optimum consistency).

e The system can determine both whether a button 1s being overed and how close a
button may be to the cursor. This can serve at least two important functions. First, the
system can determined which buttons are proximate to the cursor, and based on this
determined, the system can start to show an Hclipse glow as it approaches those
buttons. Second, in some cases, it is desirable to find the nearest bution to the current
cursor position {e.g. for Gravity Well support}.

¢ By avoiding the need for colliders, scenes can appear cleaner and the system can side-
step complexity inherent to the correct filtering of collisions or avoiding accidental

occlusion of buttons either by other buttons or other scene based colliders.

Based at least in part on the ray-cast, the system can determine that a particular button has
been ‘hit’. In some cases, in response to this determination, the system can ewmploy a

secondary collider based test. This test can fire the same cursor ray at the button position.
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However, this time the system tests for colliders possessing a "UT collision layer. In some
cases, this offers a mechanism that allows a given EclipsePanel to be configured with a solid
‘back-plane.” In other words, it can prevent cursor-ray casts from passing through gaps in the
panel to hit interactables that may be behind it. One example 1s a keyboard which sits in front
of active search results. It can be undesirable for those resulis to be interactive through the
keyboard. Instead, i muay be desirable for the results to be interactive only when adjacent to

the keyboard.

Collision Implementation;

Collision can be registered against one interactable per frame {e.g., the first frame to be hit),
However, the system can continue to test against others in order to update their proximity

glow states.

Some interactables can be given priority testing. For example, each frame that included a
hovered interactable from the previous update can be given priority in testing that frame

against that same interactable. This can help ensure a stable collision response.

In some cases, if the frame doesn’t hit, then the system will test again at the position it would
have occupied had it not been hovered. This 15 a roeasure to address a case of hysteresis that
can otherwise occur if a button steps forward in response to being hovered. In that case, the
cursor position may remain unchanged leading to the next cursor ray missing the button,

causing it to step back again and loop.

The user may be able to modify a collision size scalar for an actively hovered button. This,
for example, can be useful for small buttons to make it harder to accidentally overshoot them
or move away from them while attempting to use a trackpad press in order to click the
button. For example, the size of the button can be shightly increased while hovered, and can
return to 1 tol scale when de-hovered. Once an interactive element is hovered by the cursor,

further interactions (e.g. button press) can be handled by specific classes. This can occur via
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the standard Eclipse Event mechanism via OnHover/DeHover, OnClick, OnChickStart/End

style events,

. Cursor Rendering
Another aspect of cursor handling can be cursor rendering. In most cases, only one cursor is

vistble {e.g., the one from the Input Focus panel). This cursor can be shown via the Eclipse

render pass,

Whether the cursor's position i1s shown in the form of an Eclipse 'back-glow, a more
conventional positional dot, or the hike, 1s based at least in part on various factors. For
example, the factors can include: whether an Eclipse element is currently being hovered; if
not, whether the ‘dot’ cursor is allowed to be visible for the active panel. In some cases, the

cursor can be entirely hidden.

IV. RELATIVE CURSOR UPDATE IMPLEMENTATION
For any cursor mode, the system has a settings structure (in some cases, that is configurable

per panel} that allows a user or the system to customize behavior. For example, for the

Relative Cursor, the settings structure can include, but is not limited to:

» MotionScalar
o This allows for control of a speed of the cursor. For example, it can allow for

control of a size of movement steps that are based upon touch-pad input,

e {hoose X or Y input/ Orthogonalize Swipe
o These options can allow for biasing 1nput handling to favor one axis over

another, or to prefer cardinal motion directions. For example, an option can
allow a choice between the larger of the X or Y components of the current
touch-input. A bias factor can add additional control.

o Orthogonalize Swipes can mean that when input in a certain axis exceeds a
threshold, the motion can be zero in the other axis. This can be useful, for

example, for a keyboard where there are many buttons positioned in a grid the
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system knows that the user’s intention will often be fo cleanly move the cursor

along a row of adjacent letters.

Gravity Well Support

o

When the user releases the touch-pad, these options allow the cursor to slide
{e.g., as if pulled by gravity) to a position within the nearest button. In some
cases, this shding of the cursor can always happen, never happen, or happen
only if the nearest button is within a certain distance folerance. The settings
can include whether the cursor will move to the nearest position on the nearest
button, or to a position that aligns with eithev/both of the button's X and Y
axes {e.g. if there 15 a row of long, adjacent buttons, it may be desirable to
snap to a central Y or perhaps to a central X for a vertical stack of smaller
circular buttons). The settings can also include whether use of gravity wells is
wanted that are just within a host panel, or whether elements present on other

‘in focus' panels can be considered too.

Edge Pushes

o

Using touchpad controls, a user can switch input focus from one panel to
another. When the cursor hits the edge bounds of the panel, the system can
send an event {o the user, which the user can use to initiate a panel transition
in accordance with the push direction. In some cases, the system may choose
Spring Loaded edges, which can cause visual feedback {e.g., motion of the
host panel) to help convey that the edge push s occurring. In this case, if'a
certain push extent isn't exceeded then the panel can spring back to its original
position with no edge-push event having been sent. In some cases, the settings
mchude a timed option {e.g., a push against an edge for a certain fime), and a
double-tap option {e.g., a bump against an edge, release input and then swipe

again against the same edge).

Inertia Controls
o  Whenever the user is providing touch-pad input and cursor motion 1s being

determined or rendered, the system can also associate movement of the cursor
which can mimic a degree of 'mertia’. For example, this movement can be
applied from the moment that active input ceases. It can cause the cursor to

continue along its motion path until a dampening force reduces the “inertia”
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back to zero. Controls can linut how much inertia can build up, as well as
allowing for inertia boosts to be applied in the event of the user releasing the
touchpad at the end of a fast 'swipe' action {e.g., corresponding to a
configurable threshold). fnertia Boost is intended to support fast swipes
through long itemized lists {¢.g. to allow one mega-swipe to carry the cursor
from top-to-bottom, if the user chooses).

¢ Scrolling Support
o Where a panel has content that exceeds its available screen real-estate it may

scrofl. The Relative Cursor can have built-in push-scroll support.
Configurable parameters can control a distance from the panel edge at which

push-scroll motion steps will be apphied.

Based on how the Relative Cursor is configured (e.g., via the configurable settings), the

relative cursor update can inchide, one or more of the following steps:

e {heck for touchpad swipe)
o For example, check if fast finger motion across the touch-pad that has just
ended.
o Potentially apply inertia boost.
e (Check for regular touch input
o Apply motion to the cursor position
o Build up directional inestia.
¢ }f No touch-pad input
o Apply inertia based motion to cursor position
o Iftouch-pad input just ended, then lookup the closest Gravity Well
o Perform potential Gravity Well processing to apply cursor motion.
& NOTE: This can be layered on top of inertia so that the two can
operate together. For example, gravity snapping can begin once inertia
has sufficiently subsided.

¢ Handle push-scrolling for scrolling panel types
o Clip cursor position against push-scroll bounds, apply ‘overflow” to scroll

offset

e {lip the cursor position fo our panel’s bounds.
o This can be implemented in a way that ensures the cursor can cleanly slide
around any curved corners,
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¢ Check for edge pushes
o Track time-based/double-tap/spring-loaded edge pushes or send an event to

USsCer.

» Decay inertia

V. INPUT LANGUAGE

o EclipseUl
EclipseUT 15 a set of Unity classes to support rendering of buttons and cursors.
EclipsePanel
EclipsePanel is a class within EclipseUIL A panel supports per-panel cursor render and
settings. CursorRelativelnput (and other optional cursor type classes) are allocated and
updated by an EclipsePanel instance. The panel has a concept of Focus ' (their buttons can
be clicked) and ‘Tnput Focus® (their cursor 1s refreshed and will render as the active system
cursor). The panel has ‘Focus’ can be set when headpose targets it. There can be multiple

"Focus' panels but only one with Tnput Focus'.

CursorRelativelnput
CursorRelativeloput class is noplemented by [Cursor interface. This cursor has inertia,

button snapping and edge push features.

s Totem
TouchPad
A touch pad 18 a circle surface {device) for pointing (controlling input positioning) on totem

A, GripTotem
GripTotem is a class which reads raw data from a senial port.
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VI. ECLIPSEPANEL

A, {Parameter]

// Notes:

/1 Area can be set based on Dimensions and Rounding values (See “Clip the Cursor Position
to a Panel™).

// Each mstance of EclipsePancl may have different EchipseRelativeCursorSettings settings.
/! EclipsePanel limits the cursor’s position to the defined panel area

Vector2 Dimensions;

{Range(0.01, 1.06}]

{ Tooltip("Rounding value for panel. § = round, 1 = square"}]

public float rounding;

public EclipseRelativeCursorSettings relativeCursorSetiings;

bool EclipsePanelShowCursor

private ICursor cursor; // Cursor behavior active while panel HasFocus'

private Transform cursorTransform; // Transform supplying a cursor position,

public bool hasFocus;

public bool haslnputFocus;

B. {Function]

/! RetfreshCursor is called from LateUpdate of a panel that has input focus.

public void RefreshCursor(bool ignoreLimits = false)

t

cursor. Refresh{cursorTransform, ignoreLiruits);

(S

Vil ICURSOR

/1 ICursor
/1 RefreshCursor 1s called from LateUpdate of a panel that has input focus.
/1 All cursor update can be performed in the local space of the host panel.

public interface 1Cursor

{
1

Vector? LocalPosition { get; set; }
void Reset();
void Set{Vector? pos);
void Refresh({Transform cursorTransform, bool ignoreLimits);

N
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VL RELATIVE CURSOR

A, iSerializable Class]

I Systern. Serializable]

EclipseRelativeCursorSettings

public class EchipseRelativeCursorSettings

{

[ Tooltip("Scalar for global cursor motion rate™)]

public Vector2 motionScalar = Vector2.one;

[ Tooltip("Should cursor trat buttons as gravity wells?"}]

public EclipseGravityWellSupport gravityWellSupport;

[ Tooltip("Should we always center on buttons when gravity wel snapping?™)]
public bool centerOnGravityWells = false;

[ Tooltip("Should only we consider gravity wells within the host panel?"}]

public bool hostGravityWellsOnly = false;

[ Tooltip{"Detect relative cursor 'push’ action at edge of bounds?")]
public bool detectBEdgePush = true;

{ Tooltip{"Support cursor snap?")]

public bool supportCursorSnap = false;

{ Tooltip("Orthogonalize swipes for cursor snap?"}]

public bool orthogonalizeSwipes = frue;

{Tooltip{"Scope cursor snap to host panel?"}]

public bool scopeSnappingToHostPanel = true;

{ Tooltip{"Minimum swipe velocity to trigger cursor snap”}]
public float cursorSnapSwipeVelocity = 2.0f;
{Tooltip{"Maximum duration of swipe to trigger cursor snap”)]
public float cursorSnapSwipeMaxDuration = 0.35f;

H
B. {Parameter]
private EclipsePanel parentPanel; /! Panel that owns this ‘cursor’.

private Vector? targetPosition; //

private Vector? position;

private Vector2 inertia;

private Vector2 edgePushTimers;

private EclipseEdgeMask edgePushFlags;
private EclipseHdgeMask edgePushLatched;
private float blendToTargetTimer;

private EclipseRelativeCursorSettings settings;
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. {Function]

/1 cursorTransformy is the transform of an object which belong to the host panel and
represents the cursor position in world-space. It can be updated here.

// Cursor has mertia
public void Refresh(Transform cursorTransform, bool ignovel.imifs)

{

/1 1f the system detects swipe gesture, cursor will try to find EclipseButtons and snap to
button’s position
// Handle Snap button here
telsed
/ While the user keeps their finger on the touchpad, the system builds up an inertia vector.
When the user releases the touch, the mertia will be applied to the targetPosition
if {EclipseUlL instance.CheckForlnput(InputState. Touch)) {
Vector? ms = settings. motionScalar;
Vector? diff = Vector2. Scale{EclipseUL TrackpadDelta,
Vector2. Scale(BEclipseSettings. Cursor.misc.relativeCursorSensttivity, ms)) *
Time.deltaTime;
float iIMag = diff sgrMagnitude > inertia.sgrMagnitude ? diff magnitude:
inertia.magnitude;
mertia += diff * EclipseSettings. Cursor.misc.relativeCursorlnertiaFrac;
inertia = inertia.normalized * iMag;
targetPosition += dift]
allowEdgePush = true;
§else {
targetPosition += inertia;
edgePushlatched = edgePushFlags;
edgePushTimers = Vector2.zero;
b
¥
/{ Handle Gravity well here
/1 Chip the position to the given panel dirnensions
Vector? unbounded = targetPosition;
targetPosition = parentPanel. ClipPointToCursorBOunds (targetPosition);
// Handle Hdge Push
/f This can be a time independent dampening function that decelerates towards the given
target position over a specified time.
position = Util. ExpStep(position, targetPosition, targetBlendRate);
cursor Transform.position = parentPanel. transform. TransformPoint(position);
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// nertia falls off over the specified dampening period. ..

inertia.x = Util. BExpStep(inertia.x, 0.0f,

EclipseSettings. Cursor.misc.relativeCursorinertiaDampening. x };
inertia.y = Util. ExpStep(inertia.y, 0.0f

EclipseSettings. Cursor.misc.relativeCursorinertiaDampening.v);

// Handle Gravity well here

if (EclipseULnstance.CheckForInput{(InputState. Touch)) {

// We have touch input that will move the cursor. In some cases, any inertia or gravity well
processing can cedase immediately

HgravityWell = null;

checkForGravityWell = true; // Next time there's no input

Vector? ms = settings.motionScalar;

if (parentPancl.invertHorizontal CursorHandling) {

78X = ~MMS.X]

}
Vector? delta = EclipseUL TrackpadDelta;
if{!settings. IsMovingXandY }{
float deltaldiff = Mathf Abs{delta.v) - Mathf. Abs{delta.x};
if{deltaDiff > settings. XBias}{
delta.x = §;
telsef
delta.y =0;
}

$

Vector2 diff = Vector2.Scale{delta,
Vector2. Scale(EchipseSettings. Cursor.misc.relativeCursorSensitivity, ms)) *
Time.deltaTime;

/7 Build up an inertia vector while we have touch input...

float iMag = diff.sgrMagnitude > mertia.sgrMagnitude ? diff magnitude:
mertia.magnitude;

inertia += diff * EclipseSettings.Cursor.misc.relativeCursorinertialrac;
inertia = inertia.normalized * iMag;

targetPosition += diff}

allowEdgePush = true;

}else {

// No input but inertia will potentially keep the cursor in motion.

float inertiaSteplen = Matht Min(inertia.magnitude, settings. maxInertiaStep};
/W Debug. Log("Inertia Step: " + inertiaSteplen);
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bool refreshGravityWell = gravityWell = null;

if {{settings.gravityWellSupport 1= EclipseGravityWellSupport.None) &&
checkForGravityWell &&

{(settings. gravityWellSupport == HehipseGravityWellSupport. Always) ||
{inertiaStepLen < EclipseSettings. Cursor.misc. gravityWelllnertiaThreshold))) {
/7 Choose a gravity well target (if available) and start blend to it
CheckForGravityWell(};

checkForGravityWell = refreshGravityWell = false;

3

if (refreshGravityWell) {

/' Gravity well position may shift as inertia carries cursor forward.

/' We can ensure that the position doesn't exceed button bounds

if {gravityWell. Distance ToButton > 0.0) {

gravityWell. Refresh(};

gravityWell. Force AsHit{settings.centerOnGravityWells);

¢

}

targetPosition += mnertia.normalized * inertiaStepLen;

/! Blend from inertial motion to exact gravity well position

float = 1.0f- (blendToTargetTimer / EchipseSettings. Cursor.misc. gravityWellBlendTime);
targetPosition = Vector2. Lerp{targetPosition,

(Vector2 pt.InverseTranstormPoint{gravityWell. ResultPoint), ;

¢

edgePushlatched = edgePushFlags;

edgePushTimers = Vector2.zero;

i

X, CLIP THE CURSOR POSITION TO A PANEL
//Refresh function. Rounding settings for the panel mean the input arca may be round, a

capsule, or a rectangle with some degree of comer rounding.

public Vector2 ClipPointToCursorBounds{Vector? pt)
{
if {customCursorBounds) {
if { TotemInput.anstance. CurrentDeviceType == typeof{ KeyboardMouseTotem) )

{
i

pt ~= cursorBoundsOffset;

}
return Util. ClipPointToShape{cursorBoundsDimensions, rounding, pt);
L elge {
3
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return Util. ChipPointToShape(FrameDimensions, rounding, pt);
}
h
/1 Chip point to be within a rounded shape sized by input dimensions and with corner
rounding controlied by a 0->1 value where 0 = round, 1 = square.
public static Vector2 ClipPomntToShape(Vector? shapeDims, float shapeRounding, Vector?
»)

{
float hd, r:
VectorZ 10;
Vector2 I
if (shapeDims.x > shapeDims.y) {
= shapeDims.y * 0.51;
hd = Mathf Max(0.0{, (shapeDims X - shapeDims.y} * 0.51);
10 = new Vector2{-hd, 0.0f};
11 = new Vector2{hd, 0.0%);
} else {
r = shapeDims.x * (.51}
hd = Matht. Max(0.0f, (shapelims.y - shapeDims.x) * (.5{);
10 = new Vector2(0.01, -hd);
1 = new Vector2(0.0f, hd);
}
Vector3 d = DistanceToLinePoint(10, 11, p, shapeRounding);
floatlim=r*¥dz;
if (d.x > lim) {
Vector2 Ip =10+ ((11 - 10) * d.y);
return Ip + ({p - Ip).normalized * hm);
}
return p;
3
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WHAT IS CLAIMED 15:

i. A wearable display system comprising:
a display configured to be positioned in front of an eye of a user, the display
configured to project virtual content toward the eve of the user;
a user input device configured to receive user input data associated with
movement of a virtual cursor; and
a hardware processor in communication with the display and the user input
device, the hardware processor programmed to:
identify a location of the virtual cursor in an environment of the user;
determine a spatial relationship between the virtual cursor and an
object in the environment of the user; and
direct the display to render a focus indicator associated with the object
based at least partly on the spatial relationship,

2. The wearable display system of claim 1, wherein the user input device
comprises one or more of: a handheld totem comprising a touch sensitive surface, an
outward-facing imaging system configured to detect 3 user gesture, an mward-facing imaging
system configured to detect an eve pose of the user, or an inertial measurement umit
configured to detect a head pose of the user.

3. The wearable display system of claim 1, wherein to determine the spatial
relationship between the virtual cursor and the object, the hardware processor is programmed
to:

determine a distance between the location of the virtual cursor and a portion
of the object; or

determine a relative orientation between the virtual cursor and the object; and

direct the display to render the focus indicator based at least partly on the
determained distance or the determined orientation.

4, The wearable display system of claim 1, wherein the focus indicator
comprises one or more of' a glow or a halo at least partially surrounding the object, a size or
depth change of the object, or graphical highlighting.

5. The wearable display system of claim 1, wherein to direct the display to

render a focus indicator, the hardware processor is programmed to;

-96.-
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perform a first render pass to render a cursor glow to a first butter, a location
of the cursor glow based at least partly on the location of the virtual cursor;

perform a second render pass to render a shape mask representation of the
object to a second buffer;

perform a third render pass to render a glow mask associated with the object
to a third buffer; and

perform a fourth render pass configured to combine at least the first buffer, the
second butfer, and the third buffer for presentation to the user.

6. The wearable display system of claim §, wherein to perform the fourth render
pass, the hardware processor 1§ programmed to combine at least the first buffer, the second
butter, and the third buffer with a fourth buffer comprising virtual scene content,

7. The wearable display system of claim 1, wherein the hardware processor is
further programmed to:

determine a distance between the location of the virtal cursor and the object;
and

update the location of the virtual cursor to be a location representative of the
object if the distance s below a threshold distance.

8. The wearable display system of claim 1, wherein the hardware processor is
programmed to:

determine an orientation between the location of the virtual cursor and the
object; and

direct the display to render the focus indicator preferentially toward the
ortentation of the virtual cursor.

9. The wearable display system of claim 1, wherein the hardware processor is
programmed to:

update a location of the virtual cursor based at least partly on an carlier motion
path of the virtual cursor,

10.  The wearable display system of claim 9, wherein the hardware processor is
programmed to update the location of the virtual corsor based at least partly on the earhier

motion path in response o a cessation of user input from the user input device.
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11.  The wearable display systern of claim 1, wherein the hardware processor is
programmed to:
determine a distance between the location of the virtual cursor and a portion
of the object; and
in response to determining the distance is less than a threshold:
render the object n front of the virtual cursor; or
cease rendering the virtual cursor.
12, A method of rendering a cursor relative to an object in a mixed reality
environment, the method comprising:
under control of a mixed reality display device comprising a display and a
hardware processor:
determining a location of the cursor in the mixed reality environment;
determining a location associated with the object;
determining whether an overlap occurs between the object and the cursor;
in response to determining that the overlap does not occur,
rendering the cursor; and
in response o determining that the overlap does oceur,
rendening the object in front of the cursor, or
ceasing rendering of the cursor.

13, The method of clamm 12, wherein determining whether an overlap occurs
between the object and the cursor comprises determining whether a distance between the
location of the cursor and the location of the object 1s below a distance threshold.

14.  The method of claim 12, wherein in response to determining that the overlap
does occur, the method further comprises rendering a focus indicator associated with the
object.

15. The method of claim 14, wherein the focus indicator comprises one or more
of: a glow or a halo at least partially surrounding the object, a size or depth change of the
object, or graphical highlighting.

16, The method of claim 12, further comprising:

determining a spatial relationship between the cursor and the object; and
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rendering a focus indicator associated with the object based at least partly on
the spatial relationship.
17. An augmented reality display system comprising
a user nput device configured to receive user input related to a position of a
cursor in an environment of the user;
a display through which a user can perceive virtual objects in the environment
of the user;
a hardware processor in conununication with the user input device and the
display, the hardware processor programmed to:
cause a virtual object to be rendered via the display;
track, based at least in part on the user input, a position of the carsor in
the environment;
identify a position of the virtual object;
determine whether a first distance between the virtual object and the
position of the cursor satisfies a distance threshold;
in response to a determination that the first distance satisfies the
distance threshold, cause a focus indicator proximate the object o be rendered
via the display.
18.  An augmented reality display system comprising:
a user input device configured to recetve user oput related to a position of a
cursor in an environment of the user;
a display through which a user can perceive virtual objects in the environment
of the user;
a hardware processor in communication with the user input device and the
display, the hardware processor programmed to:
cause a plurality of virtual objects to be rendered via the display;
track a position of the cursor in a field of view of the display;
identify positions of the plurality of virtual objects;
compare the position of the cursor and the positions of the plarality of

virtual objects to determine a closest object to the position of the cursor;
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cause a focus indicator o be rendered proximate the closest object via
the display.
19. A method of rendering a graphical user interface for a mixed reality display
device, the method comprising:
under control of a mixed reality display device comprising a display and a
hardware processor:
determining a location of a cursor in a field of view of the display;
rendering a focus indicator associated with an object in the field of view of the
display;
tracking a movement of the cursor relative to the object; and
adjusting the rendering of the focus indicator based at least partly on the
movement of the cursor relative to the object.
20. A wearable display system comprising:
a display configured to be positioned in front of an eye of a user, the display
configured to project virtual content toward an eye of the user;
a user input device configured to receive user input data associated with
movement of a virtual cursor in a virtual environment; and
a hardware processor in communication with the display and the user input
device, the hardware processor programmed to:
direct the display to render a virtual icon at a first depth in a virtual
environment;
direct the display to render a virtual cursor at a second depth in the
virfual environment:
track movement of the virtual cursor in the virtual environument;
determine whether an overlap occurs between the virtual cursor and
the virtgal icon; and
in response to the determination of the overlap, direct the display to
render the virtual icon at a third depth closer to the user than the first depth or
the second depth.

21, A wearable display system comprising:
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a display configured to be positioned in front of an eye of a user, the display
configured to project virtual content toward an eye of the user;
a user input device configured to receive user input data associated with
movement of a virtual cursor tn a virtual environment; and
a hardware processor in communication with the display and the user input
device, the hardware processor programmed to:
direct the display to render a virtual layout of a phurality of virtual
icons, wherein af least some of the phurality of virtual icons in the virtual
layout are rendered at a first depth in the virtual environment;
receive a user indication to scroll the virtual layout; and
in response to receipt of the user indication to scroll the virtual layout,
direct the display to:
render a virtual content panel that comprises a representation of
virtual icons that were not rendered prior to the scroll, the virtual

content panel rendered at a second depth in the virtual environment,
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