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LIGHT-EMITTING USER INPUT DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS
{6001} This application claims the benefit of priority under 35 US.C. § 11%e) to
U.S. Provisional Application No. 62/490,863, filed on April 27, 2017, entitled “LIGHT-
EMITTING USER INPUT DEVICE,” the disclosure of which is hereby incorporated by

reference herein in its entirety.

FIELD
{6602} The present disclosure relates to virtnal reality and angmented reality
imaging and visualization systems and more particalarly to a light emitting user mput device

associated with the imaging and visnalization systems.

BACKGROUND
{B8083] Modern computing and display technologies have facilitated the

noe,

development of systems for so called "virtual reality” "augmented reality” or “mixed reality”
experiences, wherein digitally reproduced wmages or portions thereof are presented to a user
in 3 manner wherein they seem to be, or may be perceived as, real, A virtual realify, or "VR",
scenario typically involves presentation of digital or virtual image mformation without
transparency to other actual real-world visual input; an augmented reality, or "AR", scenario
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 in 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 comnfortable,
natural-feeling, rich presentation of virtual image clements amongst other virfual or real-
world tmagery clements i1s challenging. Systems and methods disclosed herein address

varigus challenges related to VR, AR and MR technology.
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SUMMARY

[6004] Examples of a hght-emutting user input device are disclosed.
Embodiments of the user input device can be used to provide mput to an AR, VR, or MR
device. The light-emitting user input device can also provide visual information of events or
objects associated with the AR/VR/MR device to the user or people in the wuser’s
environment.

{6005] The light emitting user input device can include a touch sensitive portion
configured to accept a user input {e.g., from a user’s thumb) and a light emitting portion
configured to output a light pattern. The hight pattern can be used to assist the user mn
interacting with the user input device. Examples include emulating a multi-degree-of-
freedom controller, indicating scrolling or swiping actions, indicating presence of objects
nearby the device, indicating receipt of notifications, assisting calibrating the user input
device, or assisting pairing the user input device with another device. The light emitting user
input device can be used to provide user mput to a head mounted display system such as, e.g.,
a mixed reality display device.

18006] 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.
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

[6607] FIG. 1 depicts an illustration of a mixed reality scenario with certain
virtual reality objects, and certain physical objects viewed by a person.

[6608] FIG. 2 schematically illustrates an example of a wearable system.

{6009 FIG. 3 schematically illustrates aspects of an approach for simulating
three-dimensional imagery using multiple depth planes.

{60147 FIG. 4 schematically illustrates an example of a waveguide stack for
outputting image wformation to a user.

8011} FIG. 5 shows example exit beams that may be outputted by a waveguide.
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{6612} FIG. 6 1s a schematic diagram showing an optical system including a
waveguide apparatus, an optical coupler subsystem to optically couple hight to or from the
waveguide apparatus, and a control subsystem, used in the generation of a multi-focal
volumetric display, image, or light field.

{B8313] FIG. 7 is a block diagram of an example of a wearable system.

{8014] FIG. 8 is a process flow diagram of an example of a method of rendering
virtual content in relation to recognized objects,

[6815] FIG. 9 1s a block diagram of another example of a wearable system.

{6016} FIG. 10 is a process flow diagram of an example of a method for
defermining user input to a wearable system.

{8017) FIG. 11 is a process flow diagram of an example of a method for
interacting with a virtual user interface.

{6618] FIG. 12A illustrates side and front (user-facing) views of an example of a
totem.

[6019] FIG. 128 illustrates a top view of another example of a totem.

{6020} FIG. 13A illustrates a cross-sectional view of an example touchpad of a
totem.

8021}) FIG. 13B illustrates examples of touch screen technologies.

{6022] FIGS. 13C and 13D illustrate additional cross-sectional views of the
example touchpad of a totem.

[6023] FIG. 13E illusirates a bottom view of the example fouchpad.

[8024] FIG. 14A illustrates a top view of an example touchpad of a totem.

[6025] FIG. 14B lusirates an overview of an example layout of LEDs associated
with the fouchpad.

{8026} FIG. 15 illustrates example LED layouts or patterns of light from an LED
layout.

{66271 FIGS. 16A and 16B illustrate example placement or movement patterns of
light emissions of a totem.

{86028} FIG. 17A is a block diagram that illustrates example components of a

totem.
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[60629] FIG. 17B 1s a side cross-section view illustrating components of another
example totem.

{8030} FIGS. 18A — 18D illustrate an cxample programming interface for
contfiguring placement or movement patterns for light emissions from a halo of a totem.

{6031} FIGS. 19A — 19C illustrate examples of totem calibration using a halo of
light emissions from the totem.

{80321 FIGS. 19D and 19E illustrate an example of totem calibration using light
patterns associated with a halo.

[6633] FIGS. 20A and 20B illustrate examples of indicating a wireless pairing
process between a mixed reality device and a totermn with a halo.

{8034} FIG. 20C illustrates an example process of device pairing with a halo.

{B035] FIG. 20D illustrates another example process of device patring with a halo.

[6036] FIG. 21A illustrates an example of indicating the status of the tofem,

{80371 FIG. 21B illustrates an example of light placement or movement patterns
during a power on and off process.

{6038} FIG. 21C illustrates an example of light placement or movement patterns
which show a battery charging status,.

{6839) FIG. 21D illustrates an example light pattern when the totem has entered
into a sleep mode.

{6040] FIG. 21E illustrates an example process of indicating a status of a totem
based on light placement or movement patterns.

{8041} FIGS. 22A and 22B illustrate example light placement or movement
patterns that are used as cues for user interactions.

{6042} FIG. 22C illustrates another example of using a hight pattern to provide an
indication of an available user interface operation.

{8043] FIG. 23 ilustrates an example of using a light pattern as an alert to
indicate an mcorrect or improper user interaction.

{6044} FIG. 24 A illustrates an example light pattern for a swipe gesture.

[8045] FIG. 248 illustrates an example light pattern for a touch gesture.
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{6046} FIG. 24C illustrates an example process of providing a cue for user
inferactions on a totem.

18047) FIG. 25A illustrates an example interactive use of the light guide.

{6048] FIG. 258 illustrates an example interactive use of a totem with two
interactable regions.

[8049] FIG. 25C illustrates an example process for interacting with a totem.

[8056] FIGS. 26A and 268 illustrate examples of interacting with physical objects
using a totem,

[6051] FIG. 27 illusirates an example of moving a virtual object with a six
degrees-of-freedom {(6DOF) totem.

{B6052] FIGS. 28A and 28B illustrate examples of providing information of
objects via placement and movement of light patterns,

[6053] FIG. 28C illustrates an example process for providing information
associated with an object using light patterns.

[8054] FIG. 29A illustrates example light placement or movement patierns
indicating the receipt of a notification.

{8035} FIG. 298 illustrates an example process for providing a notification using
light patterns on a toten.

{B8036] FIG. 30 illustrates an example light pattern that can be used to inform a
person in the user’s environment of the user’s corrent interaction.

[6057] Throughout the drawings, reference numbers may be re-used fo indicate
correspondence between referenced elements. The drawings are provided to illusirate
example embodiments described herein and are not intended to limit the scope of the

disclosure,

DETAILED DESCRIPTION

Overview of a Light-Emitting User Input Device

{8058] A touch sensitive user input device can support user inputs such as
swiping, tapping, clicking, pressing, etc. For example, when a user uses a touchpad to browse

a website, the user can use one finger {e.g., the thumb} to swipe left and right to move the
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webpage left and right or tap up and down to move the webpage up and down. In order to
achieve more user interface functionalities, such as, e.g., snapping content to a desired
location, scrolling, or resizing the content, the touch sensitive user input device often requires
multiple figures. For example, the user may use fwo fingers to enlarge the webpage and use
one finger to move within the webpage. When the touchpad 1s part of a handheld user input
device for a wearable device {(which may include AR/VR/MR wearable display), however,
the user may not have as many fingers available to interact with the touchpad. For example,
the user may use the thumb to interact with the touchpad while use other fingers to hold the
totem. As a result, the types of user interface functionalities that can be achieved by the
touchpad of conventional handheld devices may significantly decrease,

[6059] To ameliorate this problem, the touchpad of embodiments of the totem
described herein can be divided into multiple interactable regions where each region may be
mapped to one or more types of user interface interactions. For example, the touchpad may
include a touch surface which is near the center of the touchpad and an outer region at least
partially surrounding the touch surface. The outer region may include a light guide configured
to output light patierns (e.g., the placement, lumination, color and/or movement of the hight)
that assist the user in interacting with the totem. The hight patterns outputied by the hight
guide may sometimes be referred to herein as a “halo,” because the light patterns may appear
to surround a central, touch-sensitive portion of the totem. The light guide may be on top of a
touch sensor such that the user can interact with the light guide and provide touch sensitive
input to the totem via the light guide region. When the user actuates the touch surface, the
totem may sumulate cursor actions (such as, e.g., moving forward and back on a browser).
However, if a user wants to perform other types user interface operations (such as, e.g.,
scrolling a webpage), the user may actuate the light guide. In some examples, the light gude
may not be touch-sensitive. The user can actuate a region near the hight gude {e.g., a region
on the touch pad which may be surrounded by the light guide) to actuate the totem.

[6060] As another example, the touch surface can be divided into two interactable
regions with one region supporting the user’s touch actions {such as e.g., simulating the
functions of a multiple degree of freedom (DOF} directional d-pad) while another region

supporting the user’s swiping actions. The touch surface with two interactable regions may
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include concentric rings with one inner ring (as the first interactable region} and one outer
ring (as the second interactable region). In this example, the light guide surrounding the touch
surface may or may not be interactable but it can provide the visual feedback related to user’s
interactions or related to the wearable system. As will further be described herein, the fype of
user interactions supported by an interactable region may be changed dynamically based on
events in the virtual environment or objects that the user is interacting with. For example, the
outer region may be used as a d-pad when a user is browsing a web whereas the same region
may support a swipe interaction {e.g., a circulate swipe) when a user is playing a virtual
game.

{6861] In some embodiments, the light guide of the totem can provide cues for
user interactions. For example, the halo can be used to inform a user a type and a location of
an available user interaction or to indicate current user interactions. As an example, a hight
emitting diode (LED} underneath the light guide may light up to indicate to the user that the
user can touch or tap the portion of the touch surface where the LED lights up to select a
virtual element on a wearable display. The LED may also be used in connection with haptic
feedback {(e.g., provided by a haptic actuator in the totem) or audio feedback (e.g., provided
by a speaker of a wearable device) to provide indications of user interactions or to guide user
inferactions.

[6062] When the totem is used with a wearable device, the user interface
experience can be extended to the 3D environment surrounding the user. However, the user’s
field of view (FOV) perceived through the wearable display may be smaller than the natural
FOV of the human eye or smaller than the entire environment surrounding the user. Thus,
there raay be physical or virtual objects in the user’s environment that are initially outside the
FOV of the augmented reality display but which may subsequently move into the FOV of the
wearable display (e.g., objects that can move relative to the user) or may subsequently
become perceivable if the user’s body, head, or eye pose changes (which will change the
user’s FOV). For example, in the context of a game, the user may be trying to tind an avatar
of a robot. If the robot is just outside the current FOV of the user, the user may receive no
cues from the wearable display that the robot is nearby. If the user moves his or her head

shightly, the robot may suddenly enter the user’s FOV, which may be startling to the user.
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Further, if the user’s FOV through the wearable display is relatively small, it may be difficult
for the user to find the robot unless the user turns her head or gaze directly at the robot.

[6063] To mmprove the user mterface experience, the totem may provide
information about the objects outside of the user’s FOV. For example, the totem can provide,
on the outer region of the touchpad, a visual halo {c.g., emitted via the light guide) for a
corresponding object outside of the user’s current FOV. The light placement or the
movement pattern of the halo can be used to indicate information associated with the object,
for example, a brighter or larger halo may mdicate the object is closer to the FOV whereas a
diramer or smaller halo may indicate the object 1s farther from the FOV. Similarly, the color
of the halo may be used to indicate the type of the object. For example, a competitor avatar
{(in a virtual game) may be associated with a red halo while a teammate’s avatar (in the virtual
game) may be associated with a green halo. As another example, a flashing iridescent halo
may indicate a system notification or warning. The light patterns of the halo may change as
the object in the user’s environment changes or as the user changes the pose.

[6064] Additionally or aliernatively, the light patterns of the halo may be used
indicate the progress of a process. For example, while the totem is charging, the totem may
display a halo which corresponds to the percentage of the charge for the battery, For example,
when the battery is only 25% charged, the totem may display 1/4 of a halo (e.g., a 90 degree
arc). When the battery is charged to 100%, the totem may display the entire halo. The light
placement or movement patterns of the halo may also provide an indication of the user’s
interactions {0 a person in the user’s environment. For example, when the user is recording a
video using an augmented realty device, the LED halo may blink red to reinforce to others
nearby that the display is in the recording mode so that others nearby will not accidentally
interrupt or interfere with the user’s recording session.

[B8065] Embodiments of the totem described herein may be programmable. For
example, the placement or the movement light patterns may be customized by an application
developer or by a user, in various embodiments. The halo may be customized based on the
types of applications {(e.g., via an application programming interface {(API)) that the user s
interacting with, As an example, the hight guide of the touchpad may be mapped to a 4-way d-

pad {(which corresponds to up, down, left, and right user interface operations) when a user 15
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using a browser. As another example, the outer region of the touch surface may be mapped to
a 3-way d-pad when the user 18 pacing a racing game, where the 3-way d-pad may correspond
to left twrn, night turo, and brake. A user may also customize the hight placement or
movement patterns of the halo. For example, the user can turn off the halo or change the
color of the halo assoctated with recetving email notifications. The user can customize hight
patterns associated with the halo using the wearable display or by actuating the totem.
Detailed examples of the totem, the halo, and user interface interactions using the totem and
the wearable device are described below.

{6066] Although the example totems are described as being used together with a
wearable system (or any type of AR, MR, or VR device), the example totems and techniques
described herein can also be used with other systems, For example, the toterms may be used to
interact with a projector or a display {(e.g., a television or computer display), a gaming system,

an audio system, connectable devices in the Internet of Things ({oT), or another computing

device,

Exammles of 3D Display of 2 Wearable Svstem

[6067] A wearable systern (also referred to herein as an augmented reality (AR)
system} can be configured to present 2D or 3D virtual images to a user. The images may be
still images, frames of a video, or a video, in combination or the like. The wearable system
may comprise a wearable device that can present a VR, AR, or MR environment, alone or in
combination, for user interaction. The wearable device can include a wearable display device,
such as, e.g., a head-mounted display (HMDB). The wearable device can also include a
beltpack which may comprise a central processing unit to handle some of the data processing
for the wearable device, a battery, etc. In some situations, the wearable device can be used
interchangeably with an augmented reality device (ARD).

[6068] FIG. 1 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 or she "sees" a
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robot statue 130 standing upon the real-world platform 120, and a cartoon-like avatar
character 140 flying by which seemns to be a personification of a bumble bee, even though
these elements do not exist in the real world.

[8069] In order for the 3D display to produce a true sensation of depth, and more
specifically, a simulated sensation of surface depth, it is desirable for each point in the
display's visual field to generate the accommodative response corresponding to its virtual
depth. If 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 eye may experience an accommodation conflict, resulting in unstable imaging,
harmtul eye strain, headaches, and, in the absence of accommodation information, almost a
complete lack of surface depth.

[6076] VR, AR, and MR experiences can be provided by display systems having
displays in which images corresponding to a phlurality of depth planes are provided to a
viewer. The images may be different for each 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 accornmodation of the eye
required to bring into focus different image features for the scene located on different depth
plane and/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.

{6071] FIG. 2 illustrates an example of wearable system 200. The wearable
system 200 can include a display 220, and various mechanical and electronic modules and
systems o 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. A portion of the wearable system {such as the display 220)
may be worn on the head of the user.

6672} In FIG. 2, a speaker 240 is 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 car canal of the user to provide for sterco/shapeable sound

control). The wearable systemn 200 can also include an outward-facing imaging system 464

-10-
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{shown in FIG. 4) which observes the world in the environment around the user. The
wearable systemn 100 can also mclude an inward-facing 1maging systern 462 (shown in FIG.
4} which can track the eve movements of the user. The inward-facing imaging system may
track either one eye’s movements or both eyes’ movements. The inward-facing tmaging
system may be attached to the frame 230 and may be in electrical communication with the
processing modules 260 and/or 270, which may process image information acquired by the
inward-facing imaging system to determine, e.g., the pupil diameters and/or orientations of
the eyes or eye pose of the user 210.

{6073] As an example, the wearable system 200 can use the outward-facing
imaging system 464 and/or the inward-facing imaging systern 462 to acquire images of a pose
of the user. The pose may be used fo determine a user’s motion or synthesize an image of the
user. The images acquired by the outward-facing imaging system 464 and/or the inward-
facing imaging system 462 may be communicated to a second user in a telepresence session
to create a tangible sense of the user’s presence in the second user environment.

[6074] The display 220 can be operatively coupled 250, such as by a wired lead or
wircless connectivity, fo a local data processing module 260 which may be mounted in a
variety of configurations, 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).

{B8075] The local processing and data wodule 260 may comprise a hardware
processor, as well as digital memory, such as non-volatile memory (e.g., flash memory), both
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, ¢.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 and/or the outward-facing imaging system),
microphones, inertial measurement units (IMUs), accelerometers, compasses, global
positioning system {(GPS) units, radio devices, and/or gyroscopes; and/or b) acquired and/or
processed using remote processing module 270 and/or remote data repository 280, possibly
for passage to the display 220 after such processing or retrieval. The local processing and

data module 260 may be operatively coupled by commumcation links 262 and/or 264, such

-11-
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as via wired or wireless comnuumication links, to the remote processing module 270 and/or
remote data repostiory 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, The local processing & data
module 260, the remote processing module 270, and the remote data repository 280 may each
include a network interface to provide the communication over the communication links 262,
264,

{8076] In some embodiments, the remote processing module 270 may comprise
one or more processors configured to analyze and process data and/or image mformation. In
some embodiments, the remote data repository 280 may compnise a digital data storage
facility, which may be available through the internef 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.

1866771 The human visual systern is complicated and providing a realistic
perception of depth is challenging. Without being himited by theory, it 1s 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 each other to converge the lines of sight of the eyes 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 to the
sarne distance, under a relationship known as the “accommodation-vergence reflex.”
Likewise, a change in vergence will trigger a matching change in accommodation, 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.

[6078] FIG. 3 illustrates aspects of an approach for simulating three-dimeunsional
imagery using multiple depth planes. With reference to FIG. 3, objects at various distances

from eyes 302 and 304 on the z-axis are accommodated by the eves 302 and 304 so that those

-12-
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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. Cousequently, a particular
accommodated state may be said to be associated with a particular one of depth planes 306,
with has an associated focal distance, such that objects or parts of objects in a particular
depth plane are in focus when the eye 18 in the accommodated state for that depth plane. In
some cmbodiments, 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 ilfustration, it will be appreciated that the fields 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 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. Without being limited by theory, it 1s believed that
the human eye typically can interpret a finite number of depth planes to provide depth
perception. Consequently, a highly believable simulation of perceived depth may be achieved
by providing, to the eye, different presentations of an image corresponding to each of these

limited number of depth planes.

Waveguide Stack Assembly

18079) 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
eve/brain using a plurality of wavegmdes 432b, 434b, 436b, 43&b, 400b. In some
embodiments, the wearable system 400 may correspond to wearable systern 200 of FIG. 2,
with FIG. 4 schematically showing some paris of that wearable system 200 1n greater detail,
For example, in some embodiments, the waveguide assembly 480 may be integrated into the
display 220 of F1G. 2.

[6080G) With continued reference to FIG. 4, the waveguide assembly 480 may also
include a plurality of features 458, 456, 434, 452 between the waveguides. In some

embodiments, the features 438, 456, 454, 452 may be lenses. In other embodiments, the
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features 458, 456, 454, 452 may not be lenses. Rather, they may simply be spacers {e.g,,
cladding layers and/or structures for forming air gaps).

[6081] The waveguides 432b, 434b, 436b, 438b, 440b and/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 light 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. limage injection devices 420, 422, 424, 426, 428 may be
uttlized to mject image mformation into the waveguides 440b, 438b, 436b, 434b, 432b, each
of which may be configured to distnibute incoming 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 is injected into a corresponding input edge of the waveguides
440b, 438b, 436b, 434b, 432b. In some embodiments, a single beam of light (e.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.

[6082] In some embodiments, the image injection devices 420, 422, 424, 426, 428
are discrete displays that each produce image information for injection into a corresponding
waveguide 440b, 438b, 436b, 434b, 432b, respectively. In some other embodiments, the
image injection devices 420, 422, 424, 426, 428 are the output ends of a single multiplexed
display which may, e.g., pipe unage information via one or more optical conduits (such as
fiber optic cables) to each of the image injection devices 420, 422, 424, 426, 428.

{6083] 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 and/or 270 (llusirated in FIG. 2) in some

embodiments,
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[6084] The waveguides 440b, 438b, 436b, 434b, 432b may be configured to
propagate light within each respective waveguide by tofal internal reflection (TIR). The
waveguides 440b, 438b, 436b, 434b, 432b may cach be planar or have another shape {(e.g.,
curved}, with major top and bottom surfaces and edges extending between those major top
and bottom surfaces. In the iHustrated configuration, the waveguides 440b, 438b, 436b, 434b,
432b may each include light extracting optical elements 4403, 438a, 436a, 434a, 4323 that are
configured to extract light out of a waveguide by redirecting the light, propagating within
each respective waveguide, out of the waveguide to output image information fo the eye 410,
Extracted light may also be referred to as outcoupled hight, and light extracting optical
clements may also be referred to as outcoupling optical elements. An extracted beam of light
is outputied by the wavegumde af locations at which the light propagating in the waveguide
strikes a light redirecting clement. The light extracting optical elements (440a, 43&a, 43063,
434a, 432a) may, for cxample, be reflective and/or diffractive optical features. While
ithustrated disposed at the bottom major surfaces of the waveguides 440b, 438b, 436b, 434b,
432b for ease of description and drawing clanity, in some embodiments, the light extracting
optical elements 440a, 438a, 436a, 434a, 432a may be disposed at the top and/or bottom
major surfaces, and/or may be disposed directly in the volume of the waveguides 440b, 438b,
436b, 434b, 432b. In some embodiments, the light extracting optical elements 440a, 438a,
436a, 434a, 432a may be formed in a layer of material that is attached to a transparent
substrate to form the waveguides 440b, 438b, 436b, 434b, 432b. In some other embodiments,
the waveguides 440b, 438b, 436b, 434b, 432b may be a monolithic piece of material and the
light extracting optical elements 440a, 438a, 436a, 434a, 432a may be formed on a surface
and/or in the interior of that piece of material.

{6885] With contimued reference to FIG. 4, as discussed herein, each waveguide
440b, 438b, 436b, 434b, 432b 1s configured to output Light to form an image corresponding to
a particular depth plane. For example, the waveguide 432b nearest the eve may be configured
to debiver collimated light, as injected into such waveguide 432b, to the eye 410. The
collimated light may be representative of the optical infinity focal plane. The next waveguide
up 434b may be configured to send out collimated hight which passes through the first lens

452 {e.g., a negative lens) before it can reach the eye 410. Furst lens 452 may be configured to
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create a slight convex wavefront curvature so that the eve/brain interprets light coming from
that next waveguide up 434b as coming from a first focal plane closer inward toward the eye
410 from optical infinity. Similarly, the third up waveguide 436b passes iis output hight
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 is even
closer inward toward the person from optical infinity than was light from the next waveguide
up 434b.

{6086] The other waveguide layers (e.g., waveguides 438b, 440b) and lenses (e.g.,
lenses 456, 458) are similarly configured, with the highest waveguide 440b in the stack
sending its output through all of the lenses between it and the eye for an aggregate focal
power representative of the closest focal plane to the person. To compensate for the stack of
lenses 438, 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 available waveguide/lens pairings. Both the light extracting optical elements of the
waveguides and the focusing aspecis 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
features.

{6087] With continued reference to FIG. 4, the hight extracting optical elements
440a, 438a, 43063, 434a, 432a may be configared 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 waveguide. As a result, waveguides having
different associated depth planes may have different configurations of light extracting optical
clements, 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, 4383, 436a, 4343, 4322 may be volumetric or surface features, which may be

configured to ouiput light at specific angles. For exaruple, the light extracting optical
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elements 440a, 438a, 4363, 434a, 4323 may be volume holograms, surface holograms, and/or
diffraction gratings. Light extracting optical elements, such as diffraction gratings, are
described in ULS. Patent Publication No. 2015/0178939, published June 25, 2015, which is
incorporated by reference herein in its entirety.

{8088] In some embodiments, the light extracting optical elements 440a, 438a,
436a, 4343, 4322 are diffractive features that form a diffraction pattern, or “diffractive optical
element” (also referred to herein as a “DOE”). Preferably, the DOE’s have a relatively low
diffraction efficiency so that only a portion of the light of the bearm 1s deflected away toward
the eve 410 with each miersection of the DOE, while the rest continues to move through a
waveguide via total internal reflection. The light carrying the image mformation is thus
divided into a number 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 beam bouncing around within a waveguide,

[6689] In some embodiments, one or more DOEs may be switchable between
“on” states in which they actively diffract, and “off” states 1o which they do not significantly
diffract. For instance, a switchable DOE 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
light) or the microdroplet can be switched to an index that does not match that of the host
medium {in which case the pattern actively diffracts incident light).

{6694] In some embodiments, the number and distribution of depth planes and/or
depth of field may be varied dynamucally based on the pupil sizes and/or orientations of the
eyes of the viewer. Depth of ficld may change inversely with a viewer’s pupil size. As a
result, as the sizes of the puptls of the viewer’s eyes decrease, the depth of field increases
such that one plane 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 commeunsurate 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 decreased

puptl size. For example, a viewer may not be able to clearly perceive the details of both a first
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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 tirne to the user at another pupil size
without changing accommodation,

[8091] In some embodiments, the display system may vary the number of
waveguides receiving image information based upon determinations of pupil size and/or
origntation, or upon receiving electrical signals indicative of particular pupil sizes and/or
orientations. For example, if the user’s eves are unable to distinguish between two depth
planes associated with two waveguides, then the controller 460 may be configured or
programomed to cease providing tmage information to one of these waveguides.
Advantageously, this may reduce the processing burden on the system, thereby increasing the
responsiveness of the system. In embodiments in which the DOBEs for a waveguide are
switchable between on and off states, the DOEs may be switched to the off state when the
waveguide does receive image information.

[6092] In some embodiments, 1t 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 variability in size of the viewer’s
pupils. In some embodiments, 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 example, 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.

[6093] The wearable systern 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) and the imaging system 464 is sometimes
referred to as an FOV camera. The entire region avatlable for viewing or imaging 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 system 400. In some implementations of the wearable system
400, the FOR may include substantially all of the solid angle around a user of the display
system 400, because the user can move their head and eyes to look at objects surrounding the

user {in front, in back, above, below, or on the sides of the user). Images obtained from the
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outward-facing imaging system 464 can be used to track gestures made by the user {e.g., hand
or finger gestures), detect objects in the world 470 in front of the user, and so forth.

{8094} The wearable system 400 can also include an mward-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 to determine the size and/or orientation of the pupil of
the eye 304. The inward-facing imaging system 466 can be used to obtain images for use in
determining the direction the user is looking {e.g., eve pose) or for biometric identification of
the user (e.g., via iris wdentification). In some embodiments, at least one camera may be
uttlized for each eye, to separately determine the pupil size and/or eye pose of each eye
independently, thereby allowing the presentation of image information to each eye to be
dynamically tailored to that eye. In some other embodiments, the pupil diameter and/or
orientation of only a single eye 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 and/or
mood, which can be used by the wearable system 400 fo decide which andio or visual content
should be presented to the user. The wearable system 400 may also determine head pose (e.g.,
head position or head orentation) using sensors such as IMUs (e.g., accelerometers,
ZYroscopes, etc. ).

{6895] The wearable system 400 can include a user input device 466 by which the
user can input commands to the controlier 460 to interact with the wearable system 400. For
example, the user input device 466 can inchude a trackpad, a touchscreen, a joystick, a
multiple degree-of-freedom (DOF) controlier, a capacitive seusing device, a garae controller,
a kevboard, a mouse, a directional pad (D-pad), a wand, a haptic device, a totem, a
smartphone, a smartwatch, a tablet, and so forth, in combination or the like. A mulfi-DOF
controller can sense user input in some or all possible translations (e.g., lefi/right,
forward/backward, or up/down} or rotations {e.g., vaw, pitch, or roll) of the controller. The
user can interact with the user input device 466 or objects {e.g., virtual or physical objects} in
his or her environment by, e.g., by clicking on a mouse, tapping on a touch pad, swiping on a

touch screen, hovering over or touching a capacitive button, pressing a key on a keyboard or a
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game controller (e.g., a 5-way d-pad), pointing a joystick, wand, or totem toward the object,
pressing a button on a remote control, or other juteractions with a user input device. The
actuation of the user nput device 466 way cause the wearable system to perform a user
interface operation, such as, e.g., displaying a virtual user mterface menu associated with an
object, animating the user’s avatar in a game, etc. As described herein, the user input device
466 may be configured to emit light. The light patterns may represent information associated
with an object in the user’s environment, the user’s interaction with the user input device 466
or g wearable device, and so on.

{6096] In some cases, the user may use a finger {e.g., a thurab) to press or swipe
on a touch-sensitive nput device to provide input to the wearable system 400 (e.g., to provide
user input to a user inferface provided by the wearable systern 400). The user input device
466 may be held by the user’s hand durning the use of the wearable system 400. The user input
device 466 can be in wired or wireless communication with the wearable system 400. The
user input device 466 may comprise embodiments of the totem described herein. The totem
can include a touch surface which can allow a user to actuate the totem by swiping along a
trajectory or tapping, etc.

[6097] FIG. 5 shows an cxample of exit beams outpuited 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 light
520 ympinges on the DOE 432a, 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 eve 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 cutcouple light to form images that appear to be set on a depth plane at a large distance
{e.g., optical nfinity) from the eve 410. Other waveguides or other sets of light extracting

optical elements may output an exit beam pattern that is more divergent, which would require
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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 light from a distance closer to the eye 410 than optical infinity.

[8098] FIG. 6 is a schematic diagram showing an optical system including a
waveguide apparatus, an optical coupler subsystem to optically couple light to or from the
waveguide apparatus, and a control subsystem, used in the generation of a multi-focal
volumetric display, image, or light 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 light field. The optical system can include one or more primary planar
waveguides 632a {only one 1s shown in FIG. 6) and one or more DOEs 632b associated with
cach of at least some of the primary waveguides 632a. The planar waveguides 632b can be
stimilar 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 i view of FIG. 6}, and expand the light's effective exit pupil along
the first axis {e.g., Y-axis}). The distribution waveguide apparatus, may, for example include a
distribution planar waveguide 622b and at least one DOE 622a (illustrated by double dash-
dot Hne) associated with the distribution planar waveguide 622b. The distribution planar
waveguide 622b may be similar or identical in 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 and/or DOE 622a may be comprised of the same
materials as the primary planar waveguide 632b and/or DOE 632a, respectively.
Embodiments of the optical display system 600 shown in FIG. 6 can be integrated into the
wearable system 200 shown in FIG. 2.

[6099] The relayed and exit-pupil expanded light is optically coupled from the
distribution waveguide apparatus into the one or more primary planar waveguides 632b. The
primary planar waveguide 632b relays light 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 hight's

effective exit pupil along that second axis (e.g., X-axis). For example, the distribution planar
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waveguide 622b can relay and expand light along the vertical or Y-axis, and pass that hight to
the primary planar waveguide 632b which relays and expands light along the horizontal or X-
axis.

{8100] The optical system may inchide 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
received through a hollow tube 8 of piezoelectric material. The distal end protrudes from the
tube 642 as fixed-free tlexible 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
ithastrated) 1s also located in a core, center, imner periphery or inner diameter of the tube 642,

{6101 Dirive electronics 650, for example electrically coupled via wires 660,
drive opposing pairs of electrodes to bend the piezoelectric 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 8 near a first mode of
mechanical resonance of the fiber cantilever 644, the fiber cantilever 644 is cansed to vibrate,
and can sweep through large deflections.

{6102] By stimulating resonant vibration in two axes, the tip of the fiber
cantilever 644 1s scanned biaxially v an area filling two dimensional (2-D) scan. By
modulating an intensity of light source(s) 610 in synchrony with the scan of the fiber
cantilever 644, hight emerging from the fiber cantilever 644 forms an image. 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.

[8103] A component of an optical coupler subsystem collimates the light
emerging from the scanning fiber cantilever 644. The collimated light is reflected by roirrored
surface 648 into the narrow distribution planar waveguide 622b which contains the at least
one diffractive optical element (DOE) 622a. The collimated light propagates vertically
{relative to the view of FIG. 6) along the distribution planar waveguide 622b by total internal

reflection (TIR), and in doing so repeatedly intersects with the DOE 6223, The DOE 6223
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preferably has a tow diffraction efficiency. This causes a fraction {e.g., 10%) of the light to be
diffracted toward an edge of the larger pumary planar waveguide 632b at each point of
intersection with the DOE 622a, and a fraction of the light to continue on ifs original
trajectory down the length of the distribution planar waveguide 622b via TIR.

[6104] At cach point of intersection with the DOE 6223, additional light s
diffracted toward the entrance of the primary waveguide 632b. By dividing the incoming light
into multiple outcoupled sets, the exit pupil of the light is expanded vertically by the DOE 4
in the distribution planar waveguide 622b. This vertically expanded light coupled out of
distribution planar wavegude 622b enters the edge of the primary planar waveguide 632b.

[8105] Light entering primary waveguide 632b propagates horizontally (relative
to the view of FIG. 6} along the primary waveguide 632b via TIR. As the light intersects with
DOE 632a at multiple points as it propagates horizontally along at least a portion of the
jength of the primary waveguide 632b via TIR. The DOE 632a may advantageously be
designed or configured to have a phase profile that is a summation of a linear diffraction
pattern and a radially symmetric diffractive pattern, to produce both deflection and focasing
of the light. The DOE 632a may advantageously have a low diffraction efficiency (e.g., 10%],
5o that only a portion of the light of the beam is deflected toward the eye of the view with
gach intersection of the DOE 632a while the rest of the light continues {o propagate through
the primary waveguide 632b via TIR.

{8106] At each point of mtersection between the propagating light and the DOE
632a, a fraction of the light 15 diffracted toward the adjacent face of the primary waveguide
632b allowing the light to escape the TIR, and emerge from the face of the primary
waveguide 632b. In some embodiments, the radially symmetric diffraction patfern of the
DOE 632a 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.

[6107] 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, and/or yielding difterent fill patierns at the exat pupil. Dafferent fill patterns at

the exit pupil can be beneficially used fo create a light field display with multiple depth
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planes. Bach layer in the waveguide assembly or a set of layers (e.g., 3 layers) in the stack
may be emploved to generate a respective color {e.g., red, blue, green). Thus, for example, a
first set of three adjacent lavers may be emploved to respectively produce red, blue and green
light at a first focal depth. A second set of three adjacent layers may be employed to
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.

Other Components of the Wearable Svstem

{6108] In many wumplementations, the wearable sysiemn may include other
components in addition or in alternative to the components of the wearable system descnbed
above, The wearable system may, for example, inchude one or more haptic devices or
components. The haptic device{s} or component(s) may be operable to provide a tactile
sensation to a user. For example, the haptic device{s} or component(s) may provide a tactile
sensation of pressure and/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 womn by the user {¢.g., a user wearable glove). In some
implementations, haptic devices or components may be held by the user,

{8109] The wearable system may, for example, inchude one or more physical
objects which are manipulable by the user to allow input or interaction with the wearable
system. These physical objects may be referred to herein as totems. Some totems may take
the form of manimate objects, such as for example, a piece of metal or plastic, a wall, a
surface of table. In cerfain implementations, the fotems may not actually have any physical
input structures {¢.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 so as
to appear to 3 user to be on one 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 instance, the wearable system may render a virtual computer

keyboard and virtual trackpad to appear on a surface of a thin rectangular plate of aluminum
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which serves as a totem. The rectangular plate does not itself have any physical keys or
trackpad or sensors. However, the wearable sysiern may detect user manipulation or
interaction or touches with the rectangular plate as selections or inputs made via the virtual
keyboard and/or virtual trackpad. The user input device 466 {shown in FIG. 4) may be an
embodiment of a totem may, which may include a trackpad, a touchpad, a trigger, a joystick,
a trackball, a rocker switch, a mouse, a kevboard, 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 and/or other users.

{01147 Examples of haptic devices and totems usable with the wearable devices,
HMD, ARD, and display systems of the present disclosure are described in U.S. Patent

Publication No. 2015/0016777, which 1s incorporated by reference herein in its entirety,

Example Wearable Systems, Environiments, and Interfaces

8111} A wearable system may employ various mapping related techniques in
order to achieve high depth of field in the rendered light fields. In mapping out the virtual
world, it 18 advantageous to know all the features and points in 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 system can collect a set of map points (such as 2D points or 3D points) and find
new map points to render a more accurate version of the world model. The world model of 2
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.

{8112} FIG. 7 1s a block diagram of an example of an MR environment 700. The
MR environment 700 may be configured fo receive input {(e.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, eve tracking, user input from the user input device 466,
etc.) from various user systems 720a, 720b. The user systems 720a, 720b can comprise one
or more user wearable systems (e.g., wearable system 200 and/or display system 220) and/or

stationary room systems (¢.g., room cameras, etc.). The wearable systems can use various
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sensors {e.g., accelerometers, gyroscopes, temperature sensors, movement sensors, depth
sensors, GPS sensors, inward-facing imaging system, outward-facing imaging system, efc.) to
determaine the location and various other atiributes of the environment of the user. This
information may further be supplemented with information from stationary cameras in the
room that may provide images and/or various cues from a different point of view. The image
data acquired by the cameras (such as the room cameras and/or the cameras of the outward-
facing imaging system} may be reduced to a set of mapping points.

{8113] One or more object recognizers 708 can crawl through the received data
{e.g., the collection of points) and recognize and/or map points, tag images, attach semantic
information o objects with the help of a map database 710, The map database 710 may
comprise various points collected over time and thewr 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.

[6114] Based on this information and collection of points in the map database, the
object recognizers 708a to 708u may recognize objects in an enviroument. For example, the
object recognizers can recognize faces, persons, windows, walls, user input devices,
televisions, other objects in the user’s environment, etc. One or more object recognizers may
be specialized for object with certain characteristics. For example, the object recognizer 7083
may be used to recognizer faces, while another object recognizer may be used recognize
totems.

{8115] The object recognitions may be performed using a variety of computer
vision techniques. For example, the wearable system can analyze the images acquired by the
outward-facing imaging 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, etc. 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 algorithra, Eigenfaces approach, Lucas-Kanade algonithm,

Hom-Schunk algorithm, Mean-shift algonthm, visual simultancous location and mapping
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{vSLAM) techniques, a sequential Bayesian estimator (e.g., Kalman filter, extended Kalman
filter, etc.), bundle adjustment, Adaptive thresholding (and other thresholding techniques),
Iterative Closest Point (ICP), Sermu Global Matching (SGM), Semi Global Block Matching
(SGBM), Feature Point Histograms, various machine learning algonithms {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.

{8116] The obiect recognitions can additionally or alternatively be performed by a
variety of machine learning algorithms. Once trained, the machine leaming algorithm can be
stored by the HMD, Some examples of machine learning algorithms can include supervised
or non-supervised machine learning algorithmes, including regression algonthms (such as, for
example, Ordinary Least Squares Regression), instance-based algorithms (such as, for
example, Leamning Vector Quantization), decision tree algorithimns (such as, for example,
classification and regression trees), Bayesian algorithms (such as, for example, Naive Bayes),
clustering algorithms (such as, for example, k-means clustering), association rule learning
algorithms (such as, for example, a-priori algorithms), artificial neural network algonithms
{such as, for example, Perceptron), deep learning algorithms (such as, for example, Deep
Boltzmann Machine, or deep neural network), dimensionality reduction algonithms {such as,
for example, Principal Component Analysis), ensemble algorithms (such as, for example,
Stacked Generalization), and/or other machine learning algonthms. 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
session), a data set {e.g., a set of additional images obtained of the user m the telepresence
session), conditional situations, or other vanations., In some embodiments, the wearable
HMD can be configured to utilize a plurality of techniques to generate models for analysis of
the aggregated data. Other techniques may include using pre-defined thresholds or data
values.

{8117} The wearable system can also supplement recognized objects with

semantic information to give life to the objects. For example, if the object recognizer
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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 totem, the wearable system may attach semantic
information that the totem can be paired {(e.g., via Bluetooth) with the wearable system. 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 information may be transmitted to one or more wearable systems. For
example, the MR environment 700 may include information about a scene happening in
Californta. The environment 700 may be transmitted 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 eic., such that the scene 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.

[8118] 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
virtual scene may be represented to a user of the MR system {e.g., a wearable system). The
user may be geographically remote from the scene. For example, the user may be New York,
but may want {0 view a scene that 1s presently going on in California, or may want to go on a
walk with a friend who resides in California.

{8119] 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, etc., convey information to the system at block 8§10, The system
may determine sparse points based on this mformation at block 820. The sparse points may
be used in determining pose data (e.g., head pose, eye pose, body pose, and/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 708a, 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,
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and the desired virtual scene may be accordingly displayved to the user at block 850, For
example, the desired virtual scene {e.g., user in CA) may be displayed at the appropniate
orientation, position, etc., in relation to the various objects and other surroundings of the user
in New York.

{8126) FIG. 9 is a block diagram of another example of a wearable system. In this
example, the wearable system 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., 1o a cloud system).
A pose process 910 may be executed on the wearable computing architecture (e.g.,
processing module 260 or controller 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 on the fly as the user is experiencing the system and operating in the
world. The data may comprise images, data from sensors {(such as inertial measurement
devices, which generally comprise accelerometer and gyroscope components) and surface
information pertinent {0 objects in the real or virtual environment.

{6121} A sparse point representation 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 system 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.

{8122] In one embodiment, a sparse point position may not be completely
adequate on ifs 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 information may be computed 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 wnput to the Stereo process
940. A significant amount of depth map nformation may be fused together, and some of this

may be summarized with a surface representation. For example, matheratically definable
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surfaces are efficient {e.g., relative to a large point cloud) and digestible inputs to other
processing devices hke 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 3 large hybrid of points and surfaces.

{8123] To resolve various aspects in a mixed reality process 960, various inputs
may be utihized. For exaruple, in the embodiment depicted 1o FIG. 9, Game parameters may
be inputs to determine that the user of the system is playing a monster 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 objects are
relative fo each other, to be another valuable input to mixed reality. Pose relative to the world
becomes an input as well and plays a key role to almost any interactive system.

[6124] Controls or mputs from the user are another mput to the wearable systers
900. As described herein, user inputs can include visual mnput, gestures, totems, audio mput,
sensory input, 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 in space, there are various forms of user controls that may be utilized. In one
embodiment, a totem, another 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 is holding the item and understand what kind of interaction the user is having with
the tern {e.g., if the totem or object 18 a gun, the system may be configured to understand
location and orientation, as well as whether the user 1s 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 is going on, even when such activity is not within the field of view of any
of the cameras.)

[6125] Hand gesture tracking or recognition may also provide input information.
The wearable systern 300 may be configured to track and interpret band gestures {or button

presses, for gesturing lett or right, stop, grab, hold, etc. For example, in one configuration, the
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user may want to flip through emails or a calendar in 3 non-gaming environment, or do a "fist
bump” with another person or player. The wearable systern 900 way be configured to
leverage a minimum amount of hand gestore, 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 nght, or left, or up/down for directional
commands.

{8126] Eye tracking is another input (e.g., tracking where the user is looking to
control the display technology to render at a specific depth or range). In one embodiment,
vergence of the eyes may be determined wusing triangulation, aond then using a
vergence/accommodation model developed for that particular person, accommodation may be
determined.

{8127} With regard to the camera systems, the example wearable system 900
shown i 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 oriented 1n
front of the user to handle the Stereo imaging process 940 and also to capture hand gestures
and totenv/object tracking in front of the user's face. The cameras in the three pairs of cameras
may be a part of the outward-facing imaging system 464 (shown in 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) oriented toward the eyes of the user in order to
triangulate eye vectors and other information. The wearable system 900 may also comprise
one or more textured light projectors (such as infrared (IR} projectors) to inject texture into a
scene,

[6128] FIG. 10 15 a process flow diagram of an example of a method 1000 for
determining user input {o a wearable system. In this example, the user may mnteract with a
totem. The user may have multiple totems. For example, the user may have designated one
totem for a social media application, another totem for playing games, etc. At block 1010, the
wearable system may detect a motion of a totem. The movement of the totem may be
recognized through the user's FOV camera or may be detected through sensors {e.g., haptic

glove, image sensors, hand fracking devices, eye-tracking cameras, head pose sensors, etc.).
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[6129] Based at least partly on the detected gesture, eve pose, head pose, or input
through the totem, the wearable system detects a position, orientation, and/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,

{6130] For example, the user may move a toterm 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 {Ul) display screen to 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 particular real or virtual object is longer than 3 threshold time, the real or virtual
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 ou a depth plane on
which the user is focusing. In some implementations, the wearable system can use raycasting
techniques to determine which real or virtual objects are along the direction of the user’s head
pose or eve pose. In various implementations, the ray casting techniques can include casting
thin, pencil rays with substantially little transverse width or casting rays with substantial
transverse width {e.g., cones or frustums}.

{6131] The user terface may be projected by the display system as described
herein (such as the display 220 mn FIG. 2). It may also be displayed using a variety of other
techniques 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 camneras external to the system or part of the system (such as, ¢.g., using the inward-
facing imaging system 462 or the outward-facing imaging system 464).

{6132} FIG. 11 1is a process flow diagram of an example of a method 1100 for
interacting with a virtual user interface. The method 1100 may be performed by the wearable

system described herein,

232



WO 2018/201067 PCT/US2018/029988

{6133} At block 1110, the wearable systern may identify a particular UL The type
of Ul may be predetermined by the user. The wearable system may identify that a particular
Ul needs to be populated based on a user input (e.g., gesture, visual data, andio data, sensory
data, direct command, etc.). At block 1120, the wearable system may generate data for the
virfual Ul For example, data associated with the confines, general structure, shape of the Ul
etc., 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 1s 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 1s 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.

{6134} At block 1130, the wearable systern may send the data to the display fromw
the cloud or the data may be sent from a local database to the display comaponents. At block
1140, the Ul 1s displayed to the user based on the sent data. For example, a light field display
can project the virtual Ul into one or both of the user’s eyes. Once the virtual Ul has been
created, the wearable system may simply wait for a command from the user to generate more
virtual content on the virtual Ul at block 1150. For example, the Ul may be a body centric
ring around the user's body. The wearable system may then wait for the command {(a gesture,
a head or eye movement, input from a user input device, etc.}, and if it is recogmzed (block
1160), virtual content associated with the command may be displayed to the user (block
1170).

[8135] Additional examples of wearable systems, Ul, and user experiences (UX)
are described in U.S. Patent Publication No. 2015/0016777, which is incorporated by

reference herein in its entirety.

Overview of an Exammle Totem

[6136] As described with reference to FIGS. 4 and 7 — 10, a user can perform

various user interface operations on a display (e.g., display 220) using the user input device
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466 (such as, e.g., a totem). FIG. 12A illustrates an example embodiment of 3 totem 1200,
showing side 1210 and front (user-facing) 1250 views. The totem 1200 ray be the user input
device 466 (shown in FIG. 4) alone or in combination with other user jnput devices. The
toterm 1200 can be sized and shaped so as to be handheld. Further examples of user input
devices (such as, ¢.g., toterns) in one or more of the various embodiments disclosed herein
are shown and described in U.S. Patent Application No. 15/683,677, filed August 22, 2017,
with ornamental appearances the same as or similar to the totem controller of U.S. Design
Patent Application No. 29/575,031, filed August 22, 2016, both of the aforementioned
applications are hereby incorporated by reference herein in their entireties.

{8137] The totem 1200 shown in FIG. 12A can include a body 1214 having a
trigger 1212, a home button 1256, and a touchpad 1260, although more or fewer buttons,
triggers, or features can be included in other example totems. A light guide 1264 can
substantially surround the touchpad 1260. In the examples shown in FIGS. 12A and 128, the
light guide 1264 is substantially annular {e.g., a circular ning} that substantially surrounds a
circular touchpad 1260. In other embodiments, the touchpad 1260 and the light guide 1264
can be shaped differently. For example, the touchpad 1260 can be polygonally shaped (e.g.,
square, rectangular, hexagonal, efc.} or oval, and the light guide can have a shape (e.g.,
circular, oval, polygonal, etc.) that substantially surrounds the touchpad.

{8138] The trigger, home button, and touchpad can accept user inputs {e.g., by
being pulled, depressed, or touched, respectively). The light guide 1264 can be illuminated to
display light patterns. In some embodiments, the light guide 1264 is touch sensitive and can
receive user input. The totem 1200 can be removably attached to a base 1220 when not being
held by the user. The base 1220 may include an electrical power connection {e.g., to a wall
socket) and can be used to charge the totem 1200 when the fotem is aitached to the base

1220.

Examples of a Tripger

{6139 The trigger 1212 can be located on the upper portion of the totem body
1214 that faces away from the user. The trigger 1212 can inclade a touch surface 1234 and a

touch sensor (not shown in FIG. 12A), which can receive a user input. A touch sensor can
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sense a user’s finger on (or near) the touch surface 1234 and the movement of the user’s
finger on the touch surface 1234, Additionally or alternatively, the trigger 1212 can include a
button 1232 which the user can press. The button 1232 can include a pressure sensor which
can detect when a user presses the button 1232, The button 1232 may be pressed 6 — 8 mm
from 1ifs resting position. In some embodiments, the trigger 1212 can include multiple
buttons such as, e.g., select, back, option, etc.

{8148] The trigger 1212 may be implemented, for example, using an Alps force
sensor. The trigger 1212 {or the button 1232) can also be implemented using an analog or
digital button. The trigger 1212 way be associated with a microprocessor. The
MICTOProcessor may reserve two general-purpose input/ouniput (GPIO) pins for various
functions of the trgger 1212.

{6141} In some mplementations, the trigger 1212 can be configured to provide
haptic feedback. The trigger 1212 can include a haptic actuator, such as, e.g., linear resonant
actuator {LRA), eccentric rotating mass {ERM), piezo actuator, etc. For example, the trigger
1212 can employ an S-Type LRA (such as, e.g., an S-type Alps haptic on an analog button
1232) to generate a vibration.

{8142] A wuser can actuate the trigger 1212 using various hand gestures. For
example, the user can actuate the trigger 1212 by touching, swiping, tapping, pressing, efc.
The trigger 1212 can provide rich touch features where various user interface interactions
may be associated with different hand gestures used to actuate the trigger 1212, For example,
a user can swiich between an AR interface and a VR interface by pressing the trigger 1212,
As another example, the user can swipe the virtual objects in and out of the user’s FOV by
swiping on the touch surface 1234 of the trigger. The user interface interactions can also be
associated with the duration of the actuation. The totem 1200 can record the duration of the
press and determine a user interface operation based on the duration of the press. For
example, pressing the trigger 1212 for an extended duration (such as e.g., for 3 — § seconds)
may cause the wearable system to exit a program {(such as e.g., a movie} while a quick press
of the trigger may cause the wearable system to select a virtual object in the user’s direction

of gaze.
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[6143] The trigger may be actuated in conjunction with other components of the
totem or a pose of the user to perform a user interface operation. For example, the user may
press the trigger 1212 while swiping on the touchpad 1260 to move a virtual object. As
another example, the user can press the trigger 1212 with his or her right thumb and move his
or her arm to the right to move a virtual object rightward.

{8144] The tngger 1212 can also be configured to provide an indication to the
user that one or more user interface operations are available. For example, when the trigger
1212 1s pressed for an extended duration, the wearable system may enable a user to change
the settings of a game. To indicate to the user that he or she can now change the settings, the
wearable system may provide a haptic feedback (such as, e.g., a vibration) on the trigger 1212
{or on the body of the totem). In addition to or in alternative to providing an indication that an
user interface operation are available, the haptic feedback can also be used to inform the user
that be or she has actuated the trigger 1212 using a certain gesture (such as e.g., tapping or
pressing).

[6145] In other embodiments, some or all of the above-described functionality of
the trigger 1212 can be implemented by other buttons or touch-sensitive surfaces of the totem
1200. For example, as described below with reference to FIG. 17B, a button {(also referred to
as a bumper) can perform some or all of the functionality of the trigger 1212 {(or the home
button 1256,

{6146] Other examples of a totem 1200 are described with reference to FIGS. 17A
and 17B.

Examples of a Touchpad

{6147} The totem can include a touchpad 1260 located on the upper front portion
of the totemn body 1214 that faces toward the user. The touchpad 1260 can include a touch
surface 1262 and a light guide 1264, In some examples, the architecture and/or functionality
of the touchpad 1260 may be substantially the same as or sinular to that which is described i
U.S. Patent Application No. 15/683,677, which as mentioned above is incorporated by
reference herein in its entirety.  In the illustrated example, the light guide 1264 substantially

surrounds the touch surface 1262. The touchpad 1260 can include various interactable
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regions. For example, the user can actuate the touch surface 1262, the light guide 1262, alone
or tn combination. The touch surface 1262 can further inchode multiple interactable regions,
with each region being mapped to a type of user input {or a user mterface operation).

{6148} The touch surface 1262 may be a circular surface with a diameter in the
range of 27mm — 40mm. The touch surface 1262 may also be other shapes, such as, e.g,,
oval, rectangle, triangle, diamond, irregular, etc. In certain implementations, the touchpad
1260 may have a less than 50 ms traffic-to-pilot (T2P) latency.

{6149] The touch surtace 1262 can be substantially surrounded by a hight guide
1264, For example, in various embodiments, the light guide 1264 may subiend an angular
distance around the touch surface of greater than 90 degrees, greater than 180 degrees, greater
than 270 degrees, or up to a full 360 degrees. The light gmide 1264 can be illuminated to
display a halo with various placement and movement of light patterns. The light guide 1264
can diffuse the light generated by light sources 1330 (e.g., LEDs) of the touchpad to display
the halo, so that the llurmination from mdividual, discrete light sources is merged. The hight
guide 1264 can comprise a diffusive optical element formed from, e.g., plastic or polymeric
material formed into a ring shape, which can transmit (and diffuse) the hight from the Light
sources 1330 to a viewer of the totem 1200 (see, ¢.g., FIGS. 13A-14A). The light gmde can
be transparent or translucent. In various embodiments, the light guide 1264 can comprise
diffuser sheets, diffuser films, an ectched waveguide, a transmissive optical clement
comprising layers of particles, irregular surfaces, holographs, white surfaces, ground glass,
polytetrafiuoroethylene (PTFE or Teflon), opal glass, greyed glass, colored gel, and so forth.
Embodiments of a light guide comprising optically diffusive matenial advantageously may
diffuse and spread out the light from the light sources 1330 so that the light guide appears to
have an overall, substantially continuous glow (when all hight sources are illuminated) rather
than appearing as discrete, individual light sources (if the light guide were substantially
transparent}.

{81561 The touchpad can include a number of red, green, blue (RGB) LEDs (such
as, .8, 6 — 24 RGB LEDs). The light placersent or movement patterns of the halo can
provide visual indications of the user’s mteractions with the totern or other components of the

wearable systern, the status of a progress associated with the wearable system, the objects in
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the user’s environment, eic. See, for example, the LEDs 1383a of FIG. 13C or the LEDs
1394a of FIG. 13E.

[8151] The light sources can include (additionally or alternatively) emafters that
radiate in non-visible portions of the electromagnetic spectrum, e.g., infrared or ultraviolet.
In such embodiments, a camera on the wearable device may be sensitive to the corresponding
non-visible spectrum and can image non-visible hight displayed by these emitters.
Accordingly, the totem 1200 and the wearable device can exchange information via such a
non-visible spectral modahity. For example, the totem 1200 and an HMD can exchange
device pairing information using the non-visible spectral modality.

[8152] The touchpad 1260 can include a force-haptic component underneath the
touch surface 1262 and a portion of the light guide 1264, The force-haptic component can
include a haptic actuator for providing haptic feedback to a user via the touch surface 1262 or
the light guide 1264, The haptic feedback can be used alone or in combination with the visual
halo to provide an indication of the user’s juteraction with the totern or the objects in the
user’s environment.

{8153] The force-haptic component can also include a touch detector for detecting
a user’s actuation of the touchpad. The force-haptic component may be implemented using a
tough-type Alps LRA. The force-haptic component can include a strain gauge with an analog-
to-digital converter (ADC).

{8154] The touchpad 1260 can employ a hybnid control technique such as, e.g., a
trackpoint-style hybnd velocity control input technique, a hybrid force and velocity
technigue, etc. The touchpad 1260 can use the ADC to enable such input technique. In certain
implementations, the sensitivity of the touchpad may be less than 5 Newtons. Additional
structural examples of the touchpad 1260 are further described with reference to FIGS. 13A
and 14E.

[6185] The touchpad 1260 can provide rich touch features for various user
interface experiences. For example, the user can use the touchpad 1260 (alone or m
conjunction with other components of the totem or the wearable system) to move or orient

virtual objects. The touchpad 1260 can also be used as a virtual keyboard to input texts.
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Examples of a Bodv of the Totem

{6156} The body 1214 of the totem 1200 may be in the shape of a torch (see e.g.,
FIG. 12A), in which the body comprises an clongated cylinder, which may angle outward
towards the top of the totem so that it is more frustoconical in shape {which may make it
gaster or more comfortable to be held in the user’s hand). The body 1214 may include
indentations for the user’s fingers, which may assist in gripping and holding the totem. FIG.
12B is a top view 1270 that illustrates another example of the totem 1200. In this
embodiment, the body 1214 is ovoid in shape so that it may fit more 1o the palw of a user’s
hand or be more stable when put on a surface (e.g., a table). In some examples, the
ornamental appearance of the body 1214 of the totem 1200 may be substantially the same as
or simtlar to that of the totern controller, which is shown and described in U.S. Design Patent
Application No. 29/575,031, filed August 22, 2016, which as mentioned above is
incorporated by reference herein in ifs entirety. Other shapes for the body 1214 are possible
such as an elongated body having a cross-section that is oval, polygonal, etc. The cross-
section of the body 1214 may be substantially symmetric so that the totem 1200 can be easily
held in the user’s left hand or the user’s right hand.

{8157} The body 1214 can include an upper portion 1242 which can include the
trigger 1212 and the touchpad 1260. The body 1214 can also include a bottom portion 1244.
The bottom portion 1244 may include an interface such that the totem 1200 can be removably
attached to the base 1220. For example, the bottom portion 1244 may be connected to the
base 1220 via a connection interface 1222 (such as, e.g., a USB-C comnection) when the
totem 1200 1s charging. As another example, the bottom portion 1244 may be connected to
another computing device (such as a home computer) via the base 1220, When connected to a
computer, the user can accordingly configure the light placement or movement patterns of the
halo (on the touchpad 1260) via a programming interface (described below with reference to
FIGS. 18A-18D) on the computing device.

[8158] The touchpad 1260 can be angled so that the touch surface 1264 and the
light guide 1262 are easily viewable by the user, when the totem 1200 is held in the user’s
hand. The angle of the touchpad 1260 to the horzontal can be 1o a range from about 10 - 60

degrees. It follows that the body 1214 can take on a more frustoconical shape by virtue of
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such an angle. As described above, this shape may make the totem 1200 casier or more
comfortable for the user to hold in their hand. In some embodimeunts, the angle of the
touchpad 1260 to the horizontal can be i a range from about 15 — 30 degrees. The trigger
1212 can be disposed opposite to the touchpad 1260 so that 1t 1s ecasily depressible with the
user’s index finger, when the totern 1200 1s held in the user’s hand,

{6159 in some embodiments, the bottom portion 1244 can include an tlluminated
power indicator. The tlluminated power indicator may include one or more RGB LEDs. The
light placement or movernent patterns of the LED power indicator may be used to provide
information related to the remaining battery or the battery charging status for the LED totem.

[8166] The body 1214 can be configured to provide haptic feedback to a user. The
body 1214 can include a haptic actuator 1760 (shown in FIGS. 17A, 178) for providing the
haptic feedback. The haptic actuator 1760 may be implemented with tough type LRA or
ERM haptics. Details of the components associated with the body 1214 are described with

reference to FIGS. 17A, 17B.

Exarples of @ Home Butfon

[6161]) The totem 1200 can inclide a home button 1256. The home button 1256
can be located on the body 1214 of the totem 1200. When a user actuates the home button
1256, the wearable system may perform various user interface operations, such as, e.g,
returoing / opening the man menn of an application or the display, exiting a program,
selecting an application, etc. In some embodiments, when the user actuates the home button
1256, the wearable system may enter into or wake up from a sleep mode, turn on or off the
virtual content on the display, eic.

[8i62] The wearable system may perform operations based on how the user
actuates the home button 1256. For example, if the user actuates the home button 1256 for an
extended duration of fime, the display may be turned off. As another example, if the user
presses the home button 1256 twice, the display may present the main page of the display
while 1f the user press the home button once, the display may present the main menu of the
game application with which the user is currently interacting, Other functionality can be

implemented by the home button 1256, e.g., a quick tap on the button can bring up an
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application launcher user interface; within an application, a quick tap may bring up the
application’s menu or a long press may suspend the application and bring up the application
launcher user interface.

{6163} The home button 1256 can include an RGB LED mndicator which can be
used to indicate the current status of the totem or the wearable display {such as whether it is
turned on/off), the baitery status of the totem, the wearable display, or other components of
the wearable system.

{6164] In vanous embodiments, the totem 1200 includes both a home button 1256
and a trigger 1212 or includes only one of these user-input clements (or additional buttons
such as the bumper 1266 described with reference to FIG. 178B). The totem 1200 can be
configured or shaped differently than shown. For example, the home button 1256 may be
implemented as part of the trigger (rather than as part of the body 1214). As yet another
example, the touchpad 1260 or the home button 1256 can provide visual indication for the
progress of charging the totem 1200. Many vanations are possible, and the accompanying
figures are miended fo lustrate example embodiments but not to lmit the scope of the

disclosure,

Examples of a Base
{8165] As described with reference to the body 1214 of the totem, the body 1214

of the totem 1200 may be removably attached fo the base 1220, An interface between the
base and the totem can pernmut electrical charging, access to data m the totem or to provide
software updates, etc. For example, the base 1220 can include a universal senial bus (USB)
plug which can phlug into a USB port on the bottom portion 1244 of the body 1214. The base
1220 can further be connected to a power outlet using a power cord for charging the totem.
The base can also connect with other computing devices such as personal computers,

televisions, projectors, etc., using wired or wireless communication channels.

[6166] The totem 1200 can support various mput techniques such as, e.g.,

touching, swiping, scrolling, rotary dialing, clicking, pressing, d-pad enmlation, etc. In some
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embodiments, the totem 1200 can support inertial swipes. For example, when a user swipes
along a trajectory on the touchpad 1260, a virtual object may continue moving along the
trajectory even though the user’s finger has stopped swiping. The totem 1200 can also
support edge swipes, such as, e.g., swiping on the horizontal or vertical edge of the touchpad
1260 or the light gmde 1264,

{8167] A user can actuate the totem 1200 using various hand gestures and body
poses. For example, a user can swipe or touch the touchpad 1260 or the trigger 1212. In some
embodiments {such as e.g., embodiments 1210 and 1250), the totern 1200 can support 6DOF
user interactions. For example, the user can rotate the totermn 1200 to rotate a game avatar, As
further descnibed with reference to FIGS. 17A, 178, the totem 1200 can use an environmental
sensor 1710 (such as an IMU) to detect the user’s movement. In other emnbodiments (such as,
e.g., the example the totemm 1200 shown in FIG. 12B), the totem can support 3DOF (rather
than 6DOF). In these embodiments, the totem can detect and translate the surge, heave, and
sway movements of the users but not the pitch, yaw, and roll movements, or vice versa.

[6168] Although the examples are described with reference to handheld devices,
stmilar techniques may also be applied fo a user input device designed for seated and tabletop

controls,

Example Structures of a Touchnad

Cross-Sectional Views of the Touchpad

{8169] FIG. 13A illustrates a cross-sectional view of an example touchpad 1260
of a totem 1200, The example touchpad 1260 may be part of the totern 1200 described with
reference to FIGS. 12A and 12B. The touchpad 1260 can include 3 layers: the top layer 1312,
the middle layer 1314, and the bottom layer 1316.

{81761 The bottom layer 1316 can include a printed circuit board (PCB) 1340.
The PCB 1340 can mechamcally support and electronically connect to one or more
components on the nuddle layer 1314 such as light sources 1330 (e.g., LEDs) and a touch
sensor 1350. The PCB 1340 can also support the armature 1320, Additionally or

alternatively, the PCB 1340 can clectronically connect other components of the totem such
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as, e.g., haptic actuators {e.g., the actuators for the touchpad 1260, the trigger 1212, or the
body 1214, etc.), microprocessors, etc.

{6171} The middle layer 1314 of the touchpad 1260 can include a touch sensor
1350. The touch sensor 1350 may be an example of the force-haptic component described
with reference to FIG. 12A. The touch sensor 1350 can use various touch screen technologies
{such as, e.g., resistive or capacitive sensor technologies) to determine a user’s actuation of
the touchpad 1260 or to provide haptic feedback. The touch sensor 1350 can be configured to
enable mulfi-touch technologies where it can distinguish between different levels of forces
being applied to the touch surface 1262 (and the light guide 1264). The touch sensor 1350
can provide sensitivity in three orthogonal directions {(e.g., XYZ). Example touch screen
technologies that may be employed by the fouch sensor 1350 are descnbed in FIG. 138,

[6172] In FiG. 13A, the LEDs 1330 can be positioned in-between the touch
sensor 1350 and the armature 1320. The middle layer 1314 can include 6 to 12 LEDs, though
other numbers {e.g., 3, 15, 18§, 20, eic.) of LEDs may also be possible. The LEDs can be
positioned substantially uniformly around the circurnference of the hight guide (see, e.g., the
top views in FIGS. 13E and 14A) or some LEDs may be positioned more closely to each
other than in a uniform spacing. The LEDs 1330 may comprise a single color LED (such as,
¢.g., a blue-violet LED), a bi-color LED, an RGB LED (or other multiple-color LEDs), a
white LED}, an organic LED (OLED), a quantum dot LED, an infrared LED, an ultraviolet
LED, etc., alone or in combination. The LEDs 1330 may be controlled by a microprocessor
{e.g., on the PCB board 1340). For example, by independently adjusting each color (red,
green, and blue) of an RGB LED using the microprocessor, a wide range of colors {e.g., 2
large color gamut) may be generated by the RGB LED. The light patterns generated by the
LEDs can be associated with user interactions with the totem or the wearable system, as well
as be associated with the objects in the user’s environment. In some examples, the light
patterns can also be referred to as the light placement or movement patterns of the halo.

{8173] The armature 1320 may span the top layer 1312 and the middle layer 1314,
The armature 1320 can hold the middle layer 1314 and the top layer 1312 together. A portion
of the armature may touch the top portion of the LEDs 1330.
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[6174] The top layer can include the light gude 1264 and the touch surface 1262,
in addition to a portion of the armature 1320. The touch surface 1262 may be surrounded by
the light guide 1264 and may sit on top of the touch sensor 1350, The user can actuate the
touch surface 1262 using hand gestures. The touch surface 1262 can also provide haptic
feedback to the user. A portion of the light guide 1264 may be overlaid on top of the touch
sensor 1350 and the user can accordingly actuate the hight guide 1264, In some embodiments,
the light guide may not be touchable {(g.g., because the touch sensor 1350 is not underngath
the hight guide 1264). However, the hight guide may still provide visual or haptic feedback.

[6175] The light guide 1264 may be in-between the armature 1320 and the touch
surface 1262 on the top layer 1312, The light guide 1264 may inchude a first portion 1362 and
a second portion 1364. The first portion 1362 of the light guide 1264 can be overlaid on top
of the LEDs 1330, The light guide 1264 can diffuse the light generated by the LEDs 1330 so
as to spread the light out over an extent of the light guide 1264 that is larger than the
individual LED packages, which may provide a more pleasing visual appearance. The hight
patterns can provide visual feedback associated with the user’s interactions with the wearable
system or the touchpad 1260, The light patierns can also provide information associated with
objects in the user’s environment {(such as the relative positions between a user and an
object).

{8176] The second portion 1364 of the Light guide 1264 may be positioned over
the touch sensor 1350. For example, the light guide 1264 may be positioned with a 0.75 mm
to 2Zmm inset over the touch sensor 1350, Because a portion of the touch sensor 1350 can
extend under the light guide 1264, the light guide 1264 can not only provide visual and
haptics feedback but also can be actuated by the user. As shown by the finger 1310, the user
can actuate the light guide 1264, for example, by touching, tapping, swiping, or pressing the
light guide 1264. Accordingly, when the user actuates the light guide 1264, the totem can
stmulate user interface experiences such as, e.g., tapping on selectively illuminated “buttons”
or “arcs” of light on the light guide.

{81771 The light guide 1264 does not have to be positioned over the touch sensor
1350. As a result, the user may not be able to actuate the light guide 1264 to interact with the

totem or the wearable device. In some implementations, although the second portion of the
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1364 1s positioned over the touch sensor 1350, the processor 1770 or the local processing &
data module 260 may be configured not to recognize the user’s input on the hight guide 1264,
As a result, the light goide 1264 may be used to provide visual or haptic feedback but may
not be responsive when a user actuates the light guide 1264,

{8178] FIG. 13B illustrates examples of touch screen technologies. In these
examples, the touch sensor 1350 {e.g., 1350a, 1350b, and 1350} is sandwiched in-between
the touch surface 1262 and the PCB 1340. The embodiment 1362 of the touch screen
technology illustrates an exarople of the force under touch technology. In this example, the
touch sensor 1350a can comprise a pressure sensitive sensor which can detect multiple levels
of force exerted on the fouch surface 1262, In certain embodiments, the touch sensor 1350
can also be configured to relay haptic foedback to the touch surface 1262,

[8179] In the example 1364, the touch sensor 1350b may comprise strain gauges.
The strain gauges may be located undemeath the edge of the touch surface 1262. When a user
actuates the touch surface 1262, the touch sensor 1350b can determive the user’s gesture
{e.g., a press or a tap gesture) by measurning the strains of the touch surface 1262,

{8180] The example 1366 illustrates an interpolating force-sensitive resistance
touch sensor technology (IFSR). The touch sensor 1350c¢ can use force sensitive resistors
whose level of sensitivity can change depending on the level of pressure. Accordingly, the
touch sensor 1350c may detect multiple levels of force exerted on the touch surface 1262,

{6181 FIGS. 13C and 13D illustrate additional cross-sectional views of an
example touchpad of a totem. The cross-sectional view 1380 shows a top cover 138la and a
top housing 1381b underneath the top cover 1381a. Either the top cover 1381a or the top
housing 1381b, or the combination may be part of the armature 1320 shown in FIG. 13A. The
top housing may be attached to a light guide 1264 (e.g., light pipe 1381¢) with the adhesive.
The light pipe can be transparent or translucent. In various embodiments, the light pipe 1381c¢
can comprise diffuser sheets, diffuser films, an eiched waveguide, a transmissive optical
element comprising layers of particles, rregular surfaces, holographs, white surfaces, ground
glass, polytetrafluoroethylene (PTFE or Teflon), opal glass, greved glass, colored gel, and so
forth. Embodiments of a light pipe comprising optically diffusive matenal advantageously

may diffuse and spread out the light from the LEDs 1383a so that the light output in the
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direction 1384 appears to have an overall, substantially continuous glow (when all LEDs are
illuminated) rather than appearing as discrete, individual LEDs (f the light pipe were
substantially transparent).

{0182} The top housing 1381b can also be attached to a white Mylar 1381¢ (or
other reflective sheeting) using the adhesive. The top housing can enclose one or more LEDs
1383a. For example, the top housing may include an RGB LED which includes a package of
ared LED, a green LED, and a blue LED. Therefore, if the touchpad includes 12 RGB LED:s,
the touchpad may inchude 12 top housing structures each includes an RGB LED. As another
example, the top housing may include all 12 RGB LEDs for the touchpad.

[6183] The top cover is adjacent to the touch cover 1383d. The touch cover may
be an embodiment of the touch surface 1262 shown in FIG. 13A. The touch cover may be
attached to the touch board 1383 using touch cover adhesive 1383c¢. The touch board include
an embodiment of the force-haptic component described with reference to FIG. 12A. As
further described with reference to FIG. 13D, an adhesive stack 1386 may be sandwiched m-
between a portion of the touch board and a portion of the top housing. The adhesive stack
1386 may be used fo fixatedly aftach the portion of the touch board with the top portion of
the top housing.

{6184]) The adhesive stack 1386 may include two layers: a shock-absorbing foam
pad {(e.g., Poron, available from the Rogers Corp. Rogers, CT), and a flex and adhesive layer.
The top portion of the poron pad 1387a may be attached to the bottom portion of the touch
board and the bottom portion of the poron pad may be attached to the flex and adhesive layer
1387b. The flex and adhesive layer may be attached to the top housing. The poron pad may
be composed of two 0.2mm thick and one 1.00mm thick adhesives. The one 1.00mm
adhesive may be positioned in-between the two 0.2mm thick adhesives. Alternatively, one of
the two 0.2mm thick adhesives may be in-between the 1.00mm thick adhesive and the other
0.2mm thick adhesive.

[6185] With reference back to FIG. 13C, one or more LEDs 1383a may be
attached to the touch board. The LED can enut light in the direction 1382, The light may
reach the light pipe, which can transnut the light in the light output direction 1384 through

total internal reflection (TIR}. The bottom portion of the light pipe can also be attached to a
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portion of the white Mylar. The white Mylar (or other reflective sheeting) may reflect a
portion of the light emiited by the LED to increase the amount of light output in the light
output direction 1384, The light pipe may diffuse light from the LED so that the light output
appears as more of a angularly continuous output rather than individual, discrete light

SOUrces.

Bottom Views of the Touchpad

{6186} FIG. 13E illustrates a bottom view of an example touchpad. The touchpad
1380 may be an embodiment of the touchpad 1260. The touchpad 1390 can include 12 LEDs
13943, though other numbers of LEDs are also possible. The 12 LEDs 13%94a are equally
spaced circomferentially in this example, although in other examples (such as the examples
described with reference to FIGS. 14B and 15), the spacing among the LEDs may not
necessarily be equal. The 12 LEDs may be located on the bottom of the touchpad. The
touchpad can selectively illuminate the LEDs to create a light pattern which may appear as a
halo around the touch pad.

{6187} The LEDs can be attached to the housing 1392, The housing can have two
alignmaent pin holes and three snap clearances 1394e. The two alignment pin holes may be on
the opposite end of the diameter of the touchpad. The three snap clearances may be spaced
equally. The alignment pin holes 1394d and the snap clearances 1394e may be used to orient
and position the touchpad in relation to the totem body. The snap clearances 13%4¢ may also
be used to fix the touchpad 1390 to the totem body.

j6188] The touchpad 1390 can employ a touch screen technology such as, e.g., a
force flex stack 1394b. A portion of the force flex stack 1394b may be overlaid on top of the
touch board component area 1394¢. The force flex stack 1394b may include the touch surface
1262, alone or in combination with the touch sensor 1350. The force flex stack can detect
user input on the touchpad 1390, such as, e.g., pressing, swiping, tapping, touching, efc.

[6189] In certain embodiments, the touch board component area may include the
PCB 1340, The touch board component area can include a force-haptic component (such as,
€.g., a haptic actuator), a MmiCToproCessor, one or more communication units {such as, e.g., an

ADC), etc.
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Ton View of the Touchpad

[6196] FIG. 14A illustrates a top view of an example touchpad of a totem. The
touchpad 1260 i FIG. 14A can include the armature 1320, the light guide 1264, and the
touch surface 1262 {which may further be broken down into interactable regions 12623 and
1262b). The light guide 1264 may be positioned on top of the light sources {e.g., LEDs} 1330
{shown in dashed lines in FIG. 14A).

[6191] Advantageously, in this embodiment, the touchpad 1260 can be divided
into three mferactable regions: the light guide 1264, the first portion of the touch surface
1262a, and the second portion of the touch surface 1262b. As described with reference to
FIGS. 12 and 13A, each interactable region may be mapped to a type of user interaction. For
example, the user can touch the light guide 1264 to move forward / backward on a browser
while swipe on second portion the touch surface 1262b to move the web content upward /
downward, The user can also swipe tn a circular wotion on the first portion of the touch
surface 12623 to move a virtual object closer {(or farther) away from the user.

[8192] Although this example includes three interactable regions, the totem may
include more or less interactable regions in other embodiments. For example, rather than
dividing the touch surface into two interactable regions {corresponding to the first portion
1262a and the second portion 1262b), the touch surface may be divided into 4 interactable
regions with each region occupies a quadrant of the touch surface. The touch surface may
also include only one infractable region. Additionally or alternatively, the hight guide 1264
may not be interactable, because for example the processor 1770 or another module of the
wearable systerm may not be programmed fo recognize the user mput from the light guide
1264 or the touch sensor 1350 does not extend underneath the light guide 1264.

[8193] The type of interactions mapped to a touch region may also be customized
based on the type of user inferactions. For exaruple, when a user is watching a television, the
touchpad may simulate a 4 way d-pad (up, down, left, right) on the light guide 1264, But if
the user is browsing a webpage, the light goide 1264 may support backward / forward user

interface operations,
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{6194} The nteractable regions can also provide visual or haptic feedback to the
user. For example, the touch surface 1262 can be contigured to provide haptic feedback while
the hight guide 1264 can provide both haptic feedback and visual feedback {(¢.g., via the Light

placement or movement patterns of the LED halo).

Lavout of Light Sources

{8195] FIG. 14B illustrates an overview of an example layout of light sources
{e.g., LEDs) associated with the touchpad. FIG. 14B shows a touchpad 1450 which has a
visible circular surface 1452 with 12 LEDs (illustrated as LED 0, LED 2 ... LED 11) on the
perimeter. These 12 LEDs can be used to represent specific information when they are litin a
specific sequence. For example, each LED may be assigned to a bit thus resulting in 3 12 bit
word. As described with reference to FIGS. 248, 204, and 208, the outward-facing imaging
system 464 of a wearable device can capture the display sequence of the LEDs. The wearable
device can then analyze the tmages and to extract information from the display sequence. The
extracted information may be used, for example, to pair the toterm with the wearable device,
calibrate the totem, etc. For example, when LEDs 0, 3, 6, 9 arc illuminated, the wearable
device may recogmize that a pairing between the wearable device and the totem is nitiated.
Accordingly, the wearable device may search for wireless (e.g., Bluetooth) devices in its
environment to determine whether there are any new devices (such as the totem associated
with the LEDs). When the LEDs are multi-colored LEDs (such as e.g.,, RGB LEDs), the
amount of information represented the LED light patterns may increase (for example, to be
more than the 12 bit word). For example, the blue light at the LEDs 6, 7, 8 may indicate that
the totem is 10 a pairing mode while the yellow light at the LEDs 6, 7, 8 may indicate that the
totem 1s 1n a charging mode.

[6196] In some embodiments, the LEDs may be divided (e.g., multiplexed) into
multiple groups that are separately iHuminated. Each group may be used to represent specific
information. FIG 148 shows four example groups (illustrated as MUX § (1454a), MUX 1
{1454b), MUX 2 (1454¢), and MUX 3 (14544d)), with each group including three LEDs. For
example, when the LEDs of MUX 1 are illuminated (e.g., the LEDs 3, 4, 5), the wearable

device may recognize that the totem is currently indicating the totem’s upward movement,
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whereas when the LEDs of MUXO are tlluminated, the wearable device may recognize that
the totem 1s rotated to the left, and so forth.

[6197] In other embodiments, a different number or layout of light sources or
multiplexed groups can be utilized and a different amount of information {e.g., a word length
different from 12 bits) may be represented by ilhuminated groups or sequences of LEDs.

{819g] As previously described with reference to FIG. 124, the light source can
emit light in the non-visible spectram (e.g., infrared or ultraviolet light). Such hight can be
captured by a wearable device and the light pattern in the non-visible spectrum can also be
used to convey the mformation from the totem to the wearable device. The mformation may
include the totem’s device information {e.g., for pairing the totem with the wearable device),
or other types of information, such as, e.g., the totem’s status (e.g., whether it is low in
battery, whether the connection is established, devices that are currently paired with the
totem, etc.).

{61991 FIG. 15 illustrates example LED layouts or patterns of light from an LED
layout. In this example, the LEDs are placed cardinally, e.g., with reference to a North-East-
South-West (NESW) coordinate system 1592, in which North may point away from the user,
South toward the user, East toward the user’s right, and West toward the user’s left, when the
totem is held in the user’s hand. The coordinate system 1592 may be rotated by a certain
degree. For example, the layouts in the column 1550 are cardinally placed with reference to a
neutral position, where the coordinate system 1592 1s not rotated. In conirast, the layouts in
columns 1570 and 1580 are votated 15 degrees clockwise from the cardinal position shown in
the NESW coordinate system 1592,

[6206] The LED layouts may be user adjustable. For example, the touchpad {or
the light guide) on the totem may be mechanically rotatable. As an example, the LED layout
of a totem may initially include a 15 degree rotation clockwise for a right-handed user.
However, when a left-handed user uses the same totem, the lefi-handed user can rotate the
touchpad 30 degrees counter-clockwise to allow better interactions the touchpad using his or
her thumb. The example layouts in the colurans 1560 and 1580 can be composed of 12 LEDs.
These LEDs can be placed adjacent to cach other, For example, the 12 LEDs can be placed

next to each other without spacing to form a circular layout as iHustrated in pattern L
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6201} In some embodiments, two neighboring LEDs may be placed with a space
in-between (as illustrated by patterns in the columns 1550 and 1570). The space may roughly
be the size of one LED. For exarnple, the patiern D shown in column 1530 and row 1540 may
include 6 LEDs where they are placed roughly in the same distance part from each other.
However, in some situations, to produce the pattern in the columns 1550 and 1570, the totem
may selectively turn off or does not include one or more LEDs. For example, the pattern D
may include 12 LEDs (rather than & LEDs) and 6 out of the 12 LEDs may not be illuminated
in pattern D. In contrast, if the user changes the user interface operations, more or fewer than
the 6 LEDs as shown in paitern D way be illumsinated. Advantageously, in some
embodiments, the totem can save on battery consumption because fewer LEDs are used (with
spacing between them) or because the LEDs can be selectively tumned off to achicve a desired
itlumination pattern (such as those shown in FIG. 15). In addition, by spacing the illuminated
LEDs apart from each other {either physically or by not illuminating some intermediate
LEDs), the user may not need to move his or her thumb to a precise location in order to
perform a certain user interface operation, which can reduce user fatigae in some situations.

16202} The LEDs may be divided mto multiple groups (see, also, the example
multiplexed groups described with reference to FIG. 14B). Rows 1510, 1520, 1530, and 1540
of FIG. 15 illustrate examples ways of grouping the LEDs. For example, layouts A and G in
row 1510 include 2 groups of LEDs with cach group being represented by a different color.
Layouts B and H tn row 1520 include 3 groups; layouts C, D, and F in row 1530 include 4
groups, and layouts D and [ include 6 groups. Each group of LEDs may have similar
characteristics, such as, e.g., similar hight patterns, similar reactions to user interactions {e.g.,
all light up at the same time), etc. Additionally or alternatively, as described with reference to
FIG. 14B, cach group of LEDs may be used to represent specific information. For example, a
wearable device may determine that the user can entered into g video recording mode when
its outward-facing imaging system captures that one or more LEDs associated with the top
arc in pattern B lights up.

[6203] Advantageously the LED layouts may be aligned to the grip divection of

the totem. Layouts A — I (highlighted 10 black) are such examples. In these layouts, when the
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user grabs the totem, the user can naturally reach the groups of the LEDs without significant
adjustments of his or her hand.

[62084] In certain implementations, only a portion of the LEDs is user-interactable.
An LED may be interactable if a user can actuate the LED (or the light guide associated with
the LED). For example, pattern E includes 4 LED groups: the top arc, the bottom arc, the left
arc, and the right arc, with each group having 3 LEDs. The user may be able to actuate the top
and bottom arcs (e.g., by depressing the light guide above these arcs), but not the left and
right arcs. However, the left and night arcs can still provide visual or haptic feedback alone or
in combination with the top and bottorn arcs. Similar considerations apply to the other
layouts shown in FIG. 15.

[6205] In addition to or in alternative physical positions of the LEDs, the patterns
in FI(3. 15 can be light patterns illuminated by the LEDs. For example, the totem can present
the pattern E by illuminating a ring of 12 LEDs while present the pattern D by iluminating
every other LEDs in the ring of 12 LEDs. As another exaruple, rather than user rotating the
touchpad or the light guide, the totem can be programmed to adjust the placement of the halo
based on whether the user s left-handed or right-handed. The toterm may display an arc at the
1 o’clock position for a left-handed user but display the same arc the 11 o’clock position for a
right-handed user. The arc may be associated with a user interface operation, such as, e.g,,
moving a webpage upward.

{6286] Although many embodiments of the user input device are described in
terms of the totemn 1200, this 1s for illustration and is not a himitation on the types of user
input device usable with the wearable system 200, For example, in other embodiments, a
display screen {or vanant thereof) may be used to display the illumination shapes and patterns
to a user. For instance, in some of these embodiments, a smart phone may be leveraged as a
totem and may display various shapes and patterns on its screen. In some cxamples, the
totem 1200 can include a display screen, which may be touch sensitive (similar to the surface
of a smart phone). In some such embodiments comprising a display screen, the use of an
iluminated light guide 1264 may be optional, since the display screen can be used to display

the illumaination patierns and transition sequences described herem,
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Exammples of Placement and Movement of Light Patterns

{62071 FIGS. 16A and 16B illustrate example placement or movement patterns of
light emissions from a halo of a totem (or other type of light-emitting user input device). As
described above, the halo may comprise an illuminated portion of the totem surrounding the
touch pad region. As illustrated in the embodiments shown in FIGS. 16A and 16B, the light
guide substantially diffuses the light emitted by individual light sources so that the halo
appears as a ring or an arc-like portion of a ring rather than individual, discrete light sources.

[0208] The placement and movement of light patterns that can be projected by the
halo can comprise one or more characteristics such as, e.g., shape, color, brightness, position,
size, movement, animation, other visual effects (e.g., blink or flash, fade in, fade out), etc.
For example, FIG. 16A illustrates four example patterns. In the pattern 1612, the halo is
shown as a light blue color with a bright pink color at the 2 o’clock position. The halo in
pattern 1614 has 4 colored arcs: yellow, green, blue, and red, which correspond to the top,
bottom, left, and right positions (respectively) of the touchpad. The patiern 1616 shows a
dark blue halo and the pattern 1618 shows a dark blue halo with a light blue arc on the top.

18209] The light placement or movement patterns of the halo can provide visual
feedback to the user and persons in the user’s environment. The light placement or movement
patterns may be determined based on contextual information, such as, e.g., a user’s
environment, a user's characteristics, mformation associated with an obiject, a process, a
component of the wearable system, a user’s interaction with the wearable system, etc.

[6210] As an example of generating a halo based on the user’s environment, an
envirormmental sensor 1710 {described below with reference to FIGS. 17A, 17B) in the totem
1200 can be a light sensor which can detect whether the user is in a light or dark
enviromment. if the user s in a dark environment, the totem 1200 can display a halo with a
brighter color (such as a white color) to help user to perceive the halo. On the other hand, if
the user s in a bright environmment, the totem 1200 may display a darker color to help the user
to distinguish the halo from ambient light in the user’s environment. As another example, ina
dark room the intensity of the light in the halo may be decreased {(e.g., a “night mode”},

because it 18 easy to percetve the illuminated halo 1n a dark environment. Conversely, in a
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bright environment {(e.g., outside in sunlight), the intensity of light in the halo may be
increased, 5o that the halo patterns are visible in the bright envivonment.

[6211] The patterns in the halo can also be based on the user’s characteristics,
such as, ¢.g., the user’s physiological data, demographic information (e.g., age, location,
occupation, preferences, etc.), and so forth. For example, when the user s playing a racing
game, the totem can display a halo corresponding to the user’s direction of driving. The color
of the halo may be red mitially. However, when the wearable system (such as, e.g., the
environmental sensor on the totem or the HMD) detects that the user’s heart rate or
respiratory rate exceeds a threshold condition, the wearable system roay determine that the
user is in an emotionally intense state. Accordingly, to soothe the user’s emotional state, the
wearable systermm may change the color of the halo from red to a blue (such as the pattern
1618, where the light blue arch iHlustrates the direction of driving).

[8212] Information associated with an object can include, for example, a
notification or an alert associated with the object, charactenistics of the object (such as, e.g., a
function, a type, a location, a shape, an orientation, etc.), and so forth. As an example, the
object may be a virtual email application that s displayed to the user by the HMD. A new
ematl received by the virtual email application may be mdicated to the user by a halo having
an irtdescent light pattern on the totem. As another example, the halo may be an indication of
whether an object is perceivable in the user’s environment. For example, in a treasure hunt
game, the halo may correspond to a location of the treasure. If the treasure is located in the
front right position of the user, the totem may display a halo at the 1 o clock position of the
light guide (see e.g., pattern 1612). As yet another example, if an object is not interactable by
the user, the wearable systern may be configured not to display the halo.

[6213] As described with reference to FIGS. 20A — 21E, the halo can also be used
to guide a process or to indicate the status of a process. For example, the wearable system can
apply a computer vision algorithm to analyze the placement of the halo for pairing the totem
with another device. The wearable system can also analyze appearance of the light patterns
using the computer vision algorithm to calibrate the totem 1n a user’s environment. When the
paining or the calibration status is complete, the totem may display the pattern 1616 to

indicate to the user that the process has been completed.
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[6214] The halo can further be used to indicate information associated with a
component of the wearable system. For example, the totem may be used to locate a battery
pack that is used to provide power to the wearable device. In this example, the battery pack
may include an electro-magnetic emitter while the totem may include an electro-magnetic
sensor. The electro-magnetic sensor can detect the magnetic field generated by the electro-
magnetic emitter and calculate the relative positions between the totem and the battery pack
accordingly. The halo as displayed by the totem can correspond to the relative positions
between the totem and the battery pack (to help the user to find the battery pack). For
example, a halo with a large arc at the 3 o’clock position may indicate that the battery pack is
near the user and to the user’s right. However, a halo with a small arc at the 3 clock position
may indicate that the battery pack is far away from the user but it is still to the user’s right.
As another example, when the power of the wearable device is low, the totem may display a
halo with a small arc indicating that the battery is about to die. Although described in terms
of a battery pack, any component of the wearable system or otherwise {e.g., a user’s car keys)
can inchude an electromagnetic emitter that can be tracked by the totem, which can iHluminate
the halo to assist the user in finding the component.

[6215] The halo can also provide an indication of a user’s inferaction with the
wearable system. Advantageously, this indication may inform a person in the user’s
environment of the user’s current interactions. For example, when a user is recording a video,
the halo may be flickering in red. Accordingly, a person next to the user will be able to see
this flickering red light pattern and know that he or she should not interrupt the user’s video
recording experience. As another exaruple, when a user wins a level in a game, the halo
might light up with the same colors as the level of the game to show to the user’s friends that
the user has passed the level.

[6116] In addition to or in alternative to visual feedback, the halo can guide user
interactions. For example, the halo may show 4 arcs (top, bottom, left, and right) with
different colors {(as ilustrated by the effect 1614} to indicate that the user can use the
touchpad of the totem as a d-pad. As another example, while a user 1s watching a television
program using the display 220, the totem may present the halo pattern 1662 n FIG. 16B. In

the pattern 1662 includes a red arc and a blue arc. The arc length for the red arc and the blue
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arc may be approximately 0.25n. However, when the user actuates the totem (such as by
tapping the touch surface of the totem), the totem may present a fade-in effect (as llustrated
by process 1 in FIG. 16B) of the arcs. As a result of the fade-in effect, the length of the red
arc and the blue arc may be increased from approximately 0.25x to 0.75n as shown in the
pattern 1664, The brightness of the red and blue arcs may also increase due to the fade-in
effect. This increased brighiness and arc lengths may provide user with a clearer indication
that the user can swipe leftward or rightward on the touch surface. But when the totem
detects that the user has not interacted with the totem for a threshold duration of time. The
totem may present the fade-out effect as illusirated by process 2 in FIG. 16B. Accordingly,
the halo is changed from the patiern 1664 to 1662. As a resulf, the size of the arcs and the
brightness of the arcs will decrease. Advantageously, by reducing the size of the arcs and the
brightness of the arcs, the totem may reduce the battery consumption when the user is not
interacting with the totem.

[6217] In some embodiments, the totem 1200 can present the halo v conjunction
with haptic, audio, visual, or other effects to provide information associated with contextual

information or to guide a user’s interaction.

Other Components of the Totem

{8218] FIGS. 17A and 17B illustrate examples of components of a fotem 1200.
The example totem 1200 can include a touchpad 1260 (which can include a touch surface
1262 and a light guide 1264), a trigger 1212, and a totem body 1214 as described with
reference to FIGS, 12A and 12B. The hght gude 1264 may comprise user-interactable
regions {e.g., touch sensitive} and may at least partially or completely surround the touch
surface 1262, The totem 1200 can also include a vanety of components, at least some of
which may be disposed inside the body 1214 of the totem. These components will be
described further below and can include an environmental sensor 1710, a battery 1720, a
near-field communication (NFC) interface 1732, a network interface 1734, a haptic actuator
1760, and a processor 1770. A connection interface 1222 can be disposed at the bottom of the
body 1214 to, for example, removably attach the totem 1200 to a base. The connection

interface 1222 can be used to provide electrical power to charge the battery 1720 and to
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provide a communication hink between the components of the totem and external devices

{e.g., a computing device).

Bumper

{8219 The totem 1200 can include a button 1266 (referred to as a bumper) that in
the example shown in FIG. 17B 1s located at the front end of the totem, above the trigger
1212 and below the touchpad 1260. The bumper 1266 may provide an ergonomically
comfortable place for the user to rest his or her forefinger. The bumper 1266 can comprise a
touch sensitive surface implemented as, e.g., a depressible button, a capacitive touch sensor, a
force-haptic element, etc.

[6226] In the example shown in FIG. 17B, the user can actuate the totem 1200
primarity using three fingers, e.g., the thumb to actuate the home button 1256 or the touchpad
1260, the forefinger to actuate the bumper 1266, and the middie finger to actuate the trigger
1212, Such a three-finger accuatable totern can permut the wuser to rapidly and efficiently
provide user input without excessive and tiring use of just one finger (as may occur with
mouse setups for desktop computers). The different buttons 1212, 1256, 1266 can provide
different functionality, e.g., depending on whether a user is working within an application,
scrolling through an application launcher, selecting objects in the environment, etc. In some
cases, a user may use just the forefinger to switch back and forth between pressing the
bumper or pulling the trigger.

{8221] As examples of bumper functionality, tapping the buraper while the user is
looking at an application can bring up an options menu for that application, while long
pressing the bumper can activate a manipulation sequence for virtual objects in the
environment. For example, a long hold of the bumper can grab an object, and a long press on
the bumper while pointing the totem 1200 toward the object can activate direct manipulation
of the object {e.g., to move or re-orient the object). Tapping the bumper (or pulling the

trigger) in a manipulation sequence can end the sequence.
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Environmental Sensors

[6222] An environmental sensor 1710 can be configured to detect objects, stimul,
people, animals, locations, or other aspects of the enviromment around the user. The
environmental sensors may include image capture devices {e.g., cameras), microphones,
IMUs, accelerometers, compasses, global positioning system (GPS) units, radio devices,
gyroscopes, altimeters, barometers, chemical sensors, humidity sensors, temperature sensors,
external microphones, light sensors {e.g., light meters), timing devices {(e.g., clocks or
calendars), or any combination or subcombination thereof. In some embodiments, the
environmental sensors may also include a variety of physiological sensors. These sensors can
measure or estimate the user’s physiological parameters such as heart rate, respiratory rate,
galvanic skin response, blood pressure, encephalographic state, and so on. Environmental
sensors may further include emissions devices contigured to receive signals such as laser,
visible light, invisible wavelengths of light, or sound (e.g., audible sound, ultrasound, or other
frequencies). In some embodiments, one or more environmental sensors {e.g., cameras or
light sensors) may be configured to measure the ambient light {e.g., luminance) of the
environment {e.g., to capture the lighting conditions of the environment). Physical contact
sensors, such as touch sensors, strain gauges, curb feelers, or the like, may also be included as
environmental sensors.

18223] The mformation acquired by the environmental sensor 1710 may be used
to determine the light placement or movement patterns of the halo displayed on the totem.
For example, the environmental sensor can determine the relative positions between the user
and a physical object in the user’s environment using a GPS sensor or an electro-magnetic
sensor {for detecting an electromagnetic signal associated with the physical object). The
totem may present a halo whose placement can correspond to the location of the physical
object. For example, if the object s in front of the user, the totem can present a halo in the 12
o’clock direction on the light guide 1264,

[8224] Additionally or alternatively, the information acquired by the
environmental sensor 1710 can be used for one or more user interface operations. For
example, the totem 1200 can detect the totem’s 6DOF movement using the IMUs, For

example, when the user rotates the totem 1200 while playing a game, an avatar {or other
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virtual object) controlled by the user (and displayed to the user via a wearable device) can
rotate accordingly based on the movement data acquired by the IMUs. Additionally or
alternatively to moving or rotating the totem 1200, the user can provide input on the touchpad
1260. For example, movement of the user’s thumb toward or away from the user (e.g., along
the long axis of the totem) can move the virtual object toward or away from the user.
Movement of the user’s thumb in a transverse direction back and forth on the touchpad 1260
can scale the size of the virtual object {(e.g., from larger to smaller or vice versa) or rotation of
the user’s thumb arcund the touchpad can rotate the virtual object.

{8225] Although in this example, the environmental sensor 1s located on the totem
1200, in some embodiments, the environmental sensor may be located at other components
of the wearable system described herein, For example, an environmental sensor {such as a
camera or a physiological sensor) may be part of the display 220 of the wearable system 200
{shown in FIG. 2}.

Battery

{6226} The battery 1720 stores electric power for the totem 1200, The totem can
determine the current status of the battery 1720 using the processor 1770. For example, the
processor 1770 can measure and calculate the amount of power left in the battery 1720,
whether the battery 1720 is currently being used, and the remaining life of the battery 1720
{such as when the battery 1728 will need to be replaced). As further described in FIGS. 21A -
21E, the current status of the battery 1720 may be visualized via visual feedback presented on
the light guide 1264, the home button 1256, an LED power indicator located on the botiom
portion 1244 (e.g., shown in FIG. 12A) of the totem body 1214, or the display.

[8227] The totem 1200 can also determine the power consumption level of the
totem using the processor 1770, For example, the totem can estimate the power consumption
based on the estimated current required to output a certain light signature. The light signature
may include a certain light placement or movement pattern of a halo associated with an
indication of a process, a status, an object, or a user interaction. As an example of estimated
electric currents associated with light signatures, the totem 1200 may require 5.6 mA to

perform a 3 or 6 DOF calibration; 48 mA to find an object in the user’s environment or to
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indicate a direction; and 54 mA to perform a wireless (e.g., Bluetooth) pairing. As another
example of estimated currents for hight signatures, 14.85 mA of the current may be consumed
to provide an indication that the battery is less than 15%; 21.6 mA may be used to mndicate
that the totem is in a sleep mode or in an idle state; and 72.4 mA of current may be supphied
to provide incoming notifications {such as, e.g., of new messages).

{6228] These estimated electric cwrents are merely examples. The specific
amount of electric power needed may depend on various factors such as the type of LEDs
used, the color of the LED, the placement and movement light patterns of a halo, etc. For
example, the totem battery 1720 way drain 2 hours faster if every RGB LED of the touchpad
1260 s set to display white at 100% brightness all the time rather than displaying green at
100% brightness. This is because when an RGB LED displays green, only 1/3 of the LED
{c.g., the green LED in the RGB LED) is utilized but when an RGB LED displays white, all
LEDs in the RGB LED) are utilized.

[6229] To reduce the overall power consumption, the LEDs (particularly the
LEDs that are interactable) may be spaced apart 50 as to reduce the total nursber of LEDs on
the touchpad. For example, the totem may employ the layouts shown in the columns 1530
and 1570 in FIG. 15, Advantageously, in some embodiments, by spacing the LEDs apart, the
power consumption may be reduced by up to 50%. The specific amount of reduction of the
power consumption may depend on the layout of the LEDs. For example, the pattern D in
FIG. 15 may have lower power consumption than the pattern A because pattern I3 has fewer
LEDs being illuminated. As another example for reducing the power consumption, the totem
can run the LEDs with less brightness (such as, e.g., at < 40% brightness).

[6230] The toterm can manage the power consumpiion based on the objects that
the user is interacting. The totem can turn off the LEDs that do not have an active user
intertace option. For example, the {otem may simulate a d-pad using LED layout E shown in
FIG. 15, However, during a game, the downward button may be disabled at a certain level
Accordingly, the totem may be configured not to display the bottom arc. Additionally or
alternatively, the totem can manage the power consumption based on the status of the totem,

the display, or other components of the wearable system. For exaraple, the totem can tum the
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halo off after detecting a certain amount of inactivity, The totem can make such detection by
calculating the amount of movement data of the totem acquired by the IMUL

16231} In some embodiments, the wearable system may include a battery pack
which may be attached to the user (such as, ¢.g., at the user’s waist). The battery pack may be
connected to the totem or the wearable device to supply power. The battery 1720 may be part
of the battery pack or may be used in connection with the battery pack to supply electricity to

the totem 1200.

Near-Field Commumication (NFC) Interface and Network Interface

j6232] The NFC mterface 1732 and the network interface 1734 can be configured

to allow the totem fo pair or communicate with a target object, such as ¢.g., another totem {or
other user input device), a wearable display, a personal computer, a headphone, a key, a
server, or another physical object. The NFC interface 1732 can be used for short-range
wireless communications (such as when toterm is 1n 10cm or less distance from the target
object). In some embodiments, the NFC employs electromagnetic induction between two
loop antennas when NFC-enabled devices—for example a totem and an HMD—are
positioned close fo each other (within about 10 cm) and wirelessly exchange information.
This exchange of information may be operated within the globally available unlicensed radio
frequency ISM band of 13.56 MHz over an ISO/IEC 18000-3 air interface at rates ranging
from 106 to 424 Kbit/s. A variety of communications protocols and data exchange formats
may be used for the NFC. Some non-limiting examples include: ISO/IEC 14443 and Felicia,
ISO/ICE 18092, the standards defined by the NFC Forum and the GSMA group, etc.

[6233] The network interface 1734 can be configured fo establish a commection
and communicate with the target object via a network. The network may be a LAN, a WAN,
a peer-to-peer network, radio frequency, Bluetooth, Wi-Fi, a cloud based network, or any
other type of communication network.

[6234] For example, the totem and the wearable device may be paired using a
wircless communication protocol such as, e.g., Bluetooth Low Energy (BLE). BLE may be
advantageous in some embodiments because it can maintain bandwidth during BLE audio

streaming. As further described with reference to FIGS. 20A — 20C, various techniques may
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be used to pair the wearable device with the totem. For example, the wearable system can
detect a certain light pattern presented by the totem by analyzing wmages of the fotem
obtained by an outward-facing camera. The detection of the light pattern can trigger the
wearable system to start the pairing process, During the pairing process, the user may interact
with the wearable display via a dialog box or user interface (U1} wizard to specify the settings
and parameters associated with the totem, the wearable display, the type of information
shared between the totem and the wearable display, the type of communication channel, etc.
{6235] Although in this example, the NFC interface 1732 and the network
interface 1734 are 1llustrated as separate components, i some embodiments, the NFC
interface 1732 and the network interface 1734 may be part of the same communication device

or Systert,

Haptic Actuator

[6236] The totem 1200 can include a haptic actuator 1760. As described with
reference to FIG. 124, the haptic actuator 1760 can provide a haptic feedback to the user.
One or more haptic actuators 1760 may be implemented in the totem 1200. A haptic actuator
may be located at the tngger 1212, the touchpad 1260, or the totem body 1214,

{82371 The haptic feedback may be provided based on the user’s interactions, the
contextual nformation associated with an object or the user, status of the totem or other

components of the wearable device, etc.

Processor

[6238] The hardware processor 1770 can be configured to process data acquired
by the environmental sensor 1718, The processor 1770 can also receive from and send data to
another device (such as the wearable display or another paired device) via the NFC interface
1732 or the network interface 1734, The processor 1770 can analyze these data to determine
the placement or movement patterns of the halo at a given time. In some embodiments, the
processor 1770 may work in conjunction with another computing device (such as, ¢.g., the
wearable device, a remote server, or a personal computer) to analyze. For example, the

processor 1770 may detect the user’s movement using the environmental sensor 1710, The

-5



WO 2018/201067 PCT/US2018/029988

processor 1770 can pass the user’s movement data to the local processing and data module
260 or the remote processing wodule 270 for further analysis. The processor 1770 can
receive the result of the analysis from the local processing and data module 260 or the remote
processing module 270. For example, the processor 1770 can recetve information on the
position and movement {rajectory of a competitor in a game. Based on this information, the
processor 1770 can instruct the LEDs emit lights for displaying a halo corresponding to the
position and movement trajectory of the competitor.

{68239] The hardware processor 1770 can process various user inputs from the
user’s actuation of the totern 1200, For example, the hardware processor 1770 can process
user inputs on the touchpad 1260, the trigger 1212, the home button 1256, the bumper 1266,
etc., as described with reference to FIGS. 12A — 17B.  As an example, the hardware
processor can detect a user’s hand gesture on the touchpad 1260 by processing signals from
the touch sensors. As described herein, the hardware processor 1770 can process the user’s
input and instruct other components of the totem 1200 (such as, e.g., the LEDs or the actuator

1760) to provide an indication of the user’s actuation of the totem 1200,

Connection Interface

[6244] As described with reference to FIG. 12A, the connection interface 1222
may be used to establish a connection with another device. The connection may be a wired
connection. For example, the connection interface 1222 may comprise a USB connector. The
connection interface 1222 may also comprise a USB port, such as, e.g., a USB-B type pott,
USB-A type port, a micro USB, or USB Type C port, eic. The connection mnterface 1222 can
also include a power cord for connecting to a power source for charging.

{8241} The example components illustrated in FIGS. 17A and 17B are not
limiting examples, and the totem 1200 can include fewer or more or different components
than illustrated. For example, the totem 1200 may not have an NFC interface 1732. As
another example, the totem 1200 can include an optical emitter configured to emit a hight
{such as an infrared light) or an electro-magnetic ermitter configured to generate or sense a

magnetic field {(e.g., used for electromagnetic tracking), etc. As yet another example, the NFC
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interface 1732 and the network interface 1734 may be part of the same communication

system,

Exammles of Configurning Placement and Movement of Light Patterns of a Halo

[6242] The illuminated halo described herein can be customized by a user of a
wearable system, a developer, or another entity. For example, the user of the wearable system
can set preferences associated with the placement and movement of light patterns of the halo.
The preferences may be associated with the contextual information described with reference
to FIGS. 16A and 16B. As an example, the user can set the color of a halo associated with a
system notification (such as a low battery status) to blue while setting the color associated
with a game object to red. The user can set his or her preferences via the wearable device
alone or in combination with the totem. Based on the user’s preferences, the totem can
automatically present the illuminated halo when a user interacts with the wearable system. In
some sttuations, the user can turn off the Hluminated halo by actuating the totem (such as the
trigger 1212 shown in FIG. 12A) or via poses. For example, the outward-facing imaging
system 464 can capture a hand gesture of the user associated with turning off the halo. The
wearable system can recognize the hand gesture from the images acquired by the outward-
facing imaging system using a compuier vision algorithm and accordingly instruct the totem
to turn oft the illuminated halo.

{6243] The placement and movement light patterns of the halo can also be
contfigured using an application programming interface (API). FIGS. 18A — 18D illustirate an
example programming interface for configuring light placement or movement patterns of a
halo, The API can be interacted with by a user or developer to set the light patterns of the
halo of the totem. FIG. 18A shows an API that includes a visualization 1802 of a totem. The
visualization 1802 of the totemn includes an image of a halo 1810 displayed on a visualized
touchpad 1804. In this example, the length of the halo 1810 15 set to be 0.25, which can be
about a quarter of the top circumference of the visualize touchpad 1804. The end points of
the halo 1810 are at the 12 o’clock position and the 3 o’clock position.

[6244] The programming interface 1800 can inchude an application bar 1830, The
application bar 1830 can include the types of applications for which the light patterns of the
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halo are configured. For example, in FIG. 184, the user of the programming interface 1800 is
configuring the light patterns associated with a game application. The user can also configure
the hight patterns associated with a web application, a system application, a scene {such as,
e.g., the locations of the objects in the environment), a user’s characteristics (such as, e.g.,
associating the pattern of a halo based on whether the user’s right-handed or left-handed), and
S0 On.

{8245] The programming interface 1800 can also include an arc configuration tab
1820. The arc configuration tab 1820 can include various options for configuring the shape
{e.g., arcs, rings, etc.}), size {e.g., angular arc length), color, visual effects, or orientation {e.g.,
N, S, E, or W) of the halo. Visual effects can include fade-in, fade-out, flash, blink, clockwise
or counter-clockwise rotation, etc. For example, the programming interface 1800 can
associate the halo 1810 (or a portion of the halo) with a fade-in or fade-out effect. The
programming interface 1800 can also change the arc length, for example, from 1/4 of the
circumference to 3/4 of the circumference of the halo. It can also change the rotation of the
halo 1800 {(e.g., from clockwise to counter-clockwise) or change the location of the halo 1800
{e.g., from the top right comer to the bottom right corner of the touch surface).

[8246] As an example of configuring in light placement or movement patterns of
the halo using the arc configuration tab 1820, FIG. 18B shows an cxample halo 1812 when
the length of the arc is set to be -0.25. In this example, the length of the arc in halo 1812 15
about 3/4 of the circumference of the touch surface. The end points of the halo 1812 are at the
9 o’clock position and the 6 o’clock position.

{8247} The programuming interface 1800 can also mnclude a color selection tool
1830 shown in FIG. 18C. The color selection tool 1830 can include a search bar 1832 in
which a user of the programming interface can input the color of the halo. The color of the
halo may be input in the format of Hypertext Markup Language (HTML) color code. The
color selection tool 1830 can also include a color adjustment panel 1834 1n which the user
can adjust the saturation, brightness, and hue of a color. The color selection tool 1830 can
also include an RGB tool 1836 which can select the color based on the relative ratio among
RGB and the black/white color, The user can use a pointing device {(e.g., a mouse) to select

color, saturation, brightness, hue, etc. from the panels of the color selection tool.
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[6248] In the exarple shown in FIG. 18C, the user has set the color of the halo
1814 to blue. The user can also change the color of the halo 1814 using the color selection
tool 1830 or adjust the saturation, brightness, or hue of the sclected color using the color
adjustment panel 1834, In some embodiments, the color of the halo may be preset, e.g., based
on a theme or style sheet. The wearable system may preset the color based on a system
default color or based on contextual information. The user of the programming interface 1800
can change or adjust the preset color using the color selection tool 1830.

{6249] FIG. 18D illustrates another portion of the programming interface 1800,
which includes a visualization {ab 1842, a source code tab 1844, and a pattern adjustment
tool 1850.

[8256] The pattern adjustment tool 1850 can be used configure the halo. For
example, the user of the programming tool can adjust the sliders associated with the arc
length, rotation, and color to provide various visual effect of a halo. The user can also adjust
the position and rotation of the halo by setting an x, v, z coordinate values halo (as illustrated
in the transformation tab 1852). The user can also adjust the highting and movement effects
associated with the totem, such as the fade-in/fade-out effect.

{6251]) The visualization tab 1842 may be used to visualize one or more effects of
the halo created by the pattern adjustment tool 1850, the arc configuration tab 1820, or the
color selection tool 1830. As an example, the visualization tab 1842 may be associated with
the visualization 1802 of the totem. When a user of the programming tool 1800 selects the
visualization tab 1842, the programming tool 1800 may show the visualization 1802 of the
totem so that the user can directly perceive the effect of the updates to the halo.

[6252] The source code tab 1844 includes source codes associated with the
placement and movement light patiemns of the totern. For example, when the user of the
programmng tool 1800 configures the halo using the arc configuration tab 1820, the color
selection tool 1830, or the pattern adjustment tool 1850, the source codes may be
automatically updated based on the user’s selection. The source codes (or the executable
version) can be communicated to the totem using a wired connection {e.g., via the connection
interface 1222} or a wireless connection {¢.g., via the network interface 1734). Additionally

or alternatively, the source codes {or the executables) can be stored in the totem or the head-
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mounted device (such as, e.g., in the local processing & data module 260), which may be
used to generate analog signals to control the hight patterns of the LEDs 1330,

[6253] In some embodiments, a halo may be composed of multiple arcs (sec
example halo pattern 1614 in FIG. 16A). The programming tool 1800 can allow a user to
configure each arc using the techniques described herein, The pattern adjustment tool 1850
shown in FIG. 1812 can be used alone or in combination with the arc configuration tab 1820
and the color selection tool 1830 to configure the halo.

[8254] Although the examples mn FIGS. 18A — 18D are described with reference
to configuring the light placement or movement patterns of the halo, similar techniques can

also be used to configure haptic, audio, visual, or other effects.

Exammples of Totem Calibration with a Halo

[6255] User input devices (such as the totem described herein) may require
calibration to mmimize errors and to improve user interaction experiences. For example, the
IMUs of the totem may need to be calibrated to accurately detect and respond to the user’s
movement of the totem. The calibration is normally done at the time of manufacture {(e.g.,
when the totem or the IMUs are manufactured). Post-manufacture calibration may be difficult
because a user may not have a controlled and precise calibration system as the manufacturer
of the totem has. However, it may be beneficial for a user to perform post-manufacture
calibration because the degree of the user’s motion may vary. For example, one user may
move his or her arm to a greater degree than other users when the user sways his or her totem,
In addition, it may be advantageous to provide a customized user experience so that the totem
can have varying degrees of responsiveness tailored to different users, Some users may prefer
a more sensitive totem {which may be responsive to a slight movement) while other users
may prefer a less sensitive totem (which may not be configured to perform a user interface
operation when there is a slight movement).

[6256] The wearable system and the totem described herein can advantageously
support post-manufacture calibration without requiring the user to use the calibration system
of the manufacturer. The totem can display a halo. When the user moves the fotem 1200, the

outward-facing imaging system 464 of the wearable system can capture an image of the totem
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and the iHluminated halo. The shape of the halo as captured by the outward-facing imaging
system 464 may be different based on the position and orientation of the totern. The wearable
system can use object organizers 708 to identify the shape of the halo and accordimgly
determine the position and orientation of the totem. To calibrate an IMU of a totem, for
example, the position and orientation of the tofem as determined based on the images
acquired by the outward-facing imaging system 464 can be compared with the position and
orientation captured by the IMU. The wearable system can correct the IMU of the totem
based on the comparison.

{82571 FIG. 19A illustrates an exaraple of totern calibration using an luminated
halo. The example in FIG. 19A is described with reference to calibrating a totem 1900 but
this is for illustration and is not imnfended to be limiting. The totem 1900 can have 3 degrees
of freedom in this example. The 3DOF totem 1900 can include a circular touch surface 1962
and a circular light guide 1964 surrounding the touch surface 1962. The light guide 1964 can
display a circular halo. The 3DOF totem 1900 can be an example of the totem 1200 described
herein. Accordingly, the touch surface 1962 can be an example of the touch surface 1262 and
the light guide 1264 can be an example of the light gwide 1264,

[6258] In this example FIG. 19A, various poses (e.g., poses 1910, 1920, 1930,
and 1940} of the totem are shown. A pose of a totem can include an orientation and a position
of the totem. For example, the pose 1920 indicates that the user has pointed the totem
downward. The pose 1930 shows that the totem is pointed to the right and the pose 1940
shows that the totem faces the top-right position. The pose 1910 may be a fiducial posttion
which is associated with the natural resting position of the toter.

[6259] Durning a calibration process for an IMU of the totem, a wearable system
can use ifs outward-facing imaging system 464 to capture an image of the user’s
environment. The image of the user’s environment can include an image of the totem. The
object recognizer 708 of the wearable system can apply a computer vision algorithm to
identify the totem i the captured image. The object recognizer 708 can also apply a
computer vision algorithm fo identify the shape of the halo o the image. The wearable
system can determmne the position and orientation of the totem based on the shape of the halo

alone or in combination with the image of the totern body. For example, the wearable system
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can identify a shape associated the fiducial position and calculate the changes to the shape
associated with the fiducial position. Based on the changes to the shape associated with
fidacial position, the wearable systern can determine the changes of the totem’s position and
orientation based on the fiducial position. For example, a halo having the shape of a circle
can be changed the shape of an ellipse if the normal to the circular shape points in a direction
that is not directly toward the imaging camera. The wearable system can accordingly
determine the current position and orientation of the totem based on the changes to the
fiducial position.

{6268] As an example, the lluminated halo shown by the hight guide 1964 can
have a circular shape when the totem 1900 is at the fiducial position (as shown by the pose
1910}, In addition, the outward-facing imaging system 464 may not perceive the body of the
totem 1900 when the fotem is at the fiducial position. With reference to the pose 1940, the
wearable system can identify that a portion of the totem’s body in a diagonal position based
on the images acquired by the outward-facing imaging system 464. The wearable system can
also identify that the illuminated halo at the pose 1940 of the totem has appears {0 have an
elliptical, rather than a circular shape. Based on the observations of the totem body and the
halo {among other possible information), the wearable system can determune that the totem is
tilted to the night and is facing up. As another example, the shapes of the halos at poses 1920
and 1930 can both be ellipses. However, the major axis of the halo at the pose 1930 isin a
vertical direction {(and the minor axis at the pose 1930 is in a horizontal direction) while the
major axis of the halo at the pose 1920 is in a horizontal direction (and the major axis at the
pose 1920 is in a vertical direction). Therefore, the wearable system may determine that the
totem 1s positioned horizontally (e.g., facing left or night) at the pose 1930 and determine that
the totem is positioned vertically {e.g., facing up or down) at the pose 1920,

[6261] The fiducial position may be defined by the wearable system. In this
example, the fiducial position is defined to be associated with the pose 1910. In other
examples, the fiducial position may be associated with other poses {such as poses 1920,
1930, 1944, etc.) of the totem. Although in this example, the halo appears to be a circle at the
fiducial position, the totem can tlluminate other Hght patterns for totem calibration, which the

wearable systern can detect and analyze. For example, the totem can illununate a square
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shape, a triangle {e.g., with 3 arcs swrounding the touch surface of the fotem), a pattern of
overlapping line segments (having for example cross-shaped arcs or ‘x° shaped arcs), and so
on. In certain ernbodiments, the hight patterns may also inchude arcs with multiple colors
{which may be usetul for calibrating the totem with more degrees-of-freedom, such as, e.g., a
6DOF totem). For example, where the light pattern includes cross-shaped arcs, the totem can
illuminate the light patterns as illustrated in FIG. 258B. The outward-facing imaging system
464 and the object recognizers 702 can use the similar techniques to determine the position
and orientation of the totem regardiess of the light patterns of 3 halo.

{6262] The wearable system can also receive data related to the fotem’s position
and orientation from the IMU, For example, the wearable system can calculate the totem’s
orientation based on the data acquired from a gyroscope in the fotem. The position and
orientation data acquired by the IMU can be compared with those calculated based on the
images of the totem. The wearable system can calibrate the IMUs based on this comparison.
For example, the wearable system may determine that the totem 1900 is at pose 1940 based
on the data acquired by the IMU. However, the position of the totem 1900 as observed by the
wearable systemn may actually be at the pose 1930, Accordingly, the wearable system can
associate the position and orientation observed by the IMU with the pose 1930 (as observed
by the outward-facing imaging system 464) to calibrate the IMUs, In some embodiments, as
an addition or alternative to calibrating the IMUs, the wearable system may store a calibration
conversion {e.g., a lookup table} that corrects IMU readings so that they represent the
calibrated (rather than raw) reading.

{68263] To facilitate the calibration process, a halo may be used to guide a user to
move the totem to a certain pose {e.g., position or onentation). The wearable system can
accordingly acquire the position or orientation of the totem using the outward-facing imaging
system and the IMU. FIG. 19B ilustrates an example of totem calibration where the light
patterns are used as a guide for user movement. For example, the totem can show the patterns
1972, 1974, 1976, 1978. These patterns can correspond to MUX 2, 0, 1, 4 shown in FIG.
14B. For example, LED 3, LED 4, and LED 5 in MUX 1 may light up to show the pattern
1976.
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[6264] During a calibration process, the totem presents the pattern 1972 to
indicate to the user to move the totem rightward and presents the pattern 1974 to indicate to
the user to move the totem leftward. When the fotem presents the pattern 1976, the user can
move the totem upward, but when the totem presents the pattern 1978, the user can move the
totem downward, Once the fotem (or the IMU) has been calibrated, the totem can present the
pattern 1980 which shows a solid blue color forming a circular shape around the totem’s
touch surface. In addition to or in alternative to the pattern 1980, the totem can also employ
other mdications o show that the totem (or the IMU) has been calibrated. For example, the
totem can provide a vibration {(e.g., via the actuator 1760} or a sound {e.g., via the speaker
240). As another example, the totem can provide other visual indications, such as a fade-in or
fade-out effect, a portion of a circular halo, or other visnal schemes. In some embodiments,
the totem (e.g., the processor 1770) can instruct the LEDs to stop illuminations when the
calibration is completed.

[6265] Although FIG. 19A 1s described with reference to calibrating an IMU in a
3DOF totemn 1900, simular technigues can also be used to calibrate a 6DOF totem or other
types of user input device.

{6266} Process 1982 in FIG. 19C illustrates another example of the calibration
process. The patterns 1984a, 1984b, 1984c, and 1984d indicate the cwrent
position/movement that the totem is currently calibrating. For example, the pattern 1984a
{which shows an arc on the top of a circular touchpad) can indicate that the totem is currently
calibrating itself associated with an upward movement while the pattern 1984b (which shows
an arc on the bottom of a circular touchpad) can indicate that the totem is currently
calibrating itself associated with an downward movement. As another example, the pattern
1984c¢ (which shows an arc on the right of a circular touchpad} can indicate that the totem is
currently being calibrated with respect to a rightward movement and the pattern 1984d
{which shows an arc on the left of a circular touchpad) can indicate that the totem is currently
being calibrated with respect to a lefiward movement.

[6267] In some embodiments, the patterns 1984a, 1984b, 1984¢, and 1984d may
be triggered due fo user interactions. For example, if the user moves the toterm rightward, the

totem can display the halo 1984d and accordingly calibrate the totem associated with this
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rightward movement., Additionally or alternatively, as described with reference to FIG 19B,
the patterns 1984a, 1984b, 1984c¢, and 1984d can automatically be lit up to guide the user to
move the totem to a certain pose.

{8268] Once the totem has calibrated on all four directions (left, right, up, and
down), the totem can present a confirmation pulse. The confirmation pulse may include
displaying the patterns 1986a and 1986b in alternate. For example, the totem can change halo
from the pattern 1986a to the pattern 1986b (and verse vice) every 0.1 second.

{6269] Although FIGS, 19A and 198 are described with reference to calibrating
an IMU, similar techniques can also be used to calibrate other environmental sensors 1710.

[6276) In addition to or in alternative to guide a user through a totem calibration
process, similar techniques can be used to calibrate a user’s interactions with a specific
object. For example, when the user starts to play a game, the light placement or movement
patterns of a halo may be used to guide the user through a tatorial process. As an example,
when totem shows the pattern 1984c, the user can move the totem leftward and the display
can accordingly show a leftward movement of an avatar. The user can also associate the
totem’s movement with a particular user interface operation. For example, the user can
perceive his or her avatar is in a running action after the avatar is created. The user can move
the totem forward {(away from the user) to set the forward movement of the totem to be
associated with the running action.

{8271} In some embodiments, the light placement or movement patierns of the
halo may be different based on the type of calibration. For example, a halo may be in a blue
color when the IMU is calibrated while may be a green color when the user is configuring the

movement of the totems for a game.

Exammple Processes of Totem Calibration

16272} FIG. 19D illustrates an example process 1990 of totem calibration using
light patterns associated with a halo. The example process 1990 can be performed by the
wearable system (such as, e.g., the local processing & data module 260 or remote processing

module 270), alone or in combination with the totem.
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[6273] At block 1992a of the example process 1990 in FIG. 19D, the wearable
systemn can receive an image of a user’s environment. The image may be acquired by the
outward-facing imaging system 464 shown n FIG. 4.

{6274] At block 1992b, the wearable system can analyze the image to identify a
totem {or a halo} in the umage. The totem can include a body and a light guide. The light
guide may be configured to display a halo. The wearable system can use the object
recogmzers 708 described with reference to FIG. 7 to identity the totem, the body of the
totem, a halo, or the light guide. The object recognizers 708 may use compuier vision
algorithms to perform such identification.

[6275] At block 1992¢, the wearable system can determine a first position of the
totem. The first position may be a fiducial position. The fiducial position may be pre-defined
by the wearable system, such as, e.g., the natural resting position of the totem. The fiducial
position may also be identified or changed by the user. For example, a user may define the
fiducial position to be the position associated with the pose 1910, The wearable system can
determine a first light pattern of the halo associated with the fiducial position. The pattern
associated with the fiducial position may be previcusly stored by the wearable system. In
some embodiments, once the wearable system identifies the fiducial position, the wearable
system may prompt a notification to the user requesting the user to hold the totem at the
fiducial position and the wearable system can accordingly capture an image of the totem at
the fiducial position.

[6276] At block 1992d, the wearable system can identify a second pattern of the
halo based at least partly on an analysis of the image. The wearable system can analyze the
image and identify the pattern using the object recognizers 708,

[6277] At block 1992e, the wearable system can determine a first change to the
totern’s position and orientation with the respect to the first position. For example, the
wearable system analyze the change to the halo’s pattern based on the patftern associated with
the fiducial position and the pattern acquired by the outward-facing imaging system when the
totem 18 at the updated position. In addition to the image analysis, the wearable system can
also identify the second pattern of the halo or calculate the first change to the totem’s position

and orientation based on other information, such as the user interactions or data from one or
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more environmental sensors which are not being calibrated. For example, the user can
provide an indication to show the change to the totews’s position and orientation. The
indication can be via poses or the user input device 466, such as, e.g., pointing a finger to the
front indicating that the totern has been moved forward from its original position,

{8278] At block 1994a, the wearable system can also receive movement dafa
associated with the totem from the environmental sensor that needs to be calibrated. The
wearable system can accordingly calculate a second change to the totem’s position and
orientation based on the data received fror the environmental sensor at block 1994b.

[6279] The wearable system can calculate the differences between the first change
and the second change. At block 1992f, if the wearable system determines that the
discrepancy between the first change and the second change passes a threshold condition, the
wearable system can calibrate the environment sensor at block 1992g. Utherwise, the
wearable system can determine that the environmental sensor does not need to be calibrated
and provide an indication as shown in block 1992h. The indication may mclude a certain
placement and movemeunt of the halo pattern such as, e.g., the confirmation pulse shown in
FIG. 19C, or haptic feedback. Additionally, the indication may be presented by the display
220, the speaker, etc.

{6286] in some situations, the wearable system can gather data associated with
multiple positions and orientations of the totem, the wearable system can determine whether
the environmental sensor needs fo be calibrated or how the environruental sensor will be
calibrated based on the gathered data. For example, the wearable system may determine that
the IMU does not need to be calibrated when the totem is moving left and right but may need
to be caltbrated with respect to forward/backward movement. However, in order to calibrate
for the forward/backward movement, the wearable system may also need to adjust the IMU
for the detecting left/right movement. Accordingly, the wearable system may calculate the
amount of adjustments needed for the forward/backward movement as well as the left/right
movement even though the IMU may have already been able to detect left/right movement

with reasonable accuracy.
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{6281} FIG. 19E illustrates another example process 1996 of totem calibration
using light patterns associated with a halo. The example process 1996 can be performed by
the totem or the wearable system described herein.

{6282] At block 1998a, the totem can provide a first indication of a totem’s a
pose. For example, the toten’s light guide may display a halo with an arc located on the left
side of the light guide. This arc can provide an indication fo the user to move the totem to the
left. In some embodiments, the indication can also be provided by the wearable display, or
via haptic or andio feedback.

[6283] At block 1998b, the totem can acquire movement data associated with the
pose. For example, as the user moves the totem lefiward, the totem’s IMU can detect the
user’s movement and communicate the movement data to a processor.

[6284] At block 1998c¢, the totem can be calibrated based on the movement data.
For example, the totem can associate the movement detected by the IMU with a lefiward
motion.

{6285] At block 19984, the totem can determine whether it has been calibrated.
For example, if the IMU of the totem needs to be calibrated, the totem can determine whether
the totem has been calibrated for 6DOF. Once the totem has been calibrated, at block 1998f,
the totem can present a second indication informing that the totem is calibrated. For example,
the totem can show a flashing green halo on the light guide to indicate that the totem is
calibrated.

[8286] If the calibration process is unsuccessful, the process 1996 may return to

the block 19983 to repeat the calibration.

Examples of Device Paining with a Halo

[6287] Two devices may be required to establish a wireless communication link
before they are paired up (e.g., via Bluetooth). When devices pair up, they can share
information such as, e.g., addresses, names, and profiles of the users of the devices or the
devices themselves or share the information stored 1o thewr respective memories. Once the
two devices are paired, they can share a common secret key, which can allow them to bond

agamn for tuture information shanng.
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[6288] The device pairing can be tedious and sometimes require the users to enter
unique information about their devices. For example, a user may manually input information
of his or her device after his or her device (or the other user’s device) completes an initial
search for nearby devices. Although the devices can use NFC protocols to share mnformation
between the two devices for the pairing process, NFC components are ofien relatively large
and costly.

{6289] To reduce or munimize the user interaction and simplify the pairing
process between a totem and a wearable device, the totern can present a hight pattern which
can be analyzed and used for pairing. The light pattern can include a message used for pairing
between the totem and the wearable device. The light pattern may be presented by a halo
ithuminated on the totem’s LEDs. The message may include an indication to initiate a pairing
process. For example, the light pattern can encode a trigger message which can cause the
wearable device to search for nearby devices or to broadcast its device information to nearby
devices. As another example, the light pattern can encode device mformation of the totem.
The device information maay be encrypted. Device information can include a device identifier
(ID), operating system information (e.g., operating system version), firmware information,
type of communication channel (e.g., Bluetooth, wireless channels) used for pairing, a digital
key shared between the totem and the wearable display, etc. In certain implementations, the
device 1D may be provided or generated by the manufacturers, distributors, developers, or
any suitable entity. Examples of device identifier may include Android identifier (ID),
iPhone’s Unigue Identifier (UDID), 1Phone’s IdentifierForAdvertising (IFA or IDFA), cookie
1D, login ID, Internet Protocol (IP) address, media access control (MAC) address, a hash of
any of the above, a combination of any of the above, or the hike. In some cases, the device
identifier may be derived based on one or more hardware and/or software parameters of a
device identified by the device identifier. For example, a device identifier may be derived
from the IP address, operating system version, and locale setting of the device. In some
embodiments, a device identifier may be used to identify the source or origin or a transaction,
request, or network event. For example, a device identifier may include a user identifier, an
account identifier, and the like. Additionally or alternatively, a device ID may be associated

with an entity (e.g., user) using a device.
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[6290] As an exarmople, the totern may include a ring of LEDs on ifs perimeter
{e.g., 12 LEDs disposed circumferentially around the touchpad). These 12 LEDs can be used
to represent certain device information when they light up in a specific temporal sequence,
spatial sequence, or a combination thereof. Each LED may be assigned to a bit and the ring of
LEDs can represent, in this example, a 12 bit word. One or more of the LEDs can be display
in sequence to show the necessary information for pairing, For example, the LED lights can
be illuminated in a sequence to show a device identifier (1D} of the totem. Assuming the
device ID 1s 2, and the binary representation of the number 2 1s 10, the totem may hight the
LED 0 (shown in FIG. 14B) to represent the binary number 2 while other LEDs {e.g., LED 1
—11) do not tlluminate.

{8291} In certain implementations, the colors of one or more LED lights can also
represent information used for pairing. For example, a red color may represent a certain
manufacturer or model of the totem while a blue color of the LED lights may represent
another manufacturer or model. The totem can also show a combination of manufacturer and
model of the totem with the LED hights. For example, the totem can show manufacturer A
and model M by illumunating LED 1 in blue while illuminating LED 3 1 pink.

[6292] Furthermore, where each LED is assigned to a bit, the color of the LEDs
can expand the amount of information that the LEDs can represent. For example, rather than
one LED being assigned to one bif, an LED with a certain color miay be assigned to one unit
of wformation. Accordingly, if an LED hight can llurnnate 9 colors, the LED can be used to
show the numbers 0 — 9 based on the illuminated colors. For example, when the LED 1s not
ithuminated, the wearable device can interpret if to be 0, while the color purple may represent
the number 1, the color green may represent number 2, efc. As another examples, the LEDs
can also represent letters in an alphabet (e.g., red being A, white being B, etc.).

[8293] The wearable device may be associated with a display and a camera (such
as, e.g., the outward-facing imaging system 464). The camera can be used to capture the light
sequence and then demodulate it to extract the usable mformation for antomatic pairing. For
example, the images captured by the camera can be analyzed using various computer vision
algorithms described herein to extract the light patterns of the halo. The light patterns may be

translated to a number, alphabet, word, etc., which can represent the device information of
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the totem. The wearable device can then use this device information for pairing with the
totem.

[6294] Two totems may also be paired. For example, two friends may want to pair
their totems to share their game controls while they are playing a video game using their
respective wearable devices. In this example, the outward-facing imaging system of the first
person’s wearable device can obtain the light sequence on the second friend’s totem (and vice
versa). In first person’s wearable device can extract device information of the second friend’s
totem and pass that ioformation to the first frend’s totem for pairing. In some
implementations, a totem may also have a camera. Thus, a totem can capture the images of
light patterns of another totem and achieve pairing of the two totems.

{B295] As another example, a wearable device {or an HMD) may be paired with
two totems. The outward-facing imaging system can acquire images of the light patterns for
one totem. Once the wearable device extracts the device information of one totem from its
halo, the wearable device can pass the device information (of the wearable device or the other
totern) o the other totem for pairing.

8296] In addition to or in alternative to device pairing, similar techniques for
communicating information by the totem can also be used to commumicate other types of
information. For example, the totem may communicate a user’s profile information, or status
of the totem to the wearable device using the light patterns tHuminated by the totem.

{6297] Advantageously, in some embodiments, the light placement or movement
patterns of the totem can be used to indicate the progress of the wircless pairing between a
totem and a wearable device or between two totems. FIGS. 20A and 20B illustrate examples
of indicating a wireless (e.g., Bluetooth or WiFi} pairing process with a halo. The hight
patterns illustrated in these two figure can be used to show the progress of a device pairing
process via wireless communications {e.g., where a totem or device broadcasts it device
information to other devices wirelessly} or through the light patterns described with reference
to FIG. 14B.

{6298} FIG. 20A shows a totem 2020 which can have a touchpad 2022 and a
display region 2026. The totem 2020 may be an example of the totem 1200 and the touchpad
2022 may be an embodiment of the touchpad 1260. The display region 2026 may include a

18-
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ring of LEDs and a light guide diffusing the light emitted by the LEDs. In some
embodiments, the user can actuate the display region 2026,

{82991 The display region 2026 can display a halo 2024. A portion of the halo
may be in the dark blue color. As shown in the process 2012, the totem can play a spin
animation of the dark blue portion clockwise. Once the totem is paired, the totem can present
a dark blue halo with a pulse animation. An example of the animations 15 described with
reference to FIG. 208, The totem may start the spin animation by displaying the pattern 2062,
While the wireless pairing is in progress, the totem can present the patterns 2064, 2066, and
2068 sequentially as illustrated by arrows 1, 2, and 3. The totem can play the pattern 2062
again after the pattern 2068 it the paining s still ongoing, If the pairing has completed
successtully, the totem can present the pattern 2070 which can provide a visual indication to
the user.

[6306] Although these examples are described with reference to pairing a totem,
simnilar techniques can also be used for pairing other user mput devices 466 or devices with
display or illurnination components. For example, the fechniques can be applied to pair two
or more of a smartwaich, a smartphone, a wearable device, a totem, a tablet, a computer, a
television, a camera, a peripheral device, an apphance, or other devices that have image
recognition and processing capacities. As an example of pairing between a smartphone and
the totem, the smartphone can use its camera to capture and analyze the illumination patterns
on the totem. As another example, a wearable device may be paired with a smartwatch where
the wearable device can capture and analyze a pattern displayed by the smartwatch {e.g., on a
display screen of the smartwatch). The techniques described herein can further be applied to
vartous types of wireless pairings such as Bluetooth pairing, WiFi1 pawing (e.g., Wi-Fi
Direct™), or other types of wireless pairings. As an example of Bluetooth pairing, when the
totem 1s 1n discoverable mode, the fotem can display a light pattern indicating that it is in the
discoverable mode. The wearable device can capture this light pattern and complete the
pairing when the wearable device is also in the discoverable mode. When the light pattern
encodes a iriggering message, the wearable device can automatically enter the discoverable
mode upon detection of the light pattern. As an example of wireless pairing, the totem can

illuminate a hight pattern indicating that a connection can be made to the totern. The wearable
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device can receive an invitation to connect to the totem upon detection of the light pattern. In
addition to these exaruples of wireless pairings, the pairing fechniques can also be applied to
types of parings other than the wireless pairing. For example, the technigues can also be used

to share tiles among a group of user input devices at home via Ethernet connection,

Example Processes of Device Pairing with a Halo

{63813 FIG. 20C illustrates an example process 2080 of device pairing with a
halo. The pairing may be between a wearable device and another device {e.g., a totem, a
smartphone, a television, a smartwatch, etc.). The example process 2080 can be performed by
a wearable device having an HMD and an outward-facing imaging system 464. The process
2080 can be used to assist pairing a totemn with other devices, HMDs, etc.

163¢2) At block 2082, the wearable device can receive a request from a totem to
establish a pairing. For example, the totem can broadcast a signal to nearby devices for
establishing a communication. The wearable device can receive the broadcast signal and
identify the totem which has communicated the signal. As another example, the request may
be a trigger message encoded in the light pattern of the totem,

16303 At block 2084, the wearable device can receive an image of a halo
presented by the totem. The image may be captured by the outward-facing imaging system
464. As described with reference to FIGS. 20A and 20B, the totem can use the halo to
communicate device nformation needed for establishing the pairing via the light placement
or movement patterns of the halo. For example, the halo may encode device information to a
binary form.

[8304] At block 2086, the wearable device can analyze the image of the halo to
extract device information. For example, the wearable device can use object recognizers 708n
to identify the halo in the captured image. Where the halo encodes the device information in a
binary form, the wearable device can convert the binary representation back to a decimal
representation or an alphabetical representation of the device mformation.

[6305] At block 208%, based on the extracted device information, the wearable

device can pair the totem with the wearable device. For example, the wearable device may
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add the device ID of the totem to a whitelist of devices with which the wearable device can
share 1ts information.

[6306] Optionally at block 2089, the wearable device can receive an indication
from the totem showing that the pairing is successful. The indication may be an electro-
magnetic signal. Additionally or alternatively, the totem can display a halo with a certain
placement and movement indicating that the pairing is complete. For example, the totem can
display a pulse animation of a circular blue halo. The outward-facing imaging system 464 can
capture this halo 1 an tmage. Once the wearable device recognizes the light placement or
movement pattern of the halo, the wearable device can determine that the pairing has been
completed.

16307} In some embodiments, the totem also provides a visual indication that the
pairing is in progress. For example, the totem may present a halo with a rotating arc during
the pairing. The rotating arc may be presented after the totem has provided the device
information to the wearable device.

[6308] Although the examples are described herein with reference to a wearable
device, in some embodiments, similar techniques can also be applied with another computing
device. For example, the example process 2080 can be used to pair a cellphone configured to
provide AR/VR/MR features with a totem.

{6309] FIG. 20D illustrates another example process 2090 of device pairing with
a halo. The pairing may be between a totem and a computing device. The computing device
may be a wearable device having a wearable display and an outward-facing imaging system
464, or other computing devices (e.g., a television, a smartwatch, a smartphone, tablet,
another totem, etc.). The example process 2090 can be performed by the totem 1200.

{6316} At block 2092, the totem can jnitiate a pairing process with a coroputing
device. For example, the totems can search for nearby devices that can be paired with the
totemn. The totern can also broadcast a signal and identify available devices for paining based
on the response to the signal received from other devices. The user can actuate the tofem or
the computing device to cause the totem to initiate the pairing process. For example, the user
can press the home button 1256 for an extended period of time to cause the totem to enter a

pairing process. In certain implementations, the totem can present 3 light pattern which
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indicates that the totem is now in the pairing mode. The light pattern may be captured by the
computing device and can cause the computing device to enter into the pairing process with
the totern.

{6311] At block 2094, the totem can illuminate a first light pattern encoding
information for the pairing process 2094. The encoded information may include device
information of the totem. The encoded information may also include a key for the computing
device to connect with the totem. For example, the computing device can extract the key
based on the hight pattern extracted from the wmage and communicate the key back to the
totem, via a wireless channel to achieve pairing. In some embodiments, the block 2092 may
be optional. The computing device can automatically initiate the pairing process upon
detection of the first light pattern in the block 2094,

[6312) At block 2096, the totem can receive a response from the computing
device. The response may be the device information of the computing device. In some
situations, the response may include a request for more information from the totem. The
computing device can also provide other information in the response, such as, network
communication information {e.g., a network port, an encryption standard, or a
communication protocol) that the totem can use to communicate with the computing device.
In some situations, the response can also include an indication that the computing device has
added the totem to a list of accepted devices.

{8313] Optionally at block 2098, once the pairing process is completed, the totem
can ilfuminate a second light pattern indicating that the pairing 1s successful. The second light
pattern may be the pattern 2070 shown in FIG, 20B. In some embodiments, the fotem can
stop illuminating to indicate that the pairing has completed. Although the example process
2090 has been described above as being performed by a totem, it is to be understood that the
example process 2090 can be performed by another device {¢.g., a smartphone, a smartwatch,

a computer, etc.}.

Exammles of Using Light Patterns of 2 Halo to Provide a Cue for an Obiect’s Status

[6314] The placement and movement of a halo’s light patterns can be used to as a

cue for mndicating the status of an object. For example, certain light placement or movement
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patterns can be used to indicate whether a user has turned the totem on or off, whether the
totemn 1s m sleep mode, or whether the battery charging status of the totem. Non-Hmiting,
illustrative examples are described below,

{8315] FIG. 21A iHustrates an example of indicating the status of the totem. As
shown in the process 2110}, when the power button is turned from off to on, the totem can
present a portion of the halo and progressively fill the rest of the portions until the totem is
fully turned on. The totem can also rotate the halo clockwise for one cycle during the power
On Process.

[6316] When the power button is switched from on {o off, the tofem can present
{as illustrated in the process 2120) a full halo and rotate the halo counter-clockwise for one
cycle. The totem can also progressively hide more portions of the halo until the fotem is
completely powered off (when the totem will no longer present a halo).

{6317} The halo color palette can be selected to be visually pleasing to users.
Ditferent color palettes can be used for different system functions, e.g., a startup color paletie
when the system is powered up (see, ¢.g., the process 2110 in FIG, 21A) and a shutdown
color palette when the system is powered down (e.g., the process 2120 mn FIG. 21A). For
example, the startup color palette can represent colors typically seen during sunrise, and the
shutdown color palette can represent colors typically seen during sunset. Other color palettes
can be used for other system functions {e.g., charging or battery status or a sleep-idle mode,
shown m FIGS, 21C, 21D). Color palettes can include colors, grayscales, illumination levels,
etc. Hlumination patterns can include illumination information that is commumicated to a
light source controller (which might be a controlier disposed on the touch board 1394¢) used
to confrol the brightness of the totem light sources {e.g., LEDs 1383a, 139%4a). The
itlumination information can include a color palette, timings {or rates of change) of when, for
how long, and at what brightness level each of the LEDs (including individual colors
producible by the LED} are illuminated, eic. Some LEDs may inchude additional or different
control functionality, e.g., RGBA, which includes RGB plus an Alpha channel that indicates
how opague each pixel 1s and permits the totem fo perform alpha compositing (allowing the

appearance of partial or full transparency). The illumination information can include such
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additional or different control functionality, depending on the choice of light source used in
the totern.

{6318} There can be an enormous variety of color palettes that can be displayed
by RGB LEDs (e.g., where, commonly, each color can be set to 256 values, from 0 to 255).
Color palettes can be selected for one or more of the halos described herein on the basis of
any of a variety of different factors, e.g., user characteristics, contextual information, device
usage or status, system functionality, ete.

{86319} The halo illumination pattern can include gradients i colors, shading,
hues, etc. For example, due to the limited number of light sources in the totem (e.g., 12 RGB
LEDs), varying the brightness of the colored light source can be used to provide a desired
gradient (in color or intensity). A gradient can provide the visual illusion of intermediate
endings or fadings out of an illumination pattern. The gradient can be provided by adjusting
the brightness of the light sources dynamically (for time-varying illumination patterns}. As
an example, for a totem with 12 LEDs posttioned at hours of the clock, an illumination
pattern starting at 4 o’clock that extends 45 degrees toward 6 o’clock, with a gradient at the 6
o’clock end of the arc, could have LED brightness values set as: LEDs 1-3, brightness 0.0,
LED 4, brighiness 1.0, LED 5 brightness 1.0, LED 6 brightness 0.5, LEDs 7-12, brighiness
0.0.

{6320] Other shutdown processes can involve user interaction with the totem, to
confirm that the user wants to perform a shutdown operation {(e.g., to shutdown, suspend, or
restart the wearable device 200). For example, the display 220 of the wearable system 200
can display to the user a shutdown user interface when shutdown is selected by the user. In
ong example, the shutdown user interface displays a circular ring (suggestive of the circular
light guide 1264 on the totem 1200) and a textual indication that the user is to move his or
her thumb on the totem’s touchpad 1260 to confirm the shutdown operation. For example,
the user interface may display “Complete Circle to Power Off” and the circular ring may
include an animation indicating the user is to move their thumb (say) clockwise around the
touchpad 1260. If the user presses the home button 1256, the shutdown operation may be

halted and the shutdown user interface may fade out.
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{6321} If the user wanis to complete the shutdown operation, the user can follow
the displayed directions and move his or her thumb in a circular, clockwise path around the
touchpad 1260. As the user does so, the light guide 1264 can illuminate to create an arc that
follows the thumb’s motion (and optionally, the display 220 can display an animated graphic
showing progress around the circular ring). If the user's finger completes a full circle
{confirming the shutdown operation}, a haptic “bump” can be performed by the totem 1200 to
provide the user with tactile feedback that the shutdown operation has been started
{optionally, the systermn 200 can output an audio sound). The display 220 of the wearable
system 200 can display a shutdown screen to the user and begin the shutdown operation. The
light guide 1264 of the totem 1200 can display a shutdown illumination patiern {(e.g., as
shown in FIG. 21B).

[8322] FIG. 218 illustrates an example of light placement or movement patterns
of the halo during a power on and off process. During the power on process, the halo pattern
can move from the pattern 2122 to the pattern 2124 and then to the pattern 2126 as shown by
the arrows 1 and 2. During this process, the arc of the halo {which may be illursinated 10 a
color, e.g. a yellow color) can get progressively longer in length and brighter in color.

16323] On the other hand, during the power off process, the halo patterns can
move from patterns 2126 to 2124 then to 2122 as shown by the arrows 3 and 4. In this
process, the shape of the halo gradually can reduce from a full ring to a small arc.

{6324] Additionally or alternatively, the halo can be configured fo show the
charging status of the battery 1720 of the totern, where the amount of battery may correspond
to the size of the portion of the halo being displayed. FIG. 21C illustrates an example of
placement and movement of light patterns which show a battery charging status. Process
2132 illustrates an animation sequence of the halo when the battery 1720 is charging. For
example, the halo may be divided into four quadrants. Hach quadrant may be associated with
one or more LED lights. The totem can progressively fill all four guadrants by illuminating
the LEDs in each quadrant. In certain implementations, rather than filling 1 quadrant at a
time, the totem can gradually tlluminate the LEDs to track the percentage of the battery
remaining, For example, when there 15 30% of the battery remaining, the totem can light up

30% of the LEDs,
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[6325] If the battery is below 15% (for example} when the charging begius, the
totem can present a halo with a first color {e.g., an orange color) in one of the four quadrants.
Once the battery has reached 25% (for example), the totem can change the color of the halo
from the first color to a second color {e.g., from orange to green). When the battery has
reached 50% (for example), the totem can illuminated the portion of the halo {e.g., in the
second color) associated with the next guadrant in the clockwise direction. The totem can
continue fading in other quadrants as the totem is being charged. When the battery is fully
charged, the totem can present a halo in the second color with all four quadrants lluminated
{as shown in the process 2134).

[8326] While the battery is being consumed, the shape of the halo may initially be
a full circle. The totem can gradually fade the halo out in the counter-clockwise direction as
ilhistrated in the process 2136 as the amount of power decreases. In some embodiments,
when there is only 15% (for example) of the battery remaining, the totem may tum the
remaining portion of the halo to a third color {e.g., a red color) and play a pulsing animation
until no power 1s remaining (where the totem can play a fade-out animation of the halo).

{6327} The halo can also be used to show whether the totem has entered into a
sleep mode. FIG. 21D illustrates an example halo pattern when the totem has entered into the
sleep mode. As indicated in the process 2142, when the totem has become idle because it has
not detected user interactions within a threshold period of time, the totem can present a halo
in the form of a trail {(e.g., a white frail). The totem caun also repeat the frail in a clockwise

cycle.

Example Processes of Indicating a Status of a Totem with a Halo

[8328] FIG. 21E illustrates an example process of indicating a status of a totem
based on light placement or movement patterns. The process 2150 in FIG. 21E can be
performed by one or more componenis of the wearable system described herem. For example,
the process 2150 can be performed by a totem or a wearable device.

{6329] At block 2152, the wearable system can determine a status of a totem. The
totem can include a group of light sources (e.g., LEDs) configured to display a halo. The halo

may be used to indicate the status of the totem. The status may include the battery status of
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the totem, such as, e.g., whether the totem is powered on/off, whether the totem is in a sleep
maode, or the progress of battery charging or consumption.

{8330} At block 2154, the wearable system can access a first light pattern of the
halo. The first light pattern may specify a placement or movement pattern for the halo. The
first light pattern can be associated with the current status of the totem. For example, when
the battery is currently low, the light placement or movement pattern of the halo may be a red
arc around the 6 o’clock position.

{8331} At block 2156, the wearable system can instruct the group of LEDS to
display the halo in accordance with the first light pattern. Contimae with the previous
example, the wearable system can generate and send an instruction to the LEDs located near
the 6 o’clock positions {such as, ¢.g., the LED 9, the LED 10, and the LED 11 in the MUX 3
shown in FIG. 148} to illuminate a red light.

[6332] The wearable system can continuously monitor the status of the totem.
Optionally at block 2158, the wearable system can determine whether there is an update to
the status. For example, while the battery of the totem may previously be less than 15%, the
user may have phugged the totem into a power source for charging. Accordingly, the amount
of battery may gradually increase.

{6333] At the optional block 2160, in response to the update, the wearable system
can instruct the group of LEDs fo display the halo wn accordance with a light pattern. The
second light pattern is associated with the update. For example, once the totem has entered
into the charging mode, the color of the halo may be changed from red o green.

[6334) Although the examples herein are described with reference to indicating
the status of the totem, similar techniques can also be used to indicate the status of other

components of the totem such as the wearable display or the battery pack.

Exammles of Using Light Patterns as a Cue for User Inleractions

{8335] In addition fo or in alternative {o providing information on device status,
the halo can also be used as a cue to indicate a current user interaction or to guide a user’s
interaction. FIGS. 22A and 22B illustrate example light placement or movement patterns that

are used as cues for user interactions. FIG, 22A displays halo patterns 2210 and 2220. The
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halo patterns may be display by a light guide around a touch surface of a totem. The user can
actuate the touch surface, for example, using his or her thumb 2230. The halo patiern 2210
can include an arc 2222 (which may be dluminated 1o a purple pink color) on the left side of
the hight guide. The length and brightness of the arc 2222 may retlect the distance between
the user’s finger and the portion of the light guide displaying the arc 2222,

{6336] As an example of indicating a current user’s interactions with the totem,
when the user’s thumb is at position 2212, the halo patters 2210 may be shown. The portion
of the arc 2222 that 1s closest to the thumb 2230 may be the brightest. The brightness of the
other portions of the arc may gradually reduce as they are farther away from the thumb 2230
and eventually transitioned into black (e.g., where the corresponding LEDs are turned off). In
this example, the user can actuate the touch surface with a swipe gesture. For example, the
user can swipe his or her thumb lefiward. As the user moves his or her thumb 2230 leftward
toward the arc 2222 (illustrated by the arrow 2214}, the length of the arc 222 may increase
from less than half of a circle to more than half of the circle). The brightness of the arc 2222
can also increase due to the reduced distance between the thumb 2230 and the arc 2222.

[6337] As another example, in FIG, 22B, the halo associated with the pattern
2250 can include three arcs 2252, 2254, 2256. The arc 2252 is illustrated in a first pattern
corresponding to a first color (which, ¢.g., may be a red), the arc 2254 is illustrated in a
second pattern corresponding to a second color (which, e.g., may be blue), and the arc 2256 1s
illustrated in a third pattern corresponding to a third color (which, e.g., may be yellow). With
reference to FIG. 148, the arc 2252 may be lluminated by LED 1, LED 2, and LED 3; the arc
2254 may be illomunated by LED 5, LED 6, and LED 7; and the arc 2256 may be illuminated
by LED 9, LED 10, and LED 11.

[8338] The pattern 2250 may be associated with a 3-way d-pad, with each arc
being associated with a user interface operation. For example, the user can tap the region near
the arc 2252 to move a virtual object leftward and tap the region near the arc 2254 t0 move
the virtual object rightward. The user can also tap the region near the arc 2256 to select or
release the virtual object. When the user’s thumb 2230 18 near an arc, the length of the arc
may decrease while the brightness of the arc way increase. For example, when the user’s

thumb 2230 1s near the arc 2254, the totem may turn off the LED 5 and LED 7 (shown in
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FIG. 148) to reduce the size of the arc 2254, This change to the light placement or movement
pattern of the halo can provide an mdication that the user has nitiated {(or 15 about to initiate)
a leftward movement of the virtual object. When the user’s thumb moves away from the arc
2254, the fotem may re-illuminate the LED 5 and LED 7 to increase the size of the arc 2254,

{8339) A totem can simulate functions of various user input devices, such as, ¢.g.
a d-pad, a touch device, a 6DOF controller, etc. The light placement or movement patterns of
the halo can be used to indicate the type of user input device that the totem is currently being
used as or fo indicate available user mterface interactions. For example, while a user is
browsing a webpage using the 3D display, the totem can be used as a touch device which
supports a left/right swipe gesture. To provide an indication to the user that the swipe gesture
is available, the totem can display the patterns shown in FIG. 22A,

[6346) In certain implementations, the wearable system can automatically select a
suitable user input device configuration based on the contextual information. For example,
the user may want to use a 3-way d-pad to move virtual objects in and out of the FOV and to
select a virtual object. Accordingly, when the wearable device detects that the user is
inferacting with the virtual objects in his or her environment, the wearable device can instruct
the totem to enable 3-way d-pad and present the halo pattern 2250 to inform the user that the
3-way d-pad is available.

{8341] FIG. 22C iHustrates another cxample of using light patierns associated
with a halo to provide an indication of an available user interface operation. The toterm in
FIG. 22C can be configured to serve as a star-shaped d-pad. To inform the user that the totem
is currently being used as a star-shaped d-pad, the fotem may light up the LED 2, LED 4,
LED 6, LED 8, LED 10, and LED 0 in FIG. 14B. As an example, when a user selects a text
box on the webpage, the totem may present the pattern 2260 to show that the user can use the
star-shaped d-pad for text input. When the user actuates a region near an LED, the LED may
display a brighter color to indicate that the user is actuating the region. For example, when
the user actuates the region near the LED 0 (as illustrated in the pattern 2270), the totem may
instruct the LED 0 to emit a brighter light.

[6342] In some embodiments, the totem may use the totem to inform the user that

the user is performing a wrong user interaction or provide an indication of a
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correct/recommended user interaction. FIG. 23 illustrates an example of using a hight pattern
as an alert to indicate an incorrect or improper user operation. The user’s thumb 2230 may
initially be at the position 2312 on a touch surface. The touch surface may be surrounded by a
light guide which can display the halo 2222, When user’s thumb is at the position 2312, the
light guide can display the halo pattern 2310. The user may need to move an object letiward
by swiping to the left {(e.g., by moving his or her thumb 2230 closer to the halo 2222,
However, the user actually swipes rightward (as indicated by the arrow 2232), which is the
incorrect direction to perform the desired operation of moving the object leftward. As a result
the user’s thumb is now at the position 2314. To remind the user that he or she needs to
swipe to the left to properly move the object, the light guide may show the halo pattern 2320
where the halo 2222 appears to be longer 1o length and brighter in color. This can draw the
user’s attention to make sure that he or she moves his or her thumb 2230 in the correct
direction.

[8343] The patterns of the halo can vary depending on the type of user interaction.
FIGS. 24A and 24B illustrate example patierns for a swipe gesture and a touch gesture
respectively. The touchpad in FIGS. 24A and 24B can include a light guide which displays a
halo. The touchpad can also include a touch surface which 1s surrounded by the hight guide.
The touch surface can receive user input such as a swipe gesture or a touch gesture,

18344] The halo shown in FIGS. 24A and 248 can have 3 arcs 2422 (illuminated
in a first color, e.g., red), 2424 (illuminated in a second color e.g., blue), and 2426
{illuminated 10 a third color, e.g., vellow). With reference to FIG. 148, the arc 2422 may
correspond to the LED 1, LED 2, and LED 3; the arc 2424 may correspond to the LED 5,
LED 6, and LED 7; and the arc 2426 may correspond to the LED 9, LED 10, and LED 11.

{8345] The user’s thumb 2230 may initially be at the position 2412 of the touch
surface. The light guide can accordingly display the pattern 2402 for the halo. As indicated by
the downward arrow 2450, the user can swipe downward toward the arc 2426. For example,
the user can move his or her thumb 2230 from the position 2412 to the position 2414 (as
shown by arrow 1), Upon detecting of the user’s movement, the totem can dim the display of
the arc 2422 and 2424 as shown mn the pattern 2404, The user can further move his or her

thumb downward as indicated by the arrow 2. In the pattern 2406, when the user’s thumb
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reaches the position 2416, the totem can increase the brightness and length of the arc 2426,
For example, the brightoness of the LED 9, LED 10, and the LED 11 may increase. The totem
can also luminate the LED 0 and LED 8 (in the third color) to increase the length of the arc
2426. The totem can further illuminate the LED 7 in the third color (rather than the second
color as shown m arc 2424) and illuminate the LED | in the third color (rather than the first
color as shown in arc 2422). As user moves his or her thumb 2230 even further downward as
shown by the arrow 3, all LEDs (except LED 4 which is on the opposite side of LED 10) can
illuminate a light in the third color to show the expansion of the arc 2426 in the third color.
On the other hand, when the user’s thumb 2230 moves away from the arc 2426, the totem
may display the patterns in accordance with the arrows 4, 5, and 6. Under this sequence, the
size of the arc 2426 can gradually shrink and the other arcs 2422 and 2424 can gradually fade
in,

[8346] The user can also actuate the touchpad in FIG. 24A with a touch gesture.
FIG. 248 illustrates the halo patterns when the user actuates the touchpad with the touch
gesture. The totem may mtially display 3 arcs 2422, 2424, and 2426 as shown in pattern
2462, When the user touches a region close to the yellow arc 2426, the length of the arc 2426
may increase. As tlustrated in the pattern 2464, when the user actuates the toters with a
touch gesture at position 2418, the LED 0 and 8 may be illuminated {(in the third color) to
show the increased length, However, the arc 2426 will not expand to cover up other arcs
{e.g., arcs 2422 and 2424) as compared to the pattern 2408 (which can correspond to a swipe

gesture), even though the user’s thumb is at the same position 2418,

Example Process of Providing a Cue for User Interactions on a Totem

186347} FIG. 24C illustrates an example process of providing a cue for user
interactions on a totem. The exarnple process 2480 may be performed by components of the
wearable systems, such as, e.g., a totem or a wearable device.

[8348] At block 2482, the wearable system can identify available user interface
operations based on contextual information. For example, the wearable systern can determine
what types of user interactions are available and map these types of user interactions to the

inferactable regions of the totem. As an example, a browser can allow a user to scrol
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up/down, enlarge/shrink the size of a3 webpage, select an item on the browser, and move a
cursor around within the browser. The wearable systemn can map the cursor movement and
itemn selection to a first interactable region of the totem, where the user can swipe a touch
surface to move the cursor and click the touch surface to select the item. The wearable system
can also map the scrolling and resizing operations o a second interactable region. The second
interactable region may surround the first interactable region. The second interactable region
may simulate the functions of a d-pad, where the user can tap the up/down keys to scroll the
webpage and tap the left/right kevs to resize the webpage.

{6349] At block 2484, the wearable system can determine a placement or
movement pattern of a halo associated with the available interface operations. Continuing
with example above, the wearable sysiem can display a halo with 4 arcs (as shown mn FIG,
25B) to indicate that the totem has a second interactable region that the user can use as a d-
pad.

[6356] At block 2486, the wearable systern can generate and transit instractions to
LEDs (shown in FIG. 14B) of a totem to display a halo in accordance with the light pattern,
For example, where halo has 4 arcs, the wearable system can instruct the LED 1 to illuminate
a bhue color, LED 4 to illuminate a yellow color, LED 7 to illuminate a red color, and LED
10 to illuminate a green color.

{8351] At block 2488, the wearable system can receive a user input on the totem.
For example, the totermn can detect a swipe gesture or a touch gesture in the first interactable
region or detect a tap gesture in the second interactable region. In some embodiments, the
user input may also include actuating other components of the totem, such as the tngger 1212
or the home button 1256 (shown in FIG. 12) alone or in combination of user’s poses {e.g.,
head pose or other body poses).

[8352] Optionally at block 2492, the wearable system can determine whether the
user input 15 the correct input. The wearable system can make the determination based on the
contextual information of the object with which the user is interacting. The wearable system
can determine whether the user input belongs to the fypes of user inputs supported by the
object. For example, a video recording application can allow user impuis via poses while a

web browser can support a combination of swipe and touch gestures. Accordingly, when a
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user is browsing a webpage, the wearable system may not perform a user interface operation
based on a change of the user’s foot pose. As another example, one webpage may allow a
user to view the web content but may not allow a user to mput his or her comments.
Accordingly, if the user tnes to type a phrase, the wearable system may determine that the
user’s input 18 not the correct input because it 1s not supported by the webpage.

{8353] if the user input is not the correct input, optionally at block 2494, the
wearable system can provide an indication that the user’s input is incorrect. The indication
may be provided in the form of visual, audio, haptic, or other feedback. For example, the
totem can emphasize the correct input by providing a brighter color near the interactable
region associated with the correct input. As another example, the totem may provide a
vibration via a haptic actuator in the fotem’s body. As yet another example, the wearable
system can provide an alert message via an HMD or via the speaker.

[6354] If the user input 13 the correct input, at block 2496, the wearable system
can update the placement and movement of the light pattern to reflect the wser input. For
example, if a user taps the left side of the totem’s touch surface, the totern may light up the
LED near the user’s tap. In some embodiments, once the tofem receives the user’s input, the
totem can update the replacement and movement of the light pattern associated with the halo

to reflect the user input, in addition to or in alternative to blocks 2492 and 2494,

Examples Interactions with Virtual Obiects Using a Totem

{8355] The totem can include wultiple wnteractable regions where each
interactable region can be mapped to one or more types of user interactions or to a type of
user input device. As described with reference to FIGS. 12A and 13A, in some embodiment,
the totem have a first interactable region comprising a touch surface which can support touch
events and gestures, such as e.g., a swipe gesture, and a second interactable region
comprising a light guide. The light guide can illuminate a halo at 4 points around the
touchpad or with 4 arcs each having a different color. This illumination pattern can show that
the light guide is used as a d-pad. For example, the user can tap or press on the point of
illumination to move a virtual object. The same user gesture can cause different user interface

operations being performed depending whether the gesture is applied to the light guide or the
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touch surface (e.g., in the main center area of the touchpad). For example, the user may move
a virtual object when user taps the hight guide, but when the user taps the touch surface, the
user may select the virtual object.

8356] FIG. 25A illustrates an example interactive use of the light guide. The
totem 2502 n FIG. 25A may be an example of the totem 1200 described herein. The totem
2502 can include a touchpad 2506 which can include a touch surface and a light guide, which
can substantially strround the touch surface. The light guide can diffuse lights (e.g., emitted
by LEDs underneath the light guide) to show a halo, which may include one or more arcs of a
halo, In the example in FIG. 25A, the halo can include 4 arcs 25044, 2504b, 2504¢, and
2504d llummated at 4 regions around the touch surface. The light guide can be interactable
30 as to receive user nput (¢.g., the user might depress a portion of the hight guide). For
example, the light guide can simulate the functions of a d-pad. The light guide can include an
upward key 2508a, a right key 2508¢, a down key 25084, and a left key 2508b. The totem can
provide visual indication on the locations of these keys. For example, the arc 2504a can
correspond to the upward key 2508a; the arc 2504b can correspond to the left key 2508b; the
arc 2504¢ can correspond to the right key 2508c¢, and the arc 2504d can correspond to the
downward key 2508d.

18357) A user can actuate the regions near the respective keys to perform user
interface functions related to these keys. For example, a user can actuate the region 2518a to
actuate the upward key 2508a; actuate the region 2518b to actuate the left key 2508b; actuate
the region 2518¢ to actuate the right key 2508c¢; and actuate the region 25184 (o actuate the
downward key 2508d.

[6358] As an example of actuating the hight guide, the user can move the virtual
objects in and out of his or her FOV by actuating the light guide. Scene 2500 in FIG. 25A
schematically iHustrates an example of interacting with virtual objects in the FOV 2550 and
the FOR 2502. As described with reference to FIG. 4, an FOR can comprise a portion of the
environment around the user that is capable of being perceived by the user via the wearable
system, The FOR 2502 can include a group of virtual objects (e.g. 2510, 2520, 2530, 2542,
and 2544) which can be perceived by the user via a display 220. Within the FOR 2502, the

portion of the world that a user perceives at a given time can be referred to as the FOV 2530
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{e.g., the FOV 2550 may encompass the portion of the FOR that the user is currently looking
toward). In the scene 2500, the FOV 2550 is schematically illustrated by the dashed line
2552, The user of the display can perceive multiple obiects in the FOV 2550, such as the
object 2542, the object 2544, and a portion of the object 2530, The FOV 2550 may
correspond to the solid angle that 1s perceivable by the user when looking through the display
such as, ¢.g., the stacked waveguide assembly 480 (FIG. 4) or the planar waveguide 600
{FIGG. ). As the user’s pose changes {e.g., a head pose or an eye pose), the FOV 2550 will
correspondingly change, and the objects within the FOV 2550 may also change. For example,
the virtual object 2510 is initially outside the user’s FOV 2550, If the user looks toward the
virtual object 2510, the virtual object 2510 may move into the user’s FOV 2550, and the
virtual object 2530 may move outside the user’s FOV 2550.

[8359] The user can actuate light guide to move virtual objects in and out of the
FOV 2550 without changing his or her body poses. For example, the user can actuate the key
2508b to move the virtual objects in the FOV 2550 leftward. Accordingly, the virtual object
2530 may be moved entirely into the FOV 2550. As another example, the user can actuate the
key 25038¢ to move virtual objects rightward and as a result, the virtual object 2510 may be
moved into the FOV 2350 and the virtual object 2530 may be moved outside of the FOV.

18360] Additionally or alternatively, the wearable system can assign a focus
indicator to a virtual object in the FOV 2550 based on the user’s direction of gaze or the
location of the virtual object. For example, the wearable system can assign the focus indicator
to a virtual object that intersects with the user’s direction of gaze or to a virtual object that is
closest to the center of the FOV. The focus indicator can comprise an aura {e.g., around the
virtual object), a color, a perceived size or depth change (e.g., causing the virtual object to
appear closer and/or larger when selected), or other visual effects which draw the user’s
attention. The focus indicator can also include audible or tactile effects such as vibrations,
ring tones, beeps, ctc. For example, the wearable system may imtially assign the focus
indicator to the virtual object 2544, When the user taps at the region 2518c, the user can
actuate the key 2508¢c. Accordingly, the wearable system can move the virtual objects

rightward to transport the focus indicator from the object 2544 to the object 2542, and the
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wearable system can move the object 2510 into the user’s FOV 2550 while moving the object
2530 out of the user’s FOV.

{6361} FIG. 25B illustrates an example inferactive use of a totem with two
inferactable regions. As described with reference to FIG. 25A, the totem 2502 can include the
touch surface 2506 and the light guide. The light guide can simulate the functions of a d-pad
as described with reference to FIG. 25A and can display a halo having 4 arcs 2514a, 2514b,
2514c¢, and 25144, with each arc having a different color.

{8362] The user can actuate the hight guide or the touch surface 2506 to actuate
the totem. For example, in a browser window, the user can actuate the touch surface 2506 to
move a cursor. A left swipe on the touch surface 2506 can be mapped to the back function
while a forward swipe on the touch surface 2506 can be mapped to the forward function for
the browser page. A tap (illustrated by the position 2518} at the 6 o’clock position
{iHluminated with the arc 2514d) can cause the browser to scroll down and a tap at the 12
o’clock position (illuminated with the arc 2514a) can cause the browser to scroll up. Holding
at the 6 o’clock position or the 12 o’clock position can guickly scroll the page.

{6363} The totem can provide visual feedback when the user actuates the totem.
For example, when the user taps at the 6 o'clock position near the arc 2514d, the totem can
increase the brightness of the arc 2514d. Haptic feedback can be used to distinguish whether
the user has actuated the touch surface 2506 or the light guide. For example, when a user taps
on the light guide, the actuator under the touchpad may be activated and provide a vibration,

[6364] FIG. 25C illustrates an example process for interacting with a totem. The
process 2570 may be performed by the wearable system {such as the totem or the wearable
device) described herein.

[6365] At block 2572, the wearable systerm can receive a user input on a totem,
The user input may include a hand gesture, such as a swipe, a tap, a touch, a press, etc. The
totemn can comprise a plurality of interactable regions. For example, the totem can include a
touchpad which can include a touch surface and a hight guide, both of which may be
interactable.

{6366] At block 2574, the wearable system can determine an interactable region

associated with the user input from the plurality of interactable regions. For exaruple, the
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totem’s touch sensor 1350 can determine whether the user has actuated the light guide or the
touch surface. The touch sensor 1350 can also detect the user’s gestures used for actuating the
totemn. For example, the touch sensor can detect whether the user actuates the totem using a
swipe gesture or a tap gesture.

8367) At block 2576, the wearable system can access a light pattern associated
with the user input detected in the interactable region. As described with reference to FIGS.
24A and 248, the light patterns may be different based on the type of user input (e.g., a touch
gesture v. a tap gesture). The light patterns may also be different depending on which
interactable region 18 actuated. For example, if the user actuates the touch surface, the light
patterns may be those illustrated in FIG. 24A but if the user actuates the light guide, the light
patterns may include those shown in FIG. 248,

[6368] At block 2578, the wearable system can instruct the totem’s light sources
{e.g., LEDs} to present a halo comprising the light pattern. For example, the wearable system
can provide instructions on which LEDS should light up, the brightoess of the LEDs, the

colors of the LEDs, the mnovement patterns associated with the light erniited by the LEDs, etc.

Exammles Interactions with Physical Obiects Using a Totem

{8369] FIGS. 26A and 268 iltustrate examples of interacting with physical objects
using a totem. FIG. 26A illustrates an example of a physical environment 2600 which may be
a living room of a user’s home. The environment 2600 has physical objects such as, e.g., a
television (TV) 5110, a physical remote control 5120 (sometimes simply referred to as a
remote), a TV stand 5130, and a window 5140. The user can perceive the physical objects
and mteract with the physical objects. For example, the user may watch the TV 5110 and
control the TV using the remote 5120. The user can control the remote 5120 to turn the TV
5110 on/off or change the channel or volume of the TV 5110,

[6378¢] The user can also nteract with the TV 5110 using the totem 2602, The
totern 2602 can be an embodiment of the totern 1200, which can include multiple interactable
regions. The totern 2602 may be paired with the TV 5110 or the remote 5120 to simulate the
functions of the remote 5120. The functions of the remote 5120 may be mapped to one or

more interactable regions associated with the touchpad, a trigger, or a home button of the
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totem. The touchpad can include a touch surface 2634 and a light guide 2630, where the
touch surface 2634 and the light guide 2630 may be mapped to different types of user
interactions. For example, the touch surface 2634 can be used to switch channels via a swipe
gesture. The hight guide 2630 can be used as a d-pad for adjusting volumes or fast
forward/backward via a tap gesture.

{6371) in FIG. 26B, the light guide can show a light pattern 2622 for a halo
having four arcs: the arc 2632a (which may be in a first color, e.g., blue), the arc 2632b
{which may be in a second color, e.g., yellow), the arc 2632¢ (which may be i a third color,
e.g., red), and the arc 2632d (which may be in a fourth color, e.g., green). The arcs are
posttioned to form an x-shape. As illustrated by arrow 1, when the user 2602 touches a region
near the arc 2632¢ on the hight guide, the user can fast forward the program being played on
the TV 5110. The totem can show the pattern 2624 to indicate that that the user has tapped
near the arc 2632¢. The arc 2632¢ appears to be brighter and longer while other arcs 26323,
2632b, and 2632d are hidden in the pattern 2624.

{8372} The user can also change to the next channel by swiping to the right (as
illusirated by arrow 2. The totem can illuminate a light patfern 2626 to show that the user has
actuated the totermn by a swipe gesture rather than a tap gesture. Even though the user’s 2602
finger is at roughly the same position in the patterns 2626 and 2624, the light patterns
illuminated in these two situations are different because the gestures used to actuate the totem
are different. For example, although the brightness and length of the arc 2632¢ have
increased, other arcs 2632a, 2632b, and 26324 are not hidden in the patiern 2626, Rather, the
totem merely reduces the brightness of the other arcs.

[8373] Although the examples described with reference to FIGS. 26A and 26B
are described without a wearable device, in some embodiments, the user can control a
physical object using a totem while wearing the wearable device. For example, the user can
perceive physical objects through the wearable device and perceive virtual objects projected
by the wearable device. The user can interact with the physical objects as well as the virtual

objects using the totem.
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Examples 6DOF User Experiences with a Totem

{8374} FIG. 27 illustrates an example of moving a virtual object with a multi-
DOF (e.g., 3DOF or 6D0F) totem. The user can change the position of the totem by moving
forward/backward (surging), up/down {swaying), or left/right (heaving). The user can also
change the orientation of the totem by tithing side to side (volling), titling forward and
backward (piiching}, or turning left and right (yawing). By changing the position and
orientation of the totem, the user can perform user various interface operations (such as, e.g.,
by moving on rotating) on virtnal objects.

[8375] A user may hold and move a virtual object by selecting the virtual object
using the totem 2602 and move the virtual object by physically moving the totem 2602. For
example, the totem 2602 may initially be at a first position 5100a. The user 5300 may select a
target virtual object 5400 located at a first position 5100b by actuating the totem 504 (e.g., by
actuating a touch sensitive pad on the totem). The target virtual object 5400 can be any type
of virtual object that can be displayed and moved by the wearable systemn. For example, the
virtual object may be an avatar, a user mnterface element {(e.g., a virtual display), or any type
of graphical element displayed by the wearable system. The user 5300 can move the target
virfual object from the first position 5100b to a second position 5200b along a trajectory
5500b by moving the totem 2602 along a trajectory 5500a.

{8376] As another example, instead of moving the virtual object 5400 from 5100b
to 5200b, the user 5300 may want to pull the virtual object 5400 closer to himself
Accordingly, the user can move the totem to closer to himaself to bring the virtual object 5400
closer,

[8377] As yet another example, the totem 2602 may be at the position 5200a. The
user can rotate the totem for 180 degrees clockwise, and the wvirtual object 5400 can
accordingly be rotated for 180 degrees at the position 5200b.

[B8378] The totem can emit certain light patterns indicating the type of user
inferaction. For example, the ring of LEDs may light a blue color when a user 1s moving the
totem while light a green color when the user is rotating the totem. As another example, the

totem light movement pattern may correspond to the rotation of the totem. For example, the
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jight patiern may include an arc. As the user rotates the totem, the arc can also rotate in the

direction of the yser’s rotation.

Exammles of Decorative and Informative Visual Feedback on a Totem

16379] Some wearable devices can have a himited FOV. Advantageously, in some
embodiments, the totem can provide information associated with objects outside of the FOV
using the light patterns iHuminated by the totem,

{63867 FIGS. 28A and 28B illustrate examples of providing information of
objects via placement and movement of light patterns. FIG. 28A illustrates a person’s FOV
2820 and FOR 2810. The FOR 2810 can contain a group of objects {e.g., objects 2812, 2822,
6050b, 6050c) which can be perceived by the user wearing the wearable system. The FOV
2820 can contain multiple objects (e.g., objects 6058, 2822). The FOV can depend on the size
or optical characteristics of the wearable system, for example, clear aperture size of the
transparent window or lens of the head mounted display through which light passes from the
real world in front of the user to the user’s eves. In some embodiments, as the user’s 6100
pose changes (e.g., head pose, body pose, and/or eye pose), the FOV 2820 can
correspondingly change, and the objects within the FOV 2820 may also change. As
described herein, the wearable system may inclide sensors such as cameras that monitor or
image objects in the FOR 2810 as well as objects in the FOV 2820. In such embodiments,
the wearable system may alert (for example, via the light patterns on the totem) the user of
unnoticed objects or events occurring in the user’s FOV 2820 or occurring outside the user’s
FOV but within the FOR 2810. In some embodiments, the wearable system can also
distinguish between what the user 6100 is or 1s not directing attention to.

{8381} The obijects in the FOV or the FOR may be virtual or physical objects. The
virtual objects may include, for example, operating system objects such as ¢.g., a terminal for
inputting commands, a file manager for accessing files or directories, an icon, a menu, an
application for audio or video streaming, a notification from an operating system, and so on
The virtual objects may also include objects in an application such as e.g., avatars, virtual
objects n games, graphics or images, etc. Some virtual objects can be both an operating

system object and an object in an application. The wearable system can add virtual clements
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to the existing physical objects viewed through the transparent optics of the head mounted
display, thereby permitting user interaction with the physical objects. For example, the
wearable systemn may add a virtual menu associated with a medical monitor in the room,
where the virtual menu may give the user the option to turn on or adjust medical imaging
equipment or dosing controls using the wearable system. Accordingly, wearable system may
present additional virtual image content to the wearer in addition to the object in the
environment of the user,

{6383] The totem can provide information of objects that are outside of the FOV
via the placement and movement of light patterns. The placement and movement of light
patterns can be calculated and determined by various components of the wearable system,
such as, ¢.g., the totem or the wearable device. The wearable system can use contextual
information associated with the user or the objects to determine the light patterns. For
example, the wearable system can employ factors such as, e.g., the location of the object
{including the proximity of the object relative to the user or the user’s FOV), the urgency of
the object, the type of the object (such as, e.g., whether an object is interactable, what type of
interactions are supported by the object, whether the object is physical or virtual), the
property of the object (such as e.g. competitor’s avatar v. fniend’s avatar), the volume of
information (such as, ¢.g., the number of notifications), the user’s preference, etc. As shown
in the scene 2834 in FIG. 28B, because the object 2840 1s further away from the user 6100
than it is in the scene 2832, the halo 2844 on the totem 2502 may appear to be smaller {(e.g.,
have a shorter angular extent) than the halo 2842 (which has a larger angular extent). As
another example, a halo may have a larger and brighter appearance because the obiject
associated with the halo is more urgent or closer to the user’s FOV.

{6383] The wearable system may assign a color to an aura based on the
characteristics of the associated object. For example, the wearable system may assign a red
color to the aura 60511 because the object 6050b is associated with the red color. Simtlarly,
the wearable system may assign a blue color to the object 60513 because it is an operating
system object and the wearable system assigns the blue color to all operating system objects.

[6384] The wearable systern may assign a color to a halo based on the

characteristics of the associated object. For example, the wearable system may assign a green
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color to the halos 2842 and 2844 because the object 2840 is associated with the green color.
Similarly, the wearable system may assign a red color to the object 6050b because it is an
operating systern object and the wearable system assigns the red color to all operating system
objects. As a result, the halo associated with operating system objects {(including the object
6050b) may be in a red.

{B385] The appearance of the halo may change over time based on a change of the
object associated with the halo. For example, a halo may grow thicker as the object
associated with the halo receives more messages. As another example, the halo 2844 may get
bigger (or brighter) as the object 2840 moves closer to the user or may grow smaller (or
dimmer) as the object 2840 moves away from the user. The position of the halo may also
change as the objects moves. For example, in FIG. 28A, the wearable system may inttially
show a halo associated with the object 6050b on the left side of the totem’s light guide
because the obiect 6050b is to the user's 6100 left. But when the object 6050b moves to the
right side of the user 6100, the wearable system can update the position of the halo to the
right side of the totem’s light guide.

{6386} The appearance of the visual aura may also change based on a change of
the user’s pose. For example, with reference to FIG. 28A, as the user 6100 turns lefiwards,
the object 6850b may become closer to the user’s FOV while the object 6050¢. As a result,
the halo associated with the object 6050b may become brighter (or larger).

{6387] In some situations, the FOR 2810 and the FOV 2820 can include mnvisible
objects that a user cannot directly see. For example, a treasure hunt game may include hidden
treasures {e.g. objects 2812, 2822 illustrated in dashed lines) in the user’s FOR 2810, The
treasure may not be directly visible to the user because it may be buried in a game object,
However, the user can use a virtual tool in the game (such as e.g., a virtual shovel} to reveal
the hidden object. As another example, a user’s physical car keys may be underneath a stack
of papers, and the user may not be able to perceive the physical car keys in the user’s FOV,
The halo can be used to provide an indication of the location of the hidden car keys. For
exarnple, the size and location of an arc of the halo can indicate the relative distance and
orientation between the car keys and the totems. The location of the car keys may be

determined based on the map of the user’s environment {¢.g., based on 1mages acquired by
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the outward-facing imaging system at previous times} or may be determined based on a
wireless communication between the totem {or other components of the wearable system)
with the car keys where the keys are equipped with radio or wireless communication
capacities.

{8388] As yet another example, objects {e.g., object 6050a) may be outside the
user’s visual FOR but may nonetheless potentially be perceived by a sensor {e.g., an
electromagnetic sensor, a radio frequency sensor, a sensor associated with detecting wireless
signals, or another environmental sensor) on the wearable device or the totem. For example,
the object 6050a may be behind a wall in a user’s environment so that the object 6050a is not
visually perceivable by the user. However, the wearable device or the totem may include
sensors that can communicate with the object 6050a.

[6389) The totem can provide information of invisible objects via the hight
patterns. The placement and movement of the light patterns can be based on contextual
information associated with the invisible objects or the user. For example, the placement and
movement of the light patterns on the light guide can act as a compass directing the user to
look or move in a certain direction. As another example, the light patierns may provide a map
of invisible objects in the user’s environment. For example, the totem can illuminate a 30
degree red arc at the one o’clock position indicating the direction of a car key 1s at the user’s
front right while illuminating a 90 degree green arc at the six o’clock position indicating a
user’s cellphone is behind the user. The red arc and the green arc can also be used to indicate
the proximity of the car key and the celiphone. For example, the celiphone is closer to the
user than the car key and, as a result, the green arc is bigger than the red arc. As the user
moves, the placement (or movement) of light patterns can also change. For example, as the
user moves forward, the size of the green arc may decrease while the size of the red arc may
INCrease.

[8356] In certain implementations, the wearable system may present a map of the
user’s physical or virtual environment which can indicate a location of the invisible objects.
For example, av HMD can present a virtual map which shows an in-game object which a user
can uncover, As another example, the HMD can provide, as AR/MR content a focus indicator

or other types of visual indications of the hidden physical car keys {or a virtual object). As the
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user moves around in the environment, the appearance of the focus indicator {e.g., the size
and relative direction from the user) may change. In some situations, the HMD can present a
route to the invisible objects. The map presented by the HMD may be combined with the halo
on the totem fo guide the user to the invisible objects.

[6391) In some embodiments, the totem can present a halo which includes
information associated with multiple objects. For example, a user 6100 may have a red object
6050b to his or her left and an invisible object 2812 behind him. The totem can present a halo
which has a red arc on the left side of the light guide and a silver arc on the bottom of the
light guide, where the red arc corresponds to the red object 6050b and the silver arc
corresponds to the invisible object 2812,

[8392] In addition to or in alternative to using light patterns to provide
information of objects, the display can also be configured to provide information of objects
that are outside of the FOV or are invisible. For example, the display can display a visual
aura for a corresponding object outside of the user’s current FOV. A portion of the visual
aura can be placed on the edge of the user’s FOV of the display. The placement of the aura
can be based on the contextual information of the object,

{6393 Besides visual auras, the wearable system can also inform the user about
objects using a tactile or an audio effect. For example, in a mixed reality game, the wearable
system may notify the user of an approaching competitor through vibrations on the totem.
The wearable systers may provide strong vibrations when the competitor is close to the user,
In another example, the wearable system may use audible sounds to provide position
information of a virtual object. The wearable systern may also use a loud sound to alarm the
user of a virtual competitor which 1s nearby, The tactie, audio, or visual feedback can be
used in combination or in alternative to inform the user about the surrounding objects.

{83941 FIG. 28C illustrates an example process for providing information
associated with an object using light patterns. The process 2870 can be performed by the
wearable system (such as the totem or the wearable device) described herein,

8395] At block 2872, the wearable system can identify an object in the user’s
environment. The object may be a physical or virtual object. The object may be in the user’s

FOR but is outside of the user’s FOV. The object can also be hidden from the user’s view.
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For example, the object may be behind another object {e.g., a wall} or may be visible only
with a certain user interface interaction {e.g., when a user finishes a level in a game).

[6396] At block 2874, the wearable system can access contextual mformation
associated with the object. The contextual information may be used to determine 3 movement
and placement of light patierns associated with the object as shown at block 2874, For
example, the brightness of a halo having the light patiern may be determined based on the
proximity or wrgency of the object. The color of the halo may also match the color of the
object.

{6397] At block 2878, the wearable system can instruct the fotem’s LEDs to
ithaminate in accordance with the light patterns. For example, the instructions may inclhude
which LEDS should light up, the brightness of the LEDs, the colors of the LEDs, the
movement patterns associated with the light emitted by the LEDs, etc.

[6398] FIG. 29A illustrates example hlight placement or movement patterns
indicating the receipt of a notification. The patierns 2912 and 2914 include an irdescent
pattern. The totern can display an iridescent trail in a clockwise cycle (as shown by the
process 2920) to provide notifications. The notifications may be associated with a virtual
object, such as, e.g., an email application, a game, a video application, etc. The notifications
may also be associated with the operating system of the wearable device. One example
notification may be an error message from the operating system of the wearable device.
Additionally or alternatively, the notifications may be associated with physical objects. For
example, the indescence patterns 2912 and 2914 may indicate that the coffee machine 1o the
user’s kitchen has finished brewing,

[6399] The totem can repeat the iridescent frail unti] a threshold condition is
reached. The threshold condition may be based on a duration of time, a user interaction (such
as e.g., an actuation of the trigger 1212), or other contextual information.

{64001 FIG. 298 illustrates an example process for providing a notification using
light patterns on a totem. The example process 2970 can be performed by the wearable
system {such as the totem or the wearable device) described herein,

{6401] At block 2972, the wearable system can determine a status of a virtual

object. For example, the status may include whether the virtual object has received new
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information {e.g., a new message), whether the virtual object is idle, whether the virtual
object has run into a problem, efc.

[6402] Optionally at block 2974, the tofem can generate an alert based at least
partly on the status. For example, the virtual object may be a messenger application. When
the virtual object receives a new message from the user’s friend, the wearable system can
generate an alert indicating that a new message has arrived.

{6483] At block 2976, the wearable system can access a light pattern associated
with the status (or optionally the alert) of the virtual object. The placement or movement
patterns may be determined based on the contextual information associated with the virtual
object {or the alert), such as, e.g., the importance of the alert, the urgency of the alert, the
location of the virtual object, the type of the virtual object, etc.

[6404] At block 2978, the wearable system can instruct the totem’s LEDs to
illuminate in accordance with the light pattern. For example, the wearable systerm can provide
mstructions on which LEDS should light up, the brightness of the LEDs, the colors of the
LEDs, the movement patterns associated with the light emitted by the LEDs, etc.

{8405] In addition to or in alternative to providing information on objects that are
outside of the FOV, the light patterns can also be used to provide information of objects that
are not necessarily outside of the FOV. For example, when a user wins 3 level in a game, the
totem ray light up a halo which has the same colors as the game. Ag another example, with
reference to FIG, 29A, the virtual application associated with the notification may be inside
of the FOV. The user may interact with an email application, for example, by composing a
message while receiving a notification that a new email has arrived.

[6406] The totem can provide visual feedback of the user’s current interaction to a
user or another person of the user’s information. For exaraple, when a user 15 recording a
video with their HMD, the totern can dluminate a blinking red light pattern to reinforce to the
user and to indicate to others nearby that the HMD 1s in a recording mode.

[8487) FIG. 30 illustrates an example light pattern that can be used to inform a
person in the user’s envirorment of the user’s current interaction. For example, when the user
is in a telepresence session, the totem can illuminate the light pattern 3000 {e.g., 3 green halo

with a clockwise movement) via the light goide. The light pattern 3000 can wnform the people
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in the user’s environment that the user s in the telepresence. This may help other people from
getting too close to the user and thereby prevent other people from interrupting the user’s
telepresence session. In addition to or in alternative to light patterns, other types of feedbacks
such as, e.g., haptic, audio, video feedbacks, and so on, can also be used to indicate user’s

current interactions of the wearable system.

Additional Aspects

{8408] In a st aspect, a system comprising: a light emitting assembly of a user
input device, wherein the light emitting assembly is configured to illuminate a plurality of
light patterns for providing information of an object in an environment; a hardware processor
communicatively coupled to the light emitting assembly and programmed to: identity an
object in an environment of 3 user; access contextual information associated with the object;
determine characteristics of a light pattern to be lluminated by the light emitting assembly
based at least partly on the contextual information; and instruct the light emitting assembly to
ithuminate in accordance with the light pattern.

[6409] In a 2nd aspect, the system of aspect 1, wherein the object comprises at
least one of' a physical object or a virtual object.

{6418) in a 3rd aspect, the system of aspect 2, wherein the status of the virtual
object comprises at least one oft a current interaction with the virtual object by the user,
whether the virtual object has received new information, whether the virtual object 1s idle, or
whether the virtual object is in an error state.

8411} In a 4th aspect, the system of any one of aspects 1 — 3, wherein the
characteristics of the light pattern comprises at least one of' a brighiness, a position, a shape,
a size, or a color,

{6412} In a Sth aspect, the system of any one of aspects 1 — 4, wherein the
contextual information associated with the object comprises at least one of' a location of the
object, an urgency of the object, a type of the object, a property of the object, a volume of
information associated with the object, or a preference of the user.

{8413] in a 6th aspect, the system of any one of aspects 1 — 5, wherein the system

further comprises a wearable display device, and the object 1s invisible from a user’s view or
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is outside via the wearable display device, and the hardware processor is programmed to
determaine at least one of a size, shape, or color of the light pattern to provide a cue to the user
for locating the object.

{8414) In a 7th aspect, the system of any one of aspects 1 — &, wherein objectis a
component of a3 wearable system for presenting virtual content to a user, and the light pattern
indicates a status of the component of the wearable system.

{8415] In an &th aspect, the system of aspect 7, wherein the component comprises
at least one of’ the user input device, a wearable display device, or a battery pack.

[8416] In a Sth aspect, the system of any one of aspects 1 — 8, wherein the status
comprises at least one of) a battery status, a power charging status, a wireless pairing status
between the wearable display device and the user input device, a status of a calibration
process of the user input device, or a status of the wearable display device.

[6417] In a 10th aspect, the systern of any one of aspects 1 — 9, wherein the hight
pattern encodes an alert or information associated with the object.

{B418] in an 11th aspect, the system of any one of aspects 1 — 10, wherein the
status comprises at least one oft a current interaction with the object by the user, whether the
object has received new information, whether the object is idle, or whether the object is o an
error state.

[8419] In a 12th aspect, the system of any one of aspects 1 — 11, wherein the
characteristics of the light patterns is configurable by a user via an application programming
interface.

16426} In a 13th aspect, a light-emitting user input device comprising: a touch
component configured to accept a user input; a light emitting assembly configured to output a
plurality of light patterns, the light emitting assembly at least partially swrounding the touch
component; and a hardware processor communicatively coupled to the touch component and
the light emitting assembly, and programmed to: identify 3 user interface operation supported
by the touch component based on contextual information; determine a first light patiern
associated with the user interface operation; generate and transmit jnstructions to the light
emitting asserubly to display a halo having the first ight pattern; receive a user input on the

touch component; and update the halo with a second light pattern to reflect the user input.
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{8421} In a 14th aspect, the hight-emitting user input device of aspect 13, wherein
the contextual information comprises at least one of: an environment of the user, types of
inputs supported by the light-emutting user input device, information associated with objects
that the handheld user input device is configured to interact, or characteristics of a wearable
device associated with the handheld user input device.

{84231 In a 15th aspect, the light-emutting user input device of aspect 13 or 14,
wherein the light emitting assembly comprises a hight guide and a ring of LEDs.

[8423] In a 16th aspect, the light-emitting user input device of any one of aspects
13 — 15, wherein the light emitting assembly is configured to accept a plurality of user inputs
and wherein the hardware processor s further programmed to display the halo based at least
partly on the plurality of user inputs supported by actuating the hight guide.

16424] In a 17th aspect, the light-emitting user input device of any one of aspects
13 — 16, wherein the user input comprises at least one oft a swipe, a tap, a press, or a touch
gesture,

{8425] in an 1&8th aspect, the light-emitting user input device of any one of
aspects, 13 — 17, wherein the hight-emitting user input device comprises at least one of a
totem, a smartwatch, or a smartphone,

[8426] In a 19th aspect, the light-emitting user input device of any one of aspects
13 — 18, wherein the first light pattern provides a cue to a user that the user interface
operation is supported by the light-emitting user input device.

{6427} In a 20th aspect, the hight-emitting user input device of any one of aspects
13 — 19, wherein the hardware processor 18 further programmed to: determine whether the
received user input is improper based on the contextual information; and wherein the second
light pattern provides a visual alert that the received user input is improper in response {0 3
determination that the received user input is improper.

{B8428] In a 21st aspect, the hght-emitting user wnput device of any one of aspects
13 — 20, wherein at least a portion of the halo appears to be brighter or larger in the second

light pattern as compared to the first light pattern.
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[6429] In a 22nd aspect, the hight-enutting user input device of any one of aspects
13 - 21, wherein characteristics of the plurality of light patterns 1s configurable by a user via
an application programmung interface.

{8438] in a 23rd aspect, the light-emitting user input device of aspect 22, wherein
the characteristics comprise at least one oft a placement or movement pattern, a color, 3
brightness, a shape, or a size of an arc.

[8431] In a 24th aspect, the hight-emitting user input device of any one of aspects
13 — 23, wherein the second light pattern indicates, at least one of the following in response
to the user input: a battery status, a power charging status, a wireless paining status between
the handheld user input device and another computing device, or whether the handheld user
input device is idle.

[8432] In a 25th aspect, a method comprising: under control of a hardware
processor: identifying a type of user input supported by a light-emiiting user input device
based on contextual information, wherein the light-emitting user input device comprises a
first element for illuminating a plurality of light patterns and a second element for receiving
user inputs; determining a first light pattern associated with the type of user input supported;
generating and transmitting instructions to the first element to illuminate 3 halo having the
first light patiern; determining a second light pattern based on a user input on the light-
emitting user input device; and updating the halo to the second light pattern in response to the
user input,

[8433] In a 26th aspect, the method of aspect 25, wherein the first element is
further configured to receive another user inputs, and wherein the type of user input for
determining the first light patiern is associated with the other user inputs supported by the
first element. Although aspects 25 and 26 recite the first element and the second element, the
word element may be substituted by the word portion and the word element in these two
aspects can include an mdividual component or a subcomponent, or a combination of
components (subcomponents) of the light-emitting user input device.

{8434] in a 27th aspect, the method of aspect 25 or 26, wherein the contextual
information comprises at least one oft an environment of the user, types of inputs supported

by the hight-emitting user input device, information associated with objects that the handheld
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user input device is configured to interact, or characteristics of a wearable device associated
with the handheld user input device.

[6435] In a 28th aspect, the method of any one of aspects 25 — 27, wherein the
type of user mnput comprises at least one of: a swipe, a tap, a press, or a touch input.

{8436] in a 25th aspect, the method of any one of aspects 25 — 28, wherein the
first light pattern provides a cue to a user that the type of user wput is supported by the light-
emitting user input device.

[8437] In a 30th aspect, the method of any one of aspects 25 — 29, further
comprising: determining whether the user input received by the light-enutting user input
device is improper based on the contextual information; and wherein the second hight pattern
provides a visual alert that the user input is improper in response to 3 determination that the
user input 1s improper.

[6438] In a 31st aspect, the method of any one of aspects 25 — 30, wheremn at least
a portion of the halo appears to be brighter or larger in the second light pattern as compared
to the first light pattern.

{84397 In a 32nd aspect, a hight-emitting user input device comprising: a plurality
of interactable regions configured to receive user inputs, wherein at least one interactable
region of the plurality of interactable regions comprises is part of a light emifting assembly of
the hight-emitting user input device; and a hardware processor programmed to: detect a user’s
actuation of the light-emifting user input device; determine an interactable region among the
plurality of interactable regions corresponding to the user’s actuation; translate the user’s
actuation into a user nput for performing a user interface operation based at least on a type of
the actuation and the interaction region associated with the actuation; and instruct the light
emaitiing assernbly to illuminate a light pattern in response to the user input.

[6446] In a 33rd aspect, the light-emitting user input device of aspect 32, wherein
the hight-emitting user input device further comprise a touch surface and the light emitting
assembly comprises a light guide, and wherein the plurality of interactable regions conmprises
a first interactable region associated with the light guide and a second interactable region

associated with the touch surface.
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8441} In a 34th aspect, the hight-emitting user input device of aspect 33, wherein
in response to a detection that the user actuated the first mteractable region, the hardware
processor is programmed to cause the light enmtting assembly to illuminate a first light
pattern associated with the user input in the first interactable region, and wherein in response
to a detection that the user actuated the second interactable region, the hardware processor is
programmed to cause the light emitting assembly to illuminate a second light pattern
associated with the user input in the second interactable region.

{8442] In a 35th aspect, the hight-emitting user input device of any one of aspects
32 — 34, wherein the light pattern is determined based at least partly on confextual
information associated with the light-emitting user input device.

[8443] In a 36th aspect, the light-emitting user input device of any one of aspects
32 — 35, wherein the user’s actuation comprises at least one of! a swipe, a tap, a press, or a
touch gesture,

8444] In a 37th aspect, the light-emitting user input device of any one of aspects
32 - 36, wherein the light pattern comprises an arcuate region having a color, an arcuate
length, or a visual effect.

{8445] In a 38th aspect, the light-emitting user input device of any one of aspects
32 — 37, wherein the hardware processor is further programmed to communicate with a
wearable device causing the wearable device fo perform a user interface operation based on
the user input.

[8446] In a 3%9h aspect, a method comprising: under control of a hardware
processor: detecting a user’s actuation of a light-emitting user input device, wherein the hight-
emmitiing user jnput device comprises a plurality of interactable regions; determining an
interactable region among the plurality of interactable regions corresponding to the user’s
actuation; translating the user’s actuation into a user input for performing a user interface
operation based at least on a type of the actuation and the interaction region associated with
the actuation; and causing a light emitting assembly of a light-emitting user input device to

illuminate a light pattern in response to the user input.
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{64471 In a 40th aspect, the wethod of aspect 39, wherein the plurality of
interactable regions comprises a first interactable region supporting a first type of user input
and a second interactable region supporting a second type of user input.

{6448] in a 41st aspect, the method of aspect 40, wherein in response o a
detection that the user actuated the first interactable region, the hardware processor is
programmed to cause the light emitting assembly to illursinate a first light pattern associated
with the user input 1o the first interactable region, and wherein in response to a detection that
the user actuated the second interactable region, the hardware processor is programmed to
cause the light emiiting assembly to tluminate a second light pattern associated with the user
input in the second interactable region.

[8449] In a 42nd aspect, the method of aspect 40 or 41, wherein at least one of the
first type of wvser mput or the second type of user input is dependent on contextual
information associated with a user’s interactions with a wearable system, and wherein the
contextual information comprises at least one of a type of application with which a user is
interacting, avatlable user inputs supported by the plurality of interactable regions, or a virtual
environment of the user,

{8458] in a 43rd aspect, the method of any one aspects 39 — 42, wherein the light-
emitting user nput device comprises a touch surface which is divided into one or more
interactable regions.

[8451] In a 44th aspect, the method of any one of aspects 39 — 43, wherein the
light pattern is determined based at least partly on contextual information associated with the
light-emitting user input device.

[6452] In a 45th aspect, the method of any one of aspects 39 — 44, wherein the
plurality of interactable region comprises the light emitting assembly of the light-emitting
user input device.

{8453] in a 46th aspect, the method of any one of aspects 39 — 45, wherein the
user’s actuation comprises at least one of: a swipe, a tap, a press, or a touch gesture.

[6454] In a 47th aspect, the method of any one of aspects 39 — 46, wherein the

light pattern comprises an arcuate region having a color, an arcuate length, or a visual effect.
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[B455] In a 48th aspect, a system for calibrating a light-emitting user input device,
the systern comprising: an outward-facing imaging systern configured to image an
environment; a light-emitting user input device configured to illununate a light pattern; and a
hardware processor in commnunication with the outward-facing imaging system and the light-
emitting user input device and being programmed to: access first movement data acquired by
a sensor of the light-emitting user input device associated with a movement of the light-
emitting user input device from a first pose to a second pose; determine a first image of the
light emtting user input device, wheremn the first mage comprises the light patiemn
corresponding to the first pose of the light-emitting user input device; determine a second
image of the light-emutting user input device acquired by the outward-facing tmaging system,
wherein the second image comprises the light pattern corresponding to the second pose of the
light-emitting user input device; analyze the second image to calculate second movement data
associated with the movement of the light-emitting user input device; detect a discrepancy
between the first movement data and the second movement data; and cause the sensor of the
light-emitting user input device to be calibrated in response to a determination that the
discrepancy passes a threshold condition,

[6456] In a 49th aspect, the system of aspect 48, wherein the movement of the
light-emitting user input device from the first pose to the second pose comprise a change of at
least one of a position or orientation the light-emitting user input device,

{8457] In a 50th aspect, the system of aspect 48 or 49, wherein the first pose or
the second pose corresponds to a fidacial position of the light-emitting user input device.

[8458] In a 51st aspect, the system of any one of aspects 48 — 50, wherein the
light pattern is associated with a halo illuminated by a plurality of light emitting diodes
surrounding a touchable portion of the light-ermiting user input device,

[6459] In a 52nd aspect, the system of any one of aspects 48 — 51, wherein to
calculate the second movement data, the hardware processor is programimed fo calculate a
change in a shape of the halo in the first image and the second image.

{B460] in a 53rd aspect, the system of any one of aspects 48 — 52, wherein the

light-emitting user tnput device is a totem for interaction with an augmented reality device.
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[6461] In a S54th aspect, the system of aspect 53, wherein the sensor 18 part of an
inertial measurement unit (IMU) of the totem, wherein the sensor is calibrated by adjusting at
least one of a responsiveness of the totem to a user’s movement, or a mapping between the
user’s movement and a measurement of the IMUL

{8462] in a 55th aspect, the system of aspect 53 or 54, wherein the totem is further
configured to provide a visual indication to the wuser to move the hight-emutting user input
device from the first pose to the second pose.

[8463] In a 56th aspect, the system of any one of aspects 53 — 55, wherein the
totem has three degrees-of-freedom,

[6464] In a 57th aspect, the system of any one of aspects 48 — 56, wherein the
hardware processor is programmed fo apply a computer vision algorithm to analyze the first
image and the second image to identify the light pattern i the first image and the second
1mage.

{B465] in a 58th aspect, the system of any one of aspects 48 — 57, wherein the
light-emitting user input device can illuminate another light pattern in response to a
determination that a calibration of the light-emitting user input device has been completed.

[8466] In a 59th aspect, the system of any one of aspecis 48 — 58, wherein the
hardware processor is programmed to determine a type of the calibration and wherein the
light pattern illuminated by the light-emitting user input device corresponds to the type of the
calibration.

[6467] In a 60th aspect, a method of calibrating a light-emitting user input device,
the method comprising: under control of a hardware processor: receiving movement data of a
hight-emitting user input device at a pose, wherein the movement data 1s acquired by a sensor
of the light-emitting user input device; receiving an image of the hight-emitting user input
device at the pose; analyzing the image to identify a shape of a light pattern iHluminated by
the light emitting user input device; calculating at least one of a first position or a first
origntation of the light-emitting user input device at the pose based on the movement data;
calculating at least one of a second position or a second orientation of the hight-emitting user
input device at the pose based on the shape of the light pattern; determining a discrepancy

between the first position and the second position, or the first orientation and the second
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orientation; and calibrating the sensor of the light-emitting user input device in response to a
deterraination that the discrepancy passes a threshold condition.

[6468] In a 61st aspect, the method of aspect 60, wherein the first position, the
first orientation, the second position, or the second orientation is calculated with reference to
a fiducial pose.

{6469] In a 62nd aspect, the method of aspect 60 or 61, wherein the shape of the
light pattern in the image is an oval whereas the shape of the light pattern in the fiducial pose
is a circle,

[8476] In a 63rd aspect, the method of any one of aspects 60 — 62, wherein at least
one of a position or movement pattern of the light pattern corresponds to a type of the sensor
being calibrated.

18471} In a 64th aspect, the method of any one of aspects 60 — 63, further
comprising: providing at least one of a visual, audio, or factile feedback in response to a
determination that the calibration is successful.

{8472] in a 65th aspect, the method of aspect 60, wherein calibrating the sensor
comprises adjusting at least one of a responsiveness of the sensor to a user’s movement, or a
mapping between the user’s movement and a measurement of the sensor,

[8473] In a 66th aspect, a system for calibrating a light-emitting user input device,
the system comprising: an outward-facing imaging system configured fo image an
environment and; a hardware processor in communication with the outward-facing imaging
system, and programmed to: receive an image of the environment; analyze the image to
identity a hight-emutting user input device; determine a first pose of the light-emitting user
input device and a first appearance of a hight pattern of an tHluminated halo; 1dentify a second
appearance of the light pattern of the illuminated halo based at least partly on an analysis of
the image; deternune a first change to the hight-ermitting user input device’s pose; receive
movement data of the light-emitting user input device measured by the light-emitting user
input device; calculate a second change to the light-emitting user input device’s pose based at
least in part on an analysis of the image; calculate 3 difference between the first change and

the second change to determine whether the difference passes a threshold; and in response to
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a determination that the difference passes the threshold condition, calibrate the sensor of the
light-emitting user input device.

[6474] In a 67th aspect, the system of aspect 66, wherein the pose of the light-
emitting user input device comprises a position and an onentation of the light-emitting user
input device.

{8475] In a 68th aspect, the system of aspect 66 or 67, wherein the light-enutting
user 1nput device cornprises at least one oft a totem, a smartwatch, or a smartphone, and
wherein the sensor 1s an IMU.L

[847¢6] In a 69th aspect, the system of any one of aspects 66 — 68, wherein in
response to a determination that the difference does not pass the threshold, the hardware
processor is programmed to provide an indication that the sensor is calibrated.

16477} In a 70th aspect, the system of any one of aspects 66 — 69, wherein the
indication comprises a visual, audio, or haptic feedback on the light-emitting user input
device.

oy
7
7

{B478] in a 71st aspect, the system of any one of aspects 66 — 70, wherein the first
position is a fiducial position of the light-emitting user input device.

[6479] In a 72nd aspect, the system of any one of aspects 66 — 71, wherein the
light-emitting user input device is further configured to illuminate a series of light patterns
for guiding a user of the light-emitting user input device to position the user input device into
poses which comprises the first pose and the second pose.

[6486] In a 73rd aspect, the system of any one of aspects 66 — 72, wherein to
calculate the second change to the lighf-emitting user mput device’s pose based at least in
part on the analysis of the tmage, the hardware processor is programmed to determine a
deformation of a shape of the light pattern in the second appearance with respect to the shape
of the light pattern in the first appearance.

{8481} In a 74th aspect, the system of any one of aspects 66 — 73, wherein the
light-emitting user wnput device s part of a wearable system which further comprises a
wearable display for presenting virtual content in an augmented reality, virtual reality, or

mixed reality environment.

117-



WO 2018/201067 PCT/US2018/029988

[6482] In a 75th aspect, the system of aspect 66, wherein to calibrate the sensor,
the hardware processor is programumed to adjust at least one of a responsiveness of the sensor
to a user’s movement, or a mapping between the user’s movement and a measurement of the
SCNSOT.

{8483] in a 76th aspect, a method for calibrating a hight-emitting user input
device, the method comprsing: under control of a light-emmtting user ioput device
comprising a light emitting assermbly and a hardware processor: determining a first pose of
the light-emitting user input device; causing the light emitting assembly o iHuminate a first
light patiern for guiding a user to move the hght-emitting user mput device nto a second
pose; in response to a determination that the light-emitting user input device is moved to the
second pose: acquiring pose data of the light-emitting user input device; calibrating the light-
emitting user input device based at least in part on the pose data; and providing an indication
to the user that the calibration process is completed.

[6484] In a 77th aspect, the method of aspect 76, wherein determining the first
pose 1s based at least in part on data acquired from an inertial measurement umt (IMU) of the
light-emitting user input device.

{B8485] in a 78th aspect, the method of any one of aspects 76 — 77, wherein the
indication comprises at least one of an audio, visual, or tactile mdication,

[6486] In a 79th aspect, the method of any one of aspects 76 — 78, wherein the
indication comprises a second light pattern.

[8487] In an &0th aspect, the method of any one of aspects 76 — 79, wherein the
pose data comprises at least one of position or orientation data of the light-enutting user wput
device,

{8488] In an 81st aspect, the method of any one of aspects 76 — 80, wherein the
pose data of the light-emitting user input device comprises data acquired when the light-
emitting user input device is at a plurality of poses.

{6489] In an 82nd aspect, the method of any one of aspects 76 — 81, further
comprising: causing the light emitting assembly to illuminate a third light pattern indicating

an initiation of a calibration process.
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{6490} In an 83rd aspect, a system for calibrating a light-emitting user ioput
device, the systern comprising: one or more sensors configured o acquire movement data of
the hight-ermitting user input device; a light emitting assembly of the light-emitting user input
device configured to output a plurality of light patterns; and a hardware processor
programmed to: provide a first indication to a user to position the hight-emitting user input
device to a pose; acquire movement data of the light-emitting user mput device to the pose;
calibrate the light-emitting user input device based at least in part on the movement data; and
providing an indication to the user that the calibration process is completed.

[8481] In an 84th aspect, the system of aspect 83, wheremn the first indication
comprises a light pattern whose placement, movement or a combination provides guidance to
the user to move the light-emitting user input device to the pose.

[6492] In an 85th aspect, the systerm of aspect 83 or 84, wherein the light-emitting
user nput device 19 part of a wearable systerm for mteracting with an augmented or mixed
reality environment, the first indication comprises a virfgal image provided by a head-
mounted display of the wearable system, which indicates the pose of the totem to be
positioned by the user.

{8493] In an B6th aspect, the system of any one of aspects 83 — 85, wherein the
hardware processor is further programmed to: provide a second indication nforming that the
light-emitting user input device 1s calibrated, in response to a determination that the light-
emitting user mput device is calibrated; or continue calibrating the light-emitting user mput
device in response o a determunation that in response to a determination that the hight-
emitting user input device is not calibrated.

[8494] In an 87th aspect, the system of any one of aspects 83 — 86, wherein the
hardware processor is further programied to detect an tmitiation condition for starting a
calibration process for the hight-emitiing user input device.

[8495] In an 88th aspect, the system of any one of aspects 83 — 87, wherein to
calibrate the hight-emitting user input device, the hardware processor is programimed to
access an image comprising the light-emitting user input device at the pose and analyze the

movement data and the image to identify discrepancy of at least one of a position or
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orientation of the light-emitting user input device between that calculated from the movement
data and that determined from the image.

[6496] In an 8%h aspect, the system of any one of aspects 83 — 88, wherein the
light-emitting user input device comprises a totem which comprises a touch surface and the
light enutting assembly is positioned adjacent to the touch surface.

{8497] In a 90th aspect, a wearable device for painng a light-eritting user input
device, the wearable device comprising: an outward-facing wmaging system configured to
image an environment; and a hardware processor in communication with the outward-facing
imaging system, and programmed to: receive an image acquired by the outward-facing
imaging system wherein the image comprises a light pattern tlluminated by a light-emitting
user input device; identify a light-emitting user input device to be paired with the wearable
device; analyze the image to identify the light pattern which encodes information associated
with pairing the light-emitting user input device with a wearable device; extract the
information encoded in the light pattern for pairing the hght-emitting user nput device with
the wearable device; and pair the hight-emitting user yaput device with wearable device based
at least in part on the extracted information.

[8498] In a 91st aspect, the wearable device of aspect 90, wherein the hardware
processor is further programmed to: determine whether the pairing between the light-emitting
user input device and the wearable device is successful; and in response to a determunation
that the pairing 18 successful, wstruct the light-emitting user input device to illuminate
another light pattern 1ndicative of a successful pairing.

[8499] In a 92nd aspect, the wearable device of aspect 90 or 91, wherein the
hardware processor is further programmed to communicate with the light-emitting user input
device via a wireless connection in response to a determination that the pairing is successful.

[6506] In a 93rd aspect, the wearable device of aspect 92, wherein the wircless
connection comprises a Bluetooth connection,

[8581] In a 94th aspect, the wearable device of any one of aspects 90 — 93,
wherein the information encoded by the light pattern comprises device information of the

light-emitting user tnput device.
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[6502] In a 95th aspect, the wearable device of any one of aspects 90 — 94,
wherein the hight pattern encodes the information in a binary form.

18583] In a 96th aspect, the wearable device of any one of aspects 90 — 95,
wherein the light pattern comprises one or more colors which encode the information
associated with the pairing.

{6504] In a 97th aspect, the wearable device of any one of aspects 90 — 96,
wherein a portion of the light pattern includes light in a non-visible portion of the
clectromagnetic spectrum.

[8505] In a 98th aspect, the wearable system of any one of aspects 90 - 97,
wherein the wearable device comprises a head-mounted display for presenting virfual content
in a mixed reality environment and outward-facing imaging system comprises a camera
mounted to the head-mounted display.

[8506] In a 99th aspect, a method for pairing a hight-emitting user input device,
the method comprising: under control of a hardware processor: initiating 3 pairing process
between a light-emitting user input device and an electronic device; accessing an image
acquired by a camera wherein the 1mage comprises a light pattern illununated by the light-
emitting user input device; identifying the hight-emutting user input device to be paired with
the eclectronic device; analyzing the image to identify the light patiern which encodes
information associated with pairing the hight-emitting user input device with the electronic
device; extracting the information encoded in the light pattern for pairing the light-emitting
user input device with the electronic device; and pairing the light-emitting user input device
with the electronic device based at least in part on the extracted information.

[6507] In a 100th aspect, the method of aspect 99, wherein the electromic device
comprises a component of a wearable system for presenfing virtual content in a mixed reality
environment.

{6508] in a 101st aspect, the method of aspect 100, wherein the electronic device
comprises another user input device or a head-mounted display.

{6509] In a 102nd aspect, the method of any one of aspects 99 — 101, further
comprising: establishing a wireless connection between the light-emitting user input device

and the electronic device in response to a determination that the pairing process is successful.
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[6516] In a 103rd aspect, the method of any one of aspects 99 — 102, wherein the
information encoded by the light pattern comprises device mformation of the light-emitting
user nput device, wherein the device information comprises at least one of a device
identifier, identification information for the light-emitting user input device, or a key for
pairing the hight-emitting user input device with the electronic device.

{8511} In a 104th aspect, the method of aspect 103, wherein the light pattern
encodes the mformation i a binary form.

[8512] In a 105th aspect, the method of any one of aspects 99 — 104, wherein the
light pattern comprises one or more colors which encode the information of the pairing
process.

[6513] In a 106th aspect, the method of any one of aspects 99 — 105, wherein a
portion of the light pattern includes light in a non-visible portion of the electromagnetic
Spectram,

{8514] in a 107th aspect, 3 system for pairing a light-emitting user input device,
the system comprising: a plurality of ight emitting diodes (LEDSs) configured to output light
patterns; a hardware processor programmed to: nitiate a pairing process with an electronmic
device; cause one or more LEDs of the plurality of LEDs to illuminate a first hight pattern
encoding information for the pairing process; and in response o a determination that the
clectronic device 1s successfully paired, illuminate a second light pattern indicating the
pairing is successtul.

[8515] In a 108th aspect, the system of aspect 107, wherein the first light pattern
encodes at least one of! device information associated with the user wput device or a trigger
message causes the other computing device to inttiate a pairing process.

{6516} In a 109th aspect, the system of aspect 107 or 108, wherein the hardware
processor is programumed to: receive a response from the electronic device during the pairing
process; and cause second one or more LEDs of the plurality of LEDs to illuminate a third
light pattern encoding a reply message in reply to the response.

{8517] In a 110th aspect, the system of any one of aspects 107 — 109, wherein
ithaminations of the one or more LEDs of the plurality of LEDs encode the information of the

pairing process in a binary form.
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[6518] In a 111st aspect, the system of any one of aspects 107 — 110, wherein
colors associated with illuminations of the one or more LEDs encode the information of the
pairing process.

{8519] in a 112nd aspect, the system of any one of aspects 107 —~ 111, wherein a
portion of the first light pattern or the second light pattern includes light in a non-visible
portion of the electromagnetic spectrum,

[6520] In a 113rd aspect, a method comprising: under control of a hardware
processor of a first electronic device comprising a light emitting assembly for illuminating a
plurality of light patterns: initiating a communication between the first electronic device and
a second electronic device; causing the first electronic device to illuminate a light pattern
encoding a message for the communication; receiving a response from the second electronic
device; and causing an indication to be provided to a user of the first electronic device based
at least in part on the response from the second electronic device,

{6521} In a 114th aspect, the method of aspect 113, wherein the communication
comprises a pairing process between the first electronic device and the second electronic
device.

{6523] In a 115th aspect, the method of aspect 114, wherein the first light pattern
encodes at least one of: device information associated with the user input device or a tnigger
message causes the other computing device to initiate a pairing process.

[6523] In a 116th aspect, the method of aspect 114 or 115, wherein the indication
comprises a second light pattern illuminated by the first electronic device indicating the
paining between the first electronic device and the second electronic device has been
completed in response to a determination that the first electronic device and the second
electronic device are successfully paired.

[8524] In 3 117th aspect, the method of any one of aspects 113 — 116, wherein the
indication comprises a third light pattern illuminated by the first electronic device encoding a
reply message in reply to the response.

{8525] In a 118th aspect, the method of any one of aspects 113 — 117, wherein the

first light pattern encodes information in the message mn a binary form.

-123-



WO 2018/201067 PCT/US2018/029988

[6526] In a 119th aspect, the method of any one of aspects 113 — 118, wherein the
light pattern comprises one or more colors which further encodes message of the
communication,

{85271 in a 120th aspect, a light-emitting user input device comprising: 3
touchpad assembly configured to receive user inputs, wherein the touchpad assembly
comprises: a touch surface, a touch sensor 1s coupled to the touch surface, where at least a
portion of the touch sensor 1s underneath the touch surface and s configured to detect an
actuation of the touch surface, a hight-enmtting assembly comprising an optical diffusive
clement and a plurality of light illuminating elements, wherein a hight-emitting assembly is
coupled to the touch sensor and the touch surface and is configured to display a plurality of
light patterns, and a printed circuit board coupled to the light-emitting assembly and the touch
sensor; and a body comprising for supporting the touchpad assembly.

[6528] In a 121st aspect, the light-ermitting user joput device of aspect 120,
wherein at least a portion of the optical diffusive element is overlaid on the touch sensor and
the touch sensor is further configured to detect an actuation of the optical diffusive element.

{6529] in a 122nd aspect, the light-emitting user input device of aspect 120 or
121, wherein the optical diffusive element comprises a light guide.

{6530] In a 123rd aspect, the hight-ermitting user input device of any one of aspects
120 — 122, wheren the optical diffusive element substantially surround the touch surface.

[8531] In a 124th aspect, the light-emitting user input device of any one of aspects
120 — 123, wherein the touchpad assembly further comprises an armature for holding the
light-emitting assembly, the touch surface, and the touch sensor.

[6532] In a 125th aspect, the hght-emitting user input device of any one of aspects
120 — 124, wherein the plurality of hight illuminating elements comprises light emitting
diodes.

{6533] In a 126th aspect, the light-emitting user input device of any one of aspects
120 — 125, turther comprising a connection interface configured to establish a wireless

connection with a wearable device configured to present mixed reality content;
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[6534] In a 127th aspect, the hght-emitting user input device of any one of aspects
120 — 126, wherein the body has an upper portion for supporting the touchpad assembly and a
bottom portion configured to be removably mounted fo a base.

{B335] in an 128th aspect, the light-ermiting user input device of any one of
aspects 120 — 127, wherein the body further comprises at least one of a trigger, bumper, ora
home button for user interactions,

[86536] In an 129th aspect, the light emitting user input device of any one of
aspects 120 — 128, further comprises a hardware processor programmed to control
ithamination of the plurality of light illuminating elements.

{63371 In an 130th aspect, a hght-emitting user input device comprising: a body
comprising an external touch surface; two or more sensors, at least one of which comprises a
touch sensor positioned beneath the touch surface and configured to detect touch input
apphied to the touch surface; a plurality of light-enitting diodes (LEDs) positioned beneath
the touch surface; a hardware processor programmed to: receive data from the two or more
sensors; and activate one or more of the plurality of LEDs based on the data received from at
least one or the two or more sensors.

{6538] In a 131st aspect, the light-emitting user input device of aspect 130, further
comprising one or more optical components positioned adjacent one or more of the plurality
of LEDs, the one or more optical components configured to diffuse light emaitted by the one
or more LEDs adjacent positioned thereto.

[8539] In a 132nd aspect, the hight-emitting user input device of aspect 131,
wherein the one or more optical components are positioned beneath the touch surface,

[6546] In a 133rd aspect, the hight-emitting user input device of aspect 131 or 132,
wherein the one or more optical components are positioned beside the touch surface.

{8541] in a 134th aspect, the hight-emitting user input device of any one of aspects
131 — 133, wherein the one or more optical components comprise at least one light guide.

[6542] In a 135th aspect, the hight-ermitting user input device of any one of aspects
130 — 134, wherein the plurality of LEDs are arranged in a ring beneath the touch surface.

[8543] In a 136th aspect, the light-emitting user input device of any one of aspects

130 — 135, wherein the touch surface is circular.
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[6544] In a 137th aspect, the hight-emutting user input device of aspect 136,
wherein the touch surface is a circular surface with a diameter between 27mm — 40mm.

[8545) In 3 138th aspect, the light-emitting user input device of any one of aspects
130 — 137, wherein the body further comprises an elongated portion configured to be held in
a hand of a user of the light-emitting user input device.

{6546] In a 13%9th aspect, the hight-ernitting user input device of aspect 138,
wherein the body further comprises an upper portion angled relative to the elongated portion,

{8547} In a 140th aspect, the light-emitting user input device of aspect 139,
wherein the touch surface is included as part of the upper portion of the body.

[6548] In a 141st aspect, the hight-emitting user input device of any one of aspects
130 — 140, further comprising a button, wherein the two or more sensors Comprise a pressure
sensor configured to detect actuation of the button,

{65497 In a 142nd aspect, the light-emitting user input device of any one of
aspects 130 — 141, wherein the two or more sensors comprise an inertial measurersent unit
(IMU).

[8556] In a 143rd aspect, the light-emitting user input device of any one of aspects
130 - 142, further comprising a communication interface configured to establish
communications with other electronic devices over a network.

{6551} In a 144th aspect, the hight-enutting user input device of aspect 143,
wherein the hardware processor is further programmed to activate one or more of the
plurality of LEDs based on messages received from other electronic devices over the
network.

{8552] in a 145th aspect, the hight-emitting user input device of aspect 143 or 144,
wherein the other electronic devices comprise components of an augmented reality (AR)
system.

[8553] In a 146th aspect, a wearable system for calibrating a light-emitting user
input device, the wearable system comprising: an outward-facing imaging system configured
to image an environment; a light-emitting user input device configured to iHuminate a light
pattern; and a hardware processor programmed to: acquire first movement data associated

with a movement of the light-emitting user input device from a first pose to a second pose;
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receive a first image of the light-emitting user input device from the cutward-facing imaging
system, wherein the first image comprises a first image of the hight pattern and corresponds to
the first pose of the light-emitting user input device; access a second image of the hight
emitting user input device, wherein the second image comprises a second image of the light
pattern corresponds to the second pose of the light-emithing user input device; analyze the
first image and the second image to calculate second movement data associated with the
movement of the light-emitting user input device; detect a discrepancy between the first
movement data and the second movement data; and calibrate the light-emitting user input
device in response to a determination that the discrepancy passes a threshold condition.

{8554] In a 147th aspect, the wearable systern of aspect 146, where the first pose
and the second pose comprises a position and an orientation of the hight-emitting user mput
device.

[8555] In a 148th aspect, the wearable system of any one of aspects 146 — 147,
wherein the first pose or the second pose corresponds to a fiducial position of the hight-
emitiing user mput device.

[8556] In a 149th aspect, the wearable system of any one of aspects 146 — 148,
wherein the light pattern is associated with a halo, and wherein to calculate the second
movement data, the hardware processor is programmed to calculate a change in a shape of the
halo in the first image and the second image.

{8557] In a 150th aspect, the wearable system of any one of aspects 146 — 149,
wherein the hight-emitfing user input device comprises a totem, a smartphone, or a
smartwatch.

[8558] In a 151st aspect, the wearable system of aspect 150, wherein to calibrate
the light-emitting user input device, the hardware processor is prograromed to calibrate an
inertial measurement unit (IMU) of the totem,

[8559) In a 152nd aspect, the wearable system of aspect 150 or 151, wherein the
light pattern provides an indication to the user of the light-emitting user input device to move

the light-emitting user input device from the first pose to the second pose.
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[65606] In a 153rd aspect, the wearable system of any one of aspects 146 — 152,
wherein the hardware processor is programmed to apply a computer vision algorithm to
analyze the first image and the second 1mage.

{8561] in a 154th aspect, the wearable system of any one of aspects 146 — 153,
wherein the outward-facing imaging system is part of a wearable device configured to present
virtual content to a user.

[6562] In a 155th aspect, the wearable system of any one of aspects 146 — 134,
wherein the hight-emitting user input device can illuminate another light pattern in response
to a deternunation that a calibration of the light-emitting user input device has been
completed.

[6563] In a 156th aspect, a wearable system for calibrating a light-emitting user
input device, the wearable systern comprising: an outward-facing imaging system configured
to image an environment; a hardware processor programmed to: receive an image of the
environment; analyze the image to identify a light-emitting user input device; determine a
first position of the light-emitting user input device and a first light pattern of an illuminated
halo: identify a second light pattern of the illuminated halo based at least partly on an analysis
of the image; determine a first change to the hight-emitting user input device’s position and
orientation; receive movement data of the light-emitting user wnput device measured by an
environmental seusor of the light-emitting user input device; calculate a second change to the
light-emitting user input device’s position and onentation; calculate a difference between the
first change and the second change to determine whether the difference passes a threshold;
and in response to a determination that the difference passes the threshold condition, calibrate
the environmental sensor of the light-emitting user input device,

[6364] In a 157th aspect, the wearable system of aspect 156, wherein the light-
emtiing user input device comprises at least one of! a totem, a sruartwatch, or a smartphone,
and wherein the environmental sensor comprises an IMU.

[8565] In a 158th aspect, the wearable system of aspect 156 or 157, wherein in
response to a determination that the difference does not pass the threshold, the hardware

processor is programmed to provide an indication that the environmental sensor is calibrated.
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[6566] In a 15%9th aspect, the wearable system of aspect 158, wherein the
indication comprises a visual or haptic feedback on the hight-emitting user input device,

[8567) In a 160th aspect, the wearable system of any one of aspects 156 — 159,
wherein the first position is a fiducial position of the light-emitting user input device.

{8568] In a 161st aspect, a wearable system for calibrating a light-emifting user
input device, the wearable system comprising: a light-emitting user input device comprising:
a sensor configured fo acquire movement data of the hight-emitting device; a hight emitting
portion configured to output a light pattern; and a hardware processor programmed to:
provide a first indication to position the light-emitting user input device o a pose; acquire the
movement data of the light-emitting user input device associated with the pose; and calibrate
the light-emitting user input device based on the movement data.

[6569] In a 162nd aspect, the wearable system of aspect 161, wherein the
hardware processor 18 further programmed to: provide a second indication mforming that the
light-emitting user input device is calibrated, in response to a determination that the light-
emitting user input device is calibrated; or continue calibrating the light-emitting user input
device in response to a determination that in response to a determination that the light-
emitting user input device is not calibrated.

{6576] In a 163rd aspect, the wearable systern of aspect 161 or 162, wherein the
first or the second indication comprises at least one oft a visual, audio, or haptic feedback.

[6571) In a 164th aspect, a wearable device comprising: an outward-facing
imaging system configured to image an environment; and a hardware processor programmed
to: identify a light-emitting user input device configured to tluminate a hight pattern;
establish a wireless connection between the wearable device and the light-ermitting user input
device; receive an image of the light-emitting user input device, wherein the image comprises
the illuminated light pattern encoding device information associated with the hight-emitting
user input device; analyze the image of the illuminated light pattern to extract the device
information associated with the light-emitting user input device; and pair the light-emitting
user input device with wearable device.

{6572] In a 165th aspect, the wearable device of aspect 164, wherein the hardware

processor 18 further configured to: determine whether the pairing between the light-enutting
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user input device and the wearable device is successful; and in response to a determination
that the pairing is successful, instruct the light-emutting user input device to illuminate
another light pattern indicative of a successful pairing.

18573] In a 166th aspect, the wearable device of aspect 164 or 165, wherein the
wireless connection comprises a Bluetooth connection.

{8574] In a 167th aspect, the wearable device of any one of aspects 164 — 166,
wherein the light-emitting user 1oput device comprises LEDs configured to output the light
pattern, where illuminations of respective LEDs represent the device information in a binary
form.

[85875] In a 16&th aspect, a light-emitting user input device comprises: a plurality
of light emitting diodes (LEDs) configured to output a hight pattern; a hardware processor
programmed to: initiate a pairing process with a wearable device; iluminate a first light
pattern encoding information for the pairing process; receive a response from the wearable
device regarding the pairing process; and in response to a determination that the computing
device 18 successfully paired, illuminate a second light pattern indicating the painng is
successful.

{B8576] in a 165th aspect, the light-emitting user tnput device of aspect 168,
wherein the first light pattemns encodes at least one of: device information associated with the
user input device or a frigger message causes the other computing device to initiate a pairing
Process.

[8577] In a 170th aspect, the light-emitting user input device of aspect 168 or 169,
wherein the response from the wearable device comprises a request for more information of
the light-emitting user input device, and the hardware processor is programmed to ilhuminate
a third Light pattern encoding a reply message in reply to the response to the request.

[8578] In a 171st aspect, a handheld user input device comprising: a light emitting
portion configured to output a light patiern; and a hardware processor programmed fo:
determine a status of the handheld user input device; access a first light pattern associated
with the status; instruct light emitting portion to display a halo 1n accordance with the first

light pattern; determine an update to the status of the handheld user input device; and in
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response to the update, instruct the light emitting portion to display the halo in accordance
with a second hight pattern.

[6579] In a 172nd aspect, the handheld user input device of aspect 171, wherein
the handheld user input device further comprises a battery and wherein the status comprises
at least one of' a battery status, a power charging status, a wircless pairing status between the
handheld user input device and another computing device, or whether the handheld user input
device is idle.

{6580] In a 173rd aspect, the handheld user mmput device of aspect 171 or 172,
wherein the light emitting portion comprise a light guide and a ring of light-ernitting diodes
(LEDs).

[8581] In a 174th aspect, a wearable system for providing a status of a component
of the wearable system, the wearable system comprising: a handheld user input device
comprising a light emitting portion configured to output a light pattern; a wearable device
comprising a wearable display and a battery pack; and a hardware processor programmed to:
determine a status of the wearable device; access a first light pattern associated with the
status; instruct light emitting portion of the handheld user input device to display a halo in
accordance with the first light pattern; determine an update {o the status of the wearable
device; and in response to the update, instruct the light emitting portion of the handheld user
input device to display the halo in accordance with a second hight pattern.

{6582] In a 175th aspect, the wearable system of aspect 174, wherein the status
comprises at least one of) a battery status, a power charging status, a wireless pairing status
between the wearable device and the handheld user input device, or a status of the wearable
display.

{6383 In a 176th aspect, a handheld user mput device comprising: a touchpad
configured to accept a user nput; a light emutting portion configured fo output a light patiem,
the light emutting portion at least partially surrounding the touchpad; and a hardware
processor programmed to: identity an available user interface operation associated with the
touchpad based on contextual information; determine a light pattern associated with the

available user interface operation; generate and transmit instructions to the hight emitting
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portion to display a halo in accordance with the light patiern; receive a user input on the
touchpad; and update a placement or movement of the light pattern to reflect the user input.

[6584] In a 177th aspect, the handheld user input device of aspect 176, wherein
the contextual information comprises at least one of an enviromment of the handheld user
input device, available inputs associated with the handheld user input device, information
associated with objects that the handheld user input device is configured to interact, or
characteristics of a wearable device paired with the handheld user input device.

{6585] In a 178th aspect, the handheld user mput device of aspect 176 or 177,
wherein the light emitting portion comprises a light guide and a ring of LEDs.

[8586] In a 179th aspect, the handheld user input device of any one of aspects 176
- 178, wherein the light emitting portion is configured to accept a user input and wherein the
hardware processor 1s further programmed to display the halo based at least partly on the user
input associated with the light guide,

{8587] In 3 180th aspect, the handheld user input device of any one of aspects 176
— 179, wherein the user input comprises at least one oft a swipe, a tap, a press, or a touch, and
wherein the user input device comprises at least one of a totem, a smartwatch, or a
smartphone.

{6588] In a 181st aspect, the handheld user input device of any one of aspects 176
— 180, wherein the hardware processor is further configured to: determine whether the
received user input is improper; in response to a determination that the user input is
improper, update the light pattern {o reflect that the user input is improper.

[6589] In a 182nd aspect, the handheld user input device of any one of aspects
176 — 181, wherein to update the placement or movement of the light pattern to reflect the
user wmput, the processor is programmed to update a color of the light pattern, update a shape
of the light pattern, update a size or length of the light pattern, or update a visual effect of the
light pattern.

{6590] In a 183rd aspect, a handheld user input device comprising: a light
emitting portion configured fo ouiput a hight pattern, the light emitting portion at least
partially surrounding the touchpad; a plurality of interactable regions configured to receive a

user input; and a hardware processor programmed to: detect the user input in an interactable



WO 2018/201067 PCT/US2018/029988

region among the plurality of interactable regions; access a light pattern associated with the
user input detected in the interactable region; and instruct the light emitting portion to present
a halo comprising the light patiern.

[6591] In a 184th aspect, the handheld user input device of aspect 183, wherein
the handheld user input device further comprise a touch surface and the light emitting portion
further comprises a light guide, and wherein the plurality of interactable regions comprises a
first interactable region associated with the light guide and a second interactable region
associated with the touch surface.

[6592] In a 185th aspect, the handheld user input device of aspect 184, wherein in
response {o a detection that the user input is in the first interactable region, the hardware
processor is programmed to access a first placement or movement of the light pattern
associated with the user input in the first interactable region, and wherein in response to a
detection that the user input is in the second interactable region, the hardware processor is
programmed to access a second placement or movement of the Hight pattern associated with
the user input in the second interactable region.

[8593] In 3 186th aspect, the handheld user input device of any one of aspects 183
— 185, wherein the light pattern is determined based at least partly on contextual information
associated with the handheld user input device.

{6584] In a 187th aspect, the handheld user input device of any one of aspects 183
— 186, wherein the user mput comprises at least one of: a swipe, a tap, a press, or a touch.

[6595] In a 188th aspect, the handheld user input device of any one of aspects 183
- 187, wherein the halo comprises an arcuate region having a color, an arcuate length, or a
visual effect.

[6596] In a 189th aspect, the handheld user input device of any one of aspects 183
— 188, wherein the hardware processor s further programmed to detect additional user imput
in the interactable region among the plurality of interactable regions and in response to the
detection of additional user input, update the halo.

{65971 In a 190th aspect, a handheld user input device comprising: a light
emitting portion contfigured to output a light patiern; and a hardware processor programmed

to: identify an object in an environment of a user; access contextual information associated
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with the object; determine a placement or movement of a light patters based at least partly on
the contextual information; and instruct the light emitting portion to iltuminate in accordance
with the light pattern.

[6598] In a 191st aspect, the handheld user input device of aspect 190, wherein
the object comprises at least one of' a physical object or a virtual object.

{6599] In a 192nd aspect, the handheld user input device of aspect 190 or 191,
wherein the placement or movement of the light pattern comprises at least one of a
brightness, a position, a shape, or a size, a color of a halo.

{86001 In a 19314 aspect, the handheld user input device of any one of aspects 190
- 192, wherein the contextual information associated with the object comprises at least one
of' a location of the object, an urgency of the object, a type of the object, a property of the
object, a volume of information associated with the object, or a preference of the user.

[6601] In a 194th aspect, a wearable system for providing a status of a component
of the wearable system, the wearable system comprising: a handheld user input device
comprising a light emitting portion configured to output a light pattern; a wearable device
configured to present virtual content to a3 user; and a hardware processor programmed to:
identify an object in an environment of the user; access contextual information associated
with the object; determine a placement or movement of a light pattern based at least partly on
the contextual information; and instruct the light emniting portion of the handheld user input
device to illuminate in accordance with the light pattern.

[6602] In a 195th aspect, the wearable system of aspect 194, wherein the
contextual information is determined based at least partly on data acquired by an
envirommental sensor of the wearable device or the handheld user input device.

[6603] In a 196th aspect, the handheld user input device of any one of aspects 190
— 193 or the wearable system of any one of aspects 194 — 195, wherein the light pattern
comprises a color, a shape, a size or length, or a visual effect.

{8684] In a 197th aspect, a handheld user input device comprising: a light
emitting portion contfigured to output a light patiern; and a hardware processor programmed
to: identify a virtual object in an environment of a user; determine a status of the virtual

object; determine a placement or movement of a light pattern based at least partly on the
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status of the virtual object; and mstruct the light emitting portion to illuminate in accordance
with the hight pattern indicative of the status,

[6605] In a 198th aspect, the handheld user input device of aspect 197, wherein
the hardware processor is further programmed to generate an alert indicative of the status of
the virtual object and wherein the alert is encoded in the light pattern.

{6606] In a 199th aspect, the handheld user mput device of aspect 197 or 198,
wherein the status of the virtual object comprises at least one of! a current interaction with the
virtual object by the user, whether the virtual object has received new information, whether
the virtual object 1s idle, or whether the virtual object 1s in an error state.

[8607] In a 200th aspect, a wearable system for providing a status of a component
of the wearable system, the wearable system comprising: a handheld user input device
comprising a light emitting portion configured to output a light pattern; a hardware processor
programmed to: identify a virtual object 10 an envirounment of a user; determine a status of the
virfual object; determine a placement or movement of a light pattern based at least partly on
the status of the virtual object; and instruct the light emitting portion to illuminate in
accordance with the light pattern indicative of the status.

{B608] in a 201st aspect, a system for configuring a placement or movement of a
light pattern of a handheld user input device, the systern comprising: a programming user
interface configured to: receive an input associated with a placement or movement of a light
pattern on a handheld user input device, wherein the handheld user input device comprising a
light enutting portion configured to output the light pattern; provide a visualization of the
placement or movement of the light pattern on a visual representation of the handheld user
input device; and update instructions associated with the handheld user input device to reflect
the placement or movement of the light pattern.

[6609] In a 202nd aspect, the system of aspect 201, wherein the light pattern is
associated with a color, a length, a shape, a visual etfect, or a position relative to the light
emitting portion.

{6618] in a 203rd aspect, the system of aspect 202, wherein the visual effect

comprises a fade-in, a fade-out, a blink, a flash, a rotation, a change in the color, a change in
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the shape, a change in the length, or a change in the position relative to the light emitting
portion,

{6611} In a 204th aspect, the system of any one of aspects 201 — 203, wherein the
programming user interface is further configured to display a visualization tab, a source code
tab, or a pattern adjustiment tool.

{8612] In a 205th aspect, a head-mounted display system comprising: a handheld
user input device comprising: a touchpad configured to accept user input; and a light enutting
portion configured to output a first light pattern from a plurality of light patterns, the light
emitting portion at least partially surrounding the touchpad; and a head-mounted display
configured to present virtual images to the user of the head-mounted display system,

[8613] In a 206th aspect, the head-mounted display system of aspect 205, wherein
the head-mounted display comprises a light field display or a display configured to present
the virtual images at a plurality of depth planes.

{8614] In a 207th aspect, the head-mounted display system of aspect 205 or 206,
wherein the handheld user input device is configured to change the first light pattern to a
second light pattern from the plurality of light patterns in response to one or more of’ {1} user
input received via the touchpad, (2} user input received from a touch sensitive portion of the
light emitting portion, (3) contextual information, or (4) a comununication from the head-
mounted display.

[8615] The light emitting portion described with reference to aspects 146 — 207
may include, individually or in combination, a light guide, LEDs, or other components of the
user input device which facilitate iHuminations of the light patterns. Although the aspects 1 —
128 use the phrase light emitting assembly, these aspects may also recite light emitting

portion instead.

Additional Considerations

[8616] Each of the processes, methods, and algorithms described herein and/or
depicted in the attached figures may be embodied in, and fully or partially automated by, code
modules executed by one or more physical computing systems, hardware computer

processors, application-specific cirenitry, and/or electronic hardware configured to execute
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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 curcuitry, and so forth, A code module may be
compiled and linked into an executable program, installed in a dynamic lok library, or may
be written in an interpreted programning language. In some implementations, particular
operations and methods may be performed by circuitry that is specific to a given function.

{8617} Further, certain implementations of the functionality of the present
disclosure are sufficiently mathewatically, 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 in 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.

[6618] 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 and/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 medioms, including wireless-based and wired/cable-based medioms,
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 stored, persistently or otherwise, in any type of non-fransitory, tangible
computer storage or may be communicated via a computer-readable transmission medium,

[8619] Any processes, blocks, states, steps, or functionalities in flow diagrams
described herein and/or depicted in the attached figures should be understood as potentially
representing code modules, segments, or portions of code which nclude one or more

executable instructions for implementing specific functions (e.g., logical or arithmetical) or
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steps in the process. The various processes, blocks, states, sieps, or functionalities can be
combined, rearranged, added to, deleted from, modified, or otherwise changed from the
illustrative exaroples provided heretn.  In some ewbodimenis, 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 himited to any particular
sequence, and the blocks, steps, or states relating thereto can be performed in other sequences
that are appropriate, for example, in serial, in parallel, or in some other manner. Tasks or
gvents may be added to or removed from the disclosed example embodiments. Moreover, the
separation of various system components in the implementations described herein is for
ithostrative 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.

[6626] The processes, methods, and systems may be implemented in a network
{or distributed) computing environment. Network environments include enterprise-wide
computer networks, intranets, local area vetworks (LAN), wide area networks (WAN),
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 a wireless
network or any other type of communication network,

{6621] 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 atiributes
disclosed herein. The various features and processes described above may be used
independently of one another, or may be combined in various ways. Al 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 o those skilled in the art, and the generic principles defined herein may be applied
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 o be
accorded the widest scope consistent with this disclosure, the principles and the novel

features disclosed herein.
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[6622] Certain features that are described in this specification in the context of
separate implementations also can be implemented i combination i a single
implementation. Conversely, vartous 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 combinations 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 vanation of a subcombination. No
single feature or group of features is necessary or indispensable to each and every
embodiment.

3% 4e

[6623] Conditional language used herein, such as, among others, “can,” “could,”

LAY * s

“might,” “may,” “e.g.,]

>

and the like, unless specifically stated otherwise, or otherwise
understood within the context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not include, certain features, elements
and/or steps. Thus, such conditional language is not generally miended to imply that
features, clements and/or steps are in any way required for one or more embodiments or that
one or more embodiments necessarily inchude logic for deciding, with or without author input
or prompting, whether these features, elements and/or steps are included or are to be

2% Csg

performed in any particular embodiment. The terms “comprising,” “including,

3% &n

having,”
and the like are synonymous and are used inchusively, in an open-ended fashion, and do not
exclude additional elements, features, acts, operations, and so forth, Also, the term “or” is
used in iis inclusive sense (and not 1o 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 hist. In

93 Gé,

addition, the articles “a,” “an,” and “the” as used in this application and the appended claims
are to be construed to mean “one or more” or “at least one” unless specified otherwise,

[6624) As used herein, a phrase referring to “at least one of” a list of tems refers
to any combination of those items, including single members. As an example, “at least one
oft A, B, or C”ig intended 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 Z,” unless specifically

stated otherwise, 18 otherwise understood with the context as used in general to convey that
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an item, term, efc. may be at least one of X, Y or Z. Thus, such conjunctive language is not
generally 1ntended fo mmply that certain embodiments requite at least one of X, at least one of
Y and at least one of 7. to each be present.

8625] Similarly, while operations may be depicted in the drawings in a particular
order, it is to 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
incorporated in 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 illustrated operations, Additionally, the operations may be rearranged
or reordered in other implementations. In certain circumstances, multitasking and paraliel
processing may be advantageous. Moreover, the separation of various system components in
the implementations described above should not be understood as requiring 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
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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WHAT IS CLAIMED IS:

i A system comprising:

a hight emitting assembly of a user mput device, wherein the light emitting
assembly 1s configured to illuminate a plurality of Light patterns for providing
information of an object in an environment;

a hardware processor communicatively coupled to the light emitting assembly
and programmed to:

identify an object in an environment of a user;

access contextual information associated with the object;

determine characteristics of a hight pattern to be lluminated by the
light emitting assembly based at least partly on the contextual information;
and

instruct the light emitting assembly fo illumsinate in accordance with
the light pattern.

2. The system of claim 1, wherein the object comprises at least one oft a physical
object or a virtual object.

3. The system of claim 2, wherein the status of the virtual object comprises at
least one ofi a current interaction with the virtual object by the user, whether the virtual
object has received new information, whether the virtual object is idle, or whether the virtual
object is in an error state,

4. The system of claim 1, wherein the charactenistics of the light pattern
comprises at least one oft a brightness, a position, 3 shape, a size, or a color,

5. The system of claim 1, wherein the contextual information associated with the
object comprises at least one oft a location of the object, an urgency of the object, a type of
the object, a property of the object, a volume of information associated with the object, or a
preference of the user,

6. The system of claim 1, wherein the system further comprises a wearable
display device, and the object 1s invisible from a user’s view or 18 outside via the wearable
display device, and the hardware processor is programmed to determine at least one of a size,

shape, or color of the light pattern to provide a cue to the user for locating the object.
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7. The system of claim 1, wherein object 13 a component of a wearable system
for presenting virtual content to a user, and the light pattern indicates a status of the
component of the wearable system.

8. The system of claim 7, wherein the component comprises at least one of) the
user mput device, a wearable display device, or a battery pack,

9. The system of claim 1, wherein the status comprises at least one of: a battery
status, a power charging status, a wireless pairing status between the wearable display device
and the user input device, a status of a calibration process of the user input device, or a status
of the wearable display device.

10.  The system of claim 1, wherein the light pattern encodes an alert or
information associated with the object.

1. The systern of claim 1, wherein the status comprises at least one of:

a current interaction with the object by the user,
whether the object has received new information,
whether the object is idle, or

whether the object is in an error state.

12.  The system of claim 1, wherein the characteristics of the light patterns is
configurable by a user via an application programming interface.

13. A hght-emitiing user wput device comprising:

a touch component configured to accept a user input;
a hight emitting assembly configured to output a plurality of light patterns, the
light emitting assembly at least partially surrounding the touch component; and
a hardware processor communicatively coupled to the touch component and
the light emitting assembly, and programmed to:
identify a user interface operation supported by the touch component
based on contextual information;
determine a furst light pattern associated with the user interface
operation;
generate and transmit instructions to the light emitting assembly to

display a halo having the first light pattern;
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receive a user input on the touch component; and
update the halo with a second hight pattern to reflect the user 1nput.
14, The Light-emutting user input device of claim 13, wherein the contextual
information comprises at least one of!:
an environment of the user, types of inputs supported by the light-emitting
user input device,
information associated with objects that the handheld user input device is
configured to interact, or
characteristics of a wearable device associated with the handheld user input
device.

15.  The light-emitting user 1nput device of claim 13, wherein the light emutting
assembly comprises a light guide and a ring of LEDs,

16.  The light-emitting user input device of claim 13, wherein the light emitting
assembly is configured to accept a plurality of user inputs and wherein the hardware
processor is further programmed to display the halo based at least partly on the plurality of
user inputs supported by actuating the light guide.

17.  The light-emitting user input device of claim 13, wherein the user input
comprises at least one of: a swipe, a tap, a press, or a touch gesture,

18 The hght-emitting user input device of claim 13, wherein the light-emitting
user input device comprises at least one of a totem, a smartwatch, or a smartphone,

19.  The light-enitting user input device of claim 13, wherein the first light pattern
provides a cue to a user that the user interface operation is supported by the light-emitting
user input device.

20.  The light-emitting user input device of claum 13, wherein the hardware
processor is further programmed to:

determiine whether the received user jnput s improper based on the contextual
information; and

wherein the second light pattern provides a visual alert that the received user
input 1S improper in response to a determination that the received user input is

improper.
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21, The light-emitting user input device of claim 13, wherein at least a portion of
the halo appears to be brighter or larger in the second light pattern as compared to the first
light pattern.

22.  The hght-cotting user input device of claim 13, wherein characteristics of the
plurality of light patterns is configurable by a user via an application programming interface.

23.  The light-emitting user input device of claim 22, wherein the characteristics
comprise at least one of' a placement or movement patiern, a color, a brightness, a shape, ora
size of an arc.

24.  The light-emitting user input device of claim 13, wherein the second light
pattern indicates, at least one of the following in response to the user input: a battery status, a
power charging status, a wireless pairing status between the handheld user input device and
another computing device, or whether the handheld user input device 1s idle.

25. A method comprising:

under conirol of a hardware processor:

identifying a type of user input supported by a light-emitting user input
device based on contextual information, wherein the light-emitting user input
device comprises a first element for lluminating a plurality of light patierns
and a second element for receiving user inputs;

determaining a first hight pattern associated with the type of user nput
supported;

generating and transmitting instructions to the first clement to
ithuminate a halo having the first light pattern;

determining a second light pattern based on a user input on the light-
emitting user input device; and

updating the halo to the second light patiern in response to the user
input.

26.  The method of claim 25, wherein the first element s further configured to
receive another user nputs, and wherein the type of user input for determining the first light

pattern is associated with the other user inputs supported by the first element.
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27.  The method of claim 25, wherein the contextual information comprises at
least one of!

an environment of the user, types of inputs supported by the light-emitting
user input device,

information associated with obiects that the handheld user input device 15
configured to interact, or

characteristics of a wearable device associated with the handheld user input
device.

28.  The method of claim 25, wherein the type of user input comprises at least one
of: a swipe, a tap, a press, or a touch mput.

29.  The method of claima 25, wherein the first light pattern provides a cue o a user
that the type of user input is supported by the light-emitting user input device.

30.  The method of claim 25, further comprising:

determining whether the user input received by the light-emitting user input
device 1s improper based on the contextual information; and

wherein the second light pattern provides a visual alert that the user input is
fmproper in response to a determination that the user input is tmproper.

31.  The method of claim 25, wherein at least a portion of the halo appears to be
brighter or larger in the second light patiern as compared to the first light pattern.
32. A hight-emitting user input device comprising:

a plurality of interactable regions configured to receive user inputs, wherein at
least one interactable region of the plurality of interactable regions comprises is part
of a light emitting assembly of the light-enutting user input device; and

a hardware processor programmed to:

detect 3 user’s actuation of the light-emitting user input device;

determine an inleractable region among the pluorality of interactable
regions corresponding to the user’s actuation;

translate the user’s actuation into a user input for perfornuing a user
inferface operation based at least on a type of the actuation and the interaction

region associated with the actuation; and
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instruct the light emitting assembly to illuminate a hight pattern in
response to the user input.

33.  The hght-emitting user wput device of claim 32, wherein the light-emitting
user input device further comprise a touch surface and the light emiiting assembly comprises
a hight guide, and wherein the plurality of interactable regions comprises a first interactable
region associated with the light guide and a second interactable region associated with the
touch surface.

34.  The light-emutting user input device of claim 33, wherein in response to a
detection that the user actuated the first interactable region, the hardware processor is
programmed to cause the light emitting assembly to illurainate a first light pattern associated
with the user input 1o the first interactable region, and wherein in response to a detection that
the user actuated the second interactable region, the hardware processor is programmed to
cause the light emiiting assembly to tluminate a second light pattern associated with the user
input in the second interactable region.

35.  The light-emitting user input device of claim 32, wherein the light pattern is
determined based at least partly on contextual information associated with the light-emitting
user input device.

36. The light-enmtting user input device of claim 32, wherein the user’s actuation
comprises at least one of: a swipe, a tap, a press, or a touch gesture,

37.  The hight-emitting user input device of claim 32, wherein the light pattern
comprises an arcuate region having a color, an arcuate length, or a visual effect.

38.  The light-emutting user input device of claim 32, wherein the hardware
processor is further programmed to communicate with a wearable device causing the
wearable device to perform a user interface operation based on the user input.

39. A method comprising:

under control of a hardware processor:
detecting a user’s actuation of a hight-emitting user 1nput device,
wherein the light-enutting user input device comprises a plurality of

interactable regions;
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determining an interactable region among the plurality of interactable
regions corresponding to the user’s actuation;

translating the user’s actuation into a user nput for performing a user
interface operation based at least on a type of the actuation and the interaction
region associated with the actuation; and

causing a light emitting assembly of a light-emitting user input device
to illuminate a light pattern in response to the user input.

40.  The method of claim 39, wherein the plurality of interactable regions
comprises a first interactable region supporting a first type of user input and a second
interactable region supporting a second type of user input.

41.  The method of claim 40, wherein in response to a detection that the user
actuated the first interactable region, the hardware processor is programmed to cause the light
emitting assernbly to illuminate a first hight patiern associated with the user inpuf in the first
interactable region, and wherein in response to a detection that the user actuated the second
interactable region, the hardware processor is programmed to cause the light emitting
assembly to illuminate a second light pattern associated with the user input in the second
interactable region.

42.  The method of claim 40, wherein at least one of the first type of user mnput or
the second type of user input s dependent on contextual information associated with a user’s
inferactions with a wearable system, and wherein the contextual information comprises at
least one of a type of application with which a user is interacting, available user inputs
supported by the plurality of interactable regions, or a virtual environment of the user.

43, The method of claim 39, wherein the light-emitting user input device
comprises a touch surface which is divided into one or more interactable regions.

44.  The method of claim 39, wherein the light pattern is determined based at least
partly on contextual information associated with the hight-emitting user nput device.

45.  The method of claima 39, wherein the plurality of interactable region comprises
the light emiiting assembly of the light-emitting user input device.

46.  The method of claim 39, wherein the user’s actuation comprises at least one

of' a swipe, a tap, a press, or a touch gesture.
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47.  The method of claim 39, wherein the light pattern comprises an arcuate region
having a color, an arcuate length, or a visual effect.
48. A system for calibrating a lighi-emitting user wput device, the system
comprising:
an outward-facing imaging system configured to image an environment;
a light-emitting user input device configured to illuminate a light pattern; and
a hardware processor in communication with the outward-facing imaging
system and the light-emitting user input device and being programmed to:
access first movement data acquired by a sensor of the light-emitting
user wmput device associated with a moversent of the hight-emitting user input
device from a first pose to a second pose;
determine a first image of the light emitting user input device, wherein
the first image comprises the light pattern corresponding to the first pose of
the light-emitting user input device;
determine a second image of the ligh{-emitting user input device
acquired by the outward-facing imaging system, wherein the second image
comprises the light pattern corresponding to the second pose of the hight-
emitting user input device;
analyze the second image to calculate second movement data
associated with the movement of the hight-emitiing user input device;
detect a discrepancy befween the first movement data and the second
movement data; and
cause the sensor of the light-emitting user input device to be calibrated
in response to a determination that the discrepancy passes a threshold
condition.
49.  The system of claim 48, wherein the movement of the light-ermitting user
input device from the first pose to the second pose comprise a change of at least one of a
position or onientation the light-emitting user input device,
50.  The system of claim 48, wherein the first pose or the second pose corresponds

to a fiducial position of the light-emitting user input device.
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51.  The system of claim 48, wherein the light pattern is associated with a halo
illuminated by a plurality of hght emitting diodes surrounding a touchable portion of the
light-emitting user input device.

52. The systern of claim 48, wherein to calculate the second movement data, the
hardware processor is programmed to calculate a change in a shape of the halo in the first
image and the second image.

53, The system of claim 48, wherein the light-emitting user input device is a totem
for interaction with an augmented reality device.

54.  The system of claim 53, wherein the sensor is part of an inertial measurement
unit (IMU) of the totem, wherein the sensor i1s calibrated by adjusting at least one of a
responsiveness of the totem to a user’s movement, or a mapping between the user’s
movement and a measurement of the MU,

55.  The system of claim 53, wherein the fotem 1s further configured to provide a
visual indication to the user to move the light-emitting user input device from the first pose to
the second pose.

56.  The system of claim 53, wherein the totem has three degrees-of-freedom.

57.  The system of claim 48, wherein the hardware processor is programmed to
apply a coraputer vision algorithm to analyze the first image and the second image to identify
the light pattern in the first image and the second 1mage.

58.  The system of claim 48, wherein the hght-enitting user input device can
illuminate another light pattern in response to a determination that a calibration of the light-
emitting user input device has been completed.

59.  The system of claim 48, wherein the hardware processor is programmed to
determine a type of the calibration and wherein the light pattern illuminated by the light-
emitting user input device corresponds to the type of the calibration.

60. A method of calibrating a hight-emitling user input device, the method
comprising:

under control of a hardware processor:
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receiving movement data of a light-emitting user input device at a
pose, wherein the movement data is acquired by a sensor of the light-emitting
user input device;

receiving an image of the light-coifting user input device at the pose;

analyzing the image to identify a shape of a light pattern tHluminated by
the light emitting user input device;

calculating at least one of a first position or a first orientation of the
light-emitting user input device at the pose based on the movement data;

calculating at least one of a second position or a second orientation of
the light-ermitting user input device at the pose based on the shape of the light
pattern;

determining a discrepancy between the first position and the second
position, or the first orientation and the second onentation; and

calibrating the sensor of the light-emitting user input device in
response to a determination that the discrepancy passes a threshold condition.

61. The method of claim 60, wherein the first position, the first orientation, the
second position, or the second orientation is calculated with reference to a fiducial pose.

62.  The method of claim 60, wherein the shape of the light pattern in the tmage is
an oval whereas the shape of the light pattern in the fiducial pose 1s a circle.

63. The method of claim 60, wherein at least one of a position or movement
pattern of the light pattern corresponds to a type of the sensor being calibrated.

64.  The method of claim 60, further comprising: providing at least one of a visual,
audio, or tactile feedback in response to a determination that the calibration is successtul.

65.  The method of claim 60, wherein calibrating the sensor comprises adjusting at
least one of a responsiveness of the sensor to a user’s movement, or a8 mapping between the
user’s movement and a measurement of the sensor.

66. A sysiern for calibrating a hight-emitting user input device, the system
comprising:

an outward-facing imaging system configured to image an environment; and
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a hardware processor in communication with the outward-facing imaging
system, and programmed to:

receive an image of the environment;

analyze the mmage to identify a light-emitting user input device;

determine a first pose of the light-emitting user input device and a first
appearance of a light pattern of an illuminated halo;

identify a second appearance of the light pattern of the ithuminated halo
based at least partly on an analysis of the image;

determine a first change to the light-emitting user input device’s pose;

receive movement data of the light-emitting user input device
measured by the light-enutting user 1oput device;

calculate a second change to the light-emitting user input device’s pose
based at least in part on an analysis of the image;

calculate a difference between the first change and the second change
to determine whether the difference passes a threshold; and

in response to a determination that the difference passes the threshold
condition, calibrate the sensor of the light-emitting user input device.

67.  The system of claim 66, wherein the pose of the light-emitting user ioput
device comprises a position and an orientation of the light-emitting user input device.

68.  The systern of claim 66, wherein the light-emitting user input device
comprises at least one of’ a totem, a smartwatch, or a smartphone, and wherein the sensor is
an IMU.

69.  The system of claim 66, wherein in response to a determuination that the
difference does not pass the threshold, the hardware processor is programmed to provide an
indication that the sensor is calibrated.

70. The system of claim 69, wherein the indication comprises a visual, audio, or
haptic feedback oun the light-emitting user input device.

71, The system of claim 66, wherein the first position i1s a fiducial position of the

light-emitting user input device.
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72.  The system of claim 66, wherein the light-emitting user input device is further
configured to ifluminate a series of light patterns for guiding a user of the hght-emitting user
input device to position the user input device into poses which comprises the first pose and
the second pose.

73.  The system of claim 66, wherein to calculate the second change to the light-
emitting user input device’s pose based at least in part on the analysis of the image, the
hardware processor is programmed to determine a deformation of a shape of the light pattern
in the second appearance with respect to the shape of the light pattern in the first appearance.

74.  The system of claim 66, wherein the light-emitiing user input device is part of
a wearable system which further comprises a wearable display for presenting virtual content
in an augmented reality, virtual reality, or mixed reality environment.

75. The system of claim 66, wherein to calibrate the sensor, the hardware
processor 1s programmed to adjust at least one of a responsiveness of the sensor to a user’s
movement, or 3 mapping between the user’s movement and a measurement of the sensor.

76. A method for calibrating a light-emitting user input device, the method
comprising:

under control of a light-emitting user input device comprising a light emitting
assembly and a hardware processor;

determaining a first pose of the light-enutting user input device;

causing the light emiiting assembly to iHuminate a first light pattern
for guiding a user to move the light-emiiting user input device into a second
pose;

in response to a determination that the light-emitting user input device
is moved to the second pose:

acquiring pose data of the hight-emitting user nput device;

calibrating the light-emitting user jnput device based at least 10 part on
the pose data; and

providing an indication to the user that the calibration process is

completed.
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77.  The method of claim 76, wherein determining the first pose is based at least in
part on data acquired from an inertial measurement unmit (IMU) of the light-emitting user
input device.

78.  The method of claim 76, wherein the indication comprises at least one of an

audio, visual, or tactile indication.

79.  The method of claim 76, wherein the indication comprises a second light
pattern.
80.  The method of claim 76, wherein the pose data comprises at least one of

position or orientation data of the light-emitting user input device.

§1.  The method of claim 76, wherein the pose data of the light-emitting user input
device comprises data acquired when the light-eraitting user input device is at a plurality of
poses.

§2.  The method of claim 76, further comprising: causing the light emitting
assembly to illuminate a third light pattern indicating an initiation of a calibration process.

83. A system for calibrating a light-emitting user input device, the system
comprising:

one or more sensors configured to acquire movement data of the light-emitting
user wmput device;
a light emitting assernbly of the hight-emitting user input device configured to
output a plurality of hight patterns; and
a hardware processor programmed to:
provide a first indication to a user to position the light-emitting user
input device to a pose;
acquire movement data of the light-emitting user input device to the
pose;
calibrate the light-emitting user nput device based at least 1 part on
the movement data; and
providing an indication to the user that the calibration process is

completed.
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84.  The system of claim 83, wherein the first indication comprises a light pattern
whose placement, movement or a combination provides guidance to the user to move the
light-emitting user input device to the pose.

85.  The system of claim 83, wherein the light-emitting user input device s part of
a wearable systern for interacting with an augmented or mixed realify enviromment, the first
indication comprises a virtual image provided by a head-mounted display of the wearable
system, which indicates the pose of the totem to be positioned by the user.

86.  The system of claim 83, wherein the hardware processor is further
programmed to:

provide a second indication informing that the light-emitting user input device
is calibrated, in response to a determination that the light-emitting user input device 18
calibrated; or

continue calibrating the light-emitting user nput device in response to a
determination that in response to a determination that the light-emitting user input
device is not calibrated.

B87.  The system of claim 83, wherein the hardware processor is further
programimed to detect an initiation condition for starting a calibration process for the hight-
emitiing user nput device.

88  The system of claim &3, wherein to calibrate the light-emitting user mnput
device, the hardware processor is programmed to access an image comprising the light-
emitting user input device at the pose and analyze the movement data and the image to
identify discrepancy of at least one of a position or orientation of the light-emitting user input
device between that calculated from the movement data and that determined from the image.

89. The system of claim 83, wherein the light-emitting user input device
comprises a totem which comprises a touch surface and the light emitting assembly is
positioned adjacent to the touch surface.

90. A wearable device for pairing a light-emitting user input device, the wearable
device comprising:

an outward-facing imaging system configured to image an environment; and
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a hardware processor in communication with the outward-facing imaging
system, and programmed to:

receive an image acquired by the outward-facing imaging system
wherein the image comprises a light pattern illuminated by a light-eomtting
user input device;

identify a light-emitting user input device to be paired with the
wearable device;

analyze the image to identify the light pattern which encodes
information associated with pairing the light-emitting user input device with 3
wearable device:

extract the information encoded in the light pattern for pairing the
hight-emtting user input device with the wearable device; and

pair the light-emitting user input device with wearable device based at
least in part on the extracted information.

91.  The wearable device of claim 90, wherein the hardware processor is further
programmed to:

determine whether the pairing between the light-emitting user input device
and the wearable device s successful; and

in response to a determination that the pairing 15 successful, mstract the hight-
emaitfing user input device to tuminate another light patiern indicative of a successful
pairing.

92.  The wearable device of claim 90, wherein the hardware processor is further
programmed to communicate with the light-emitting user input device via a wireless
connection in response to a determination that the pairing is successful.

93.  The wearable device of claim 92, wherein the wireless connection comprises a
Bluetooth connection.

94.  The wearable device of claim 90, wherein the information encoded by the
light pattern comprises device information of the light-emitting user input device.

95.  The wearable device of claim 90, wherein the light pattern encodes the

information in a binary form.
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896.  The wearable device of claim 90, wherein the light pattern comprises one or
more colors which encode the formation associated with the pairing.

97.  The wearable device of claim 90, wherein a portion of the light pattern
includes hight in a non-visible portion of the electromagnetic spectrum.

98.  The wearable system of claim 90, wherein the wearable device comprises a
head-mounted display for presenting virfual content in a mixed reality environment and
outward-facing imaging system comprises a camera mounted to the head-mounted display.

99. A wmethod for painng a hight-emitting user input device, the method
comprising:

under control of a hardware processor:

fitiating a patring process between a hight-emitting user 1nput device
and an electronic device;

accessing an image acquired by a camera wherein the image comprises
a light pattern illuminated by the light-emitting user input device;

identifying the light-emitting user input device to be paired with the
electronic device;

analyzing the image to identify the light pattern which encodes
information associated with paining the light-ermitting user 1nput device with
the electronic device;

extracting the information encoded in the light pattern for pairing the
light-emitting user input device with the electronic device; and

pairing the light-emitting user input device with the clectronic device
based at least in part on the extracted information.

100.  The method of claim 99, wherein the electronic device comprises a component
of a wearable system for presenting virtual content in a mixed reality environment.

101, The method of claim 100, wherein the electronic device comprises another
user input device or a head-mounted display.

102. The method of claim 99, further comprising: establishing a wireless
connection between the light-emitting user input device and the electronic device in response

to a determination that the pairing process is successful,
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103.  The method of claim 99, wherein the information encoded by the light pattern
comprises device wnformation of the light-emmiting user input device, wherein the device
information comprises at least one of a device identifier, identification information for the
light-emitting user input device, or a key for pairing the hight-emmitling user input device with
the electronic device.

104.  The method of claim 103, wherein the light pattern encodes the information in
a binary form.

105. The method of claim 99, wherein the light pattern comprises one or more
colors which encode the information of the pairing process.

106.  The method of claimn 99, wherein a portion of the light pattern includes light in
a non-visible portion of the electromagnetic spectrum,

107. A system for pairing a light-emitting user input device, the system comprising:

a plurality of light emitting diodes (LEDs) configured to output light patterns;
a hardware processor programimed to:

initiate a pairing process with an electronic device;

cause one or more LEDs of the plurality of LEDs to illuminate a first
light pattern encoding information for the pairing process; and

tn response to a determination that the electronic device is successfully
paired, iHuminate a second light pattern indicating the pairing 18 successful,

108. The system of claim 107, wherein the first light pattern encodes at least one
of' device information associated with the user imput device or a trigger message causes the
other computing device to initiate a pairing process.

109.  The system of claim 107, wherein the hardware processor is programmed to:
receive a response from the electronic device during the pairing process; and
cause second one or more LEDs of the plurality of LEDs to illuminate a third

light pattern encoding a reply message 1o reply to the respouse.

110.  The system of claim 107, wherein illuminations of the one or more LEDs of

the plurality of LEDs encode the information of the pairing process in a binary form.

111, The system of claim 107, wherein colors associated with illuminations of the

one or more LEDs encode the information of the pairing process.
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112.  The system of claim 107, wherein a portion of the first light pattern or the
second light pattern includes light in a non~-visible portion of the electromagnetic spectrum,

113, A method comprising:

under control of a hardware processor of a first electronic device comprising a
light emitting asserably for ithuminating a plurality of light patterns:

inifiating a communication between the first electronic device and a
second electronic device;

causing the first electronic device to illuminate a light pattern encoding
a message for the communication;

receiving a response from the second electronic device; and

causing an indication to be provided to a user of the first electronic
device based at least in part on the response from the second electronic device.

114, The method of claim 113, wherein the communication comprises a pairing
process between the first electronic device and the second electronic device.

115. The method of claim 114, wherein the first light patiern encodes at least one
of' device information associated with the user input device or 3 trigger message causes the
other computing device to initiate a pairing process.

116, The method of claim 114, wherein the indication comprises a second light
pattern illuminated by the frst electronic device indicating the pairing between the first
electronic device and the second electronic device has been completed in response to a
determination that the first electronic device and the second electronic device are successfully
patred.

117. The method of claim 113, wherein the indication comprises a third light
pattern lluminated by the first electronic device encoding a reply message in reply to the
TESPONSE,

118.  The method of claim 113, wherein the first hight pattern encodes mformation
in the message in a binary form.

119, The method of claim 113, wherein the light pattern comprises one or more
colors which further encodes message of the communication.

120. A hight-emitting user input device comprising;
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a touchpad assembly configured to receive user inputs, wherein the touchpad
assembly comprises:

a touch surface,

a touch sensor coupled to the touch surface, where at least a portion of
the touch sensor is underneath the touch surface and s configured to detect an
actuation of the touch surface,

a light-emitting assembly comprising an optical diffusive element and
a plurality of light illuminating elements, wherein a light-emitting assembly is
coupled to the touch sensor and the touch surface and is configured to display
a plurality of light patterns, and

a printed circuit board coupled to the light-enitting assembly and the
touch sensor; and
a body comprising for supporting the touchpad assembly,

121, The light-emitting user input device of claim 120, wherein at least a portion of
the optical diffusive element is overlaid on the touch sensor and the touch sensor is further
configured to detect an actuation of the optical diffusive element.

122.  The light-emitting user input device of claim 120, wherein the optical
diffusive element comprises a light guide.

123.  The hght-emitting user ioput device of claim 120, wherein the optical
diffusive element substantially surround the touch surface,

124.  The hight-emithing user input device of claim 120, wherein the touchpad
assembly further comprises an armature for holding the light-emitting assembly, the touch
surface, and the touch sensor.

125.  The light-emitting user input device of claim 120, wherein the plurality of
light illuminating elements comprises light emitting diodes.

126.  The light-emitting user input device of claim 120, further comprising a
connection interface configured to establish a wireless connection with a wearable device

configured to present nuxed reality content;
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127.  The light-emitting user input device of claim 120, wherein the body has an
upper portion for supporting the touchpad assembly and a bottom portion configured to be
removably mounted to a base.

128.  The light-emitting user mput device of claim 120, wherein the body further
comprises at least one of a trigger, bumper, or a home button for user interactions,

129.  The light-emitting user input device of claim 120 further comprises a
hardware processor programmed to control illumination of the plurality of light illuminating

elements.
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:] Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found muitiple inventions in this international application, as follows:

-- see extra sheet --

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers

3
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
1re1s§ricted to the invention first mentioned in the claims; it is covered by claims Nus..

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-Continuation of Box llI: Lack of Unity-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-12 are drawn to illuminating a light pattern based on the contextuat information associated with the identified object
with in the environment.

Group II: Claims 13-31 are drawn to updating the halo to a different light pattern based on the determined light pattern associated with
the user input supported.

Group llI: Claims 32-47 are drawn to a device comprising detecting a user?s actuation in the plurality of interactable regions and
illuminating the light emitting assembly and performing an interface operation based on the translated user?s actuation or the interaction
region.

Group IV: Claims 48-65 are drawn to calibrating the sensor of the input by capturing a first and second image, calculating a first and
second change to the input device?s pose, and calculating and determining if the difference passes the threshold.

Group V: Claims 66-89 are drawn to calibrating the input device based in the acquired movement data.

Group VI: Claims 80-112 are drawn to pairing a light-emitting user input device with an electronic device and illuminate a light pattern to
indicate the pairing is successful or encoding information for the pairing process.

Group VIi: Claims 113-119 are drawn to a method for communicating between a first and second device and illuminating a light pattern
encoding a message for the communication.

Group VIII: Claim 120-129 are drawn to a touchpad assembly comprising: a touch surface; a touch sensor connected to the touch
surface, a light-emitting assembly; a printed circuit board connected to the light-emitting assembly and the touch sensor; and a body.

The inventions listed as Groups | through VIl do not relate to a single general inventive concept under PCT Rule 13.1 because under
PCT Rule 13.2 they lack the same or corresponding technical features for the following reasons:

Special Technical Features:
The special technical feature of Group ! is illuminating a light pattern based on the contextual information associated with the identified
object with in the environment, not present in any other group.

The special technical feature of Group Il is updating the halo to a different light pattern based on the determined light pattern associated
with the user input supported, not present in any other group.

The special technical feature of Group Ill is a device comprising detecting a user?s actuation in the plurality of interactable regions and
illuminating the light emitting assembly and performing an interface operation based on the translated user?s actuation or the interaction
region, not present in any other group.

The special technical feature of Group IV is calibrating the sensor of the input by capturing a first and second image, calculating a first
and second change to the input device?s pose, and calculating and determining if the difference passes the threshold, not present in
any other group.

The special technical feature of Group V is calibrating the input device based in the acquired movement data, not present in any other
group.

The special technical feature of Group VI is pairing a light-emitting user input device with an electronic device and illuminate a light
pattern to indicate the pairing is successful or encoding information for the pairing process, not present in any other group.

The special technical feature of Group VIl is a method for communicating between a first and second device and illuminating a light
pattern encoding a message for the communication, not present in any other group.

The special technical feature of Group VIl is a touchpad assembly comprising: a touch surface; a touch sensor connected to the touch
surface,; a light-emitting assembly; a printed circuit board connected to the light-emitting assembly and the touch sensor; and a body, not
present in any other group.

Common Technical Features:

Groups | through VIH share Lhe lechnical feature of a light emitting assembly ot a user input device, wherein the light emitting assembly
is configured to illuminate a plurality of light patterns. However, this shared technical features does not represent a contribution over

US 2010/0194687 A1 (Corson et al.) (hereinafter Corson ) 05 August 2010 (05.08.2010)

Corson teaches a light emitting assembly of a user input device, wherein the light emitting assembly is configured to illuminate a plurality
of light patterns (e.g. An input device providing users with a pointing capability includes a sender portion (100) and a receiver portion
(200)...The sender portion projects a light beam (light output from light source 115) including a pattern onto the target area, abstract; e.g.
Light source 115 can emit visible or non-visible light...output of light source 115 passes through optical system 130. In an embodiment,
optical system 130 includes one or more lenses, filters, diffraction gratings, holographic optics, slides with patterns, and/or other optical
elements. The optical system 130 may disperse and/or encodes patterns on the light emitted from the light source 115 , para [0033]-
[0034)).

-see extra sheet-

Form PCT/ISA/210 (extra sheet) (January 2015)
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-See preceding extra sheet-

Groups | and |l share the technical feature of a contextual information. However, this shared technical features does not represent a
contribution over Corson.

Corson teaches contextual information (e.g. the tracked path may be compared to one or more stored paths corresponding to known
and/or pre-recorded gestures 1008 that are relevant to the context of the video game being played, para [0092]).

Groups IV and V share the technical feature of calibrating a light-emitting user input device, the method comprising: under control of a
light-emitting user input device comprising a light emitting assembly and a hardware processor; encoding information. However, this
shared technical features does not represent a contribution over Corson.

Corson teaches calibrating a light-emitting user input device (e.g. the processing unit determines an approximate position of the target
point due to the margin of error in dispersing the pattern and measuring the intensity at each sensor unit. However, for many
applications, determining an approximate position of the target point is adequate. If needed, additional sensor units, more precisely
calibrated optics in the sender and receiver portions, different patterns, and/or more accurate sensors in the sensor units can reduce the
margin of error, para [0045); abstract), the method comprising: under controt of a light-emitting user input device comprising a light
emitting

assembly and a hardware processor (e.g. sender portion projects a light beam (light output from light source 115) including a pattern
onto the target area, abstract; e.g. One or more pointing actuators 1125 that are mechanically coupled to the camera may exchange
signals with the processor 1101, para [0121]; para [0045]; [0119]-[0120]); encoding information (e.g. encodes patterns on the light
emitted from the light source 115 such that a receiver portion, discussed below, can identify the target point and/or its relative motion,
para [0034)).

Groups IV, V, and VIl share the technical feature of sensor. However, this shared technical features does not represent a contribution
over Corson.

Corson teaches sensor (e.g. sensors of sensor unit 205 can be photo-electric devices, low resolution video cameras, or any other type
of light-sensitive electronic device known in the art, para [0037]).

Groups V and VI share the technical feature of pose; receive movement data. However, this shared technical features does not
reprasent a contribution over Corson.

Corson teaches pose (e.g. information regarding the location and/or orientation of the sender portion 100 may be determined from
measurement of the light intensity pattern at the target, para [0057]-[0061));

receive movermnent data (e.g. the sender portion 100 allows the user to specify an absolute location for a pointer or user interface
element and/or a relative movement of a pointer or user interface element from a previous location, para [0032]; para [0057])-[0061],
[0075)-[0078)).

Groups VI and VIi share the technical feature of the electronic device. However, this shared technical features does not represent a
contribution over Corson.

Corson teaches the electronic device (e.g. an electronic device, para [0012]; para [0039], [0164)).

Groups IV, V, and Vi share the technical feature of an outward-facing imaging system configured to image an environment. However,
this shared technical features does not represent a contribution over Corson in view of
US 2015/0138101 A1 (LG Electronics Inc.) (hereinafter LG) 21 May 2015 (21.05.2015).

Corson fails tn teach an outward-facing imaging system configurod to image an cnvironment.

However, LG, in an analogous art, teaches an outward-facing imaging system configured to image an environment (e.g. rear camera
121" faces a direction which is opposite to a direction faced by the camera 121, para [0130]). It would have been obvious to one of
ordinary skill in the art to have modified the system of Corson by including an outward-facing imaging system configured to image an
environment as taught LG because the modification would a user can view an object positioned at a rear side of a body (LG, para
[0089}).

Thus, unity of invention is lacking under PCT Rule 13.1 because Groups I-Vill do not share a same or corresponding special technical
feature that would provide a unifying contribution over the prior art.
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