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YIRTUAL USER INPUYT CONTROLS IN A MIXED REALITY ENVIRONMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
[o01] This application clairos the benelit of priority ander 35 US.CL § H%{ej to
S, Provisional Application No. 62/430.308, fied on December 3, 2016, entitled
CUNIVERSAL VISUAL REMOTE and ULS. Provisional Application No. 62/430,279, filed
THANISM FOR A VIRTUAL BUTTONT, the

on December §, 20016, entitled “ME

disclosures of which are hereby incorporated by reference herein in thelr entireties.

FIELD
j0062] The present disclosure relates to virtual reality and augmented reality
inaging and visualization systems and more particularly to rendering virtoal user inpwt

conttrols and detecting interactions with the virtual user input controls.

BACKGROUND

OG0 3] Modern computing and  display technologies have facilitated the
development of systems for se called “virtual reality", "angmented reality”, or “mixed
reality” experiences, wherein digitally reproduced tmages or portions thersof are presented to
# user in a manner wherein they seem to be, or may be perceived as, real. A virtual reality, or
VR, scenario typically invobves presentation of digital or virtual image tnformation without
transparency to other actual realoworkd visual input; an sugmented reality, or "AR", scenano
typically involves presentation of digital or virtual image information as an augmentation t©
visualtzation of the actual world around the user; a mixed reality, or “MRY, related to
merging real and virtnal worlds to produce new envivonments where physical and virleal
objects co-exist and interact in real time. As it turns out, the homan visual perception system
is very complex, and prodocing 2 VR, AR, or MR technology that facilitates a comfortable,
natural-fecling, rich presentation of virtpal imsge eloments amongst other virtual or real-
world imagery ¢lements is challenging. Systems and methods disclosed heretn address

various challenges velated to VR, AR and MR technology.
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SUMMARY

j0004] Vartous examples of rendering virtual user input control and detecting an
actuation of the virtual input control are described.

[0005]  As one example, a wearable display system can automatically recognize a
physical remete or a device that the remote serves using computer vision techniques. The
wearable system can gencrate a virtual remote with a virtual control panel viewable and
mteraetable by user of the wearable system. The virtual remote can emulate the functionality
of the physical remnote, The user can select a virtoal remote for interaction, for example, by
looking or pointing at the parent device or s remote control, or by selecting from a mena of
know devices. The virtual remote may wclade a virtual button, which i3 assoctated with a
volume in the physical space. The wearable system can detect that a virtual button is actuated
by determining whether a portion of the user’s body (e.g., the user’s finger) has penetrated
the volume associated with the virtual button.

{08306] Details of one or more implementations of the subject matter described in
this specification are set forth i the sccompanying drawings and the description below.
Other features, aspects, and advaniages will become apparent from the description, the
drawings, and the clasns. Neither this sunumary nor the following detailed deseription

purports to define or limit the scope of the inventive subject malter.

HRIEF DESCRIPTION OF THE DRAWINGS
j8047] FIG. 1 depicts an illostration of a mixed reality scenavio with certain

virtual reality objects, and certain physical objects viewed by a person.

0008] FIG. 2 schematically iltastrates an example of & wearable system.

6609} FIG, 3 schematically dlustrates aspecty of an approach for sunalating
three~dimensional imagery nsing multiple depth planes.

{00146} FIG. 4 schematically illastrales an example of a waveguide stack for
outputting image information to a user.

jo011} FIG. 5§ shows example exit beams that may be outputied by a waveguide.

j0012} FIG. 6 is a schematic diagram showing an optical system including a

waveguide apparatus, an optical coupler subsystem to optically couple Hght to or from the

= Pt
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waveguide apparatus, and a control subsystem, used in the generation of & multi-foeal
volumetric display, image, or light field.

j0013]  FIG. 7 is a block diagram of an example of a wearable system.

[0014]  FIG. 8 is a process flow diagram of an example of a methed of rendering
virtual content i relation to recognized objects.

j0015] FIG. 9 i3 a block diagram of another example of a wearable systeimn,

j8016] FIG. 10 iy a process flow diagram of an example of a method for
determining user inpat to a wearable system,

[0017] FIG. 11 i3 a process flow diagram of an example of a method for
mteracting with a virtual user interface.

[0018] FIG. 12 iHlustrates an example of @ physical environment as perceived by a
user of an augmented reality device.

{0019} FIG. 13 illustrates an example of initiating a selection gvent associated
with 2 virtual remote using a hand gesture.

{0020 FIG. 14 Hlustrajes an example of actusting a virtual remote during @
seleciion event.

j0021} FIG. 13 illustrates an example of automatically hiding a virtaal remote ar
terminating the selection event i a threshold condition is met.

{00221 FIG. 16 illustrates an example process ol rendering a virtual remote.

{0023} FIG. 17 Hlustraies an cxample of detecling an get ol pressmg @ virtual
button by g user.

{0024] FIG. 18 illustrates an example where g user actuates a virtual button by
shiding the virtual button op and down,

[0025]  FIG. 19 illustrates an example where 8 user sctumies a virtual touch
surtace.

[0026] FIG. 20 Hlustrates an example process for nilialing an inferaction event
with & virtual element in a muced reality user interface,

j0027] Throughout the drawings, reference numbers may be re-used o indicate
correspondence between referenced elements.  The drawings are provided to Hlustrate
example embodiments deseribed herein and are not intended to limit the scope of the

disclosure,
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DETAILED DESCRIPTION
Overview

0028 Many devices {also referred to as parent devices) such as televisions,
audio systens, home theaters, home security systems, door bells or door locks, air
conditioners or heaters, thermostals, highting systems {e.g., smart light bulbs), garage door
openers, or other houschold appliances or smart devices cun be operaied by a remote contrel,
The remote confrol may be a physical remote comprising a small hand held device. The
physical remote can comprise buttons {or a fouch sarface) that allow a user of a parent device
to perform basic functions of the device from a distance. The physical remote can
communicate with the parent device using various wireless channels such as an mfrared (IR}
signal or a radio frequency (R¥F} signal such as Bluetooth, Wi-Fi, efe. The eommunication
hebween the physical remote and the parent device may be governed by one or more industry
standards or protocols such as those created by the Infrared Data Association (kDAY or by
the Institute of Electrical and Electronics Engineers (IEEE).

[0829] Over time, the number of houschold applisnces and their corvesponding
remodes has grown in 8 consumer’s home. Increasingly many doviees gre comnected o, and
controllable from, a network (e.g., devices connected {o the Internet of Things) via a remode
conttrol. This situation led fo the introduction of wniversal remote control devices that could
be programmed to emulate the signals generated by some or even all of the remotes that had
been accumulated for different devices, The universal remote control devices may be part of
a smartphone ar a tablet. For example, the smartphone can use software o emulate a physical
remmote and gonerate an IR signal, in conjunction with a condrol imterface appropridte to the
emulated physical remote.

0836 In an augmented reglity (AR) or mixed reality (MR} environment,
however, ennlating a physical remete on a physical device {(such as a smariphone or a tablet}
roay be impracticable because a head-moonted deviee (HMD) may have a small field of view
and the nser may need 10 hold the universal remote control device at an uncomfortable
location to interact with the parent device. In addition, the user in the AR/MR epvironment
can also interact with objects using body poses and gestures and therefore, may not need 8

separate physical device as the universal remote control.
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[0631] The systems and methods described herein ave divected at least in part to
these challenges. For example, a wearable system can astomatically recognize the physical
remofe or the parent device the remote serves using computer vision technigues. In addition,
the wearable system can generate 8 virtual romote with a control panel viewable and
mteractable by the user of the wearable system. The user can identify a parent device or
physical remote using body pose or eye gaze {(e.g., by locking gt or pointing at the parent
device or the physical remote). Upon detecting the body pose or eve gaze, the wearable
system can bring up an associsted virtual remote. The user can also select a virtnal remote
from a menu of known devices,

{0032} The virtual remote may inchude one or more virtnal elements on its control
panel. The virtual elements may include virtual buttons, virtual sliders, virtual toggles, or a
virtual touch surface. Unlike a physical remote or user input device, the virtual remote does
not have g user control element {e.g., a bution or a touch surface) such that the actuation of
the user control clement can directly trigger an electrical signal to be sent from the physical
remoie or the user input device {o the gssociated compuiing device, Advantageously, w some
embodinents, to detect that a user has actoated a virtual elemoent, the wearable system can
detect whether a portion of the user’s body has intersected with an active surface of the
virinal element. The wearable system can caleulate the active surface’s movement based the
user’s movement, For example, the speed and displacement of the active surface’s movement
may be a portion of the movement of the user’s finger, which is being used to virtually touch
a button. When the active surface reaches a certain threshold position, the wearable system
can initiate an interaction event where the wearable system generates a signal indicating that
the user has activated the virtual elament. For example, the wearable system can determine
that the user has pressed a virtual button when the displacement of the active surface has
passed a threshold condition. When the user retracts his finger, the wearable system may
move the active surface back toward #s original position (before the user fnteraction). When
the active sarface moves sufficiently far back {such as passing another threshold position, the
wearable sysient may generate another interaction event associated with releasing the virtual

bution.
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Examples of 30 Display of a Wearable Svstem

[0033] A wearable system (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 viden, or a video, in combination or the like. The wearable system
can include a wearsble device that can present a VR, AR, or MR envirenment, alone or in
combination, for user interaction. The wearable devige can be a head-mounted device
{HMD) which is used interchangeably as an AR device (ARD). Farther, for the parpose of
the present disclosure, the term "AR™ is used interchangeably with the torm “MR™.

{0034} FIG. 1 depicts an ilhustration of a mixed realily scenario with certain
virtual reality objects, and certain physical objecls viewed by a person. I FIG. 1, an MR
sceng 100 is depicted wherein a user of an MR technology sees a real-world park-like setting
10 featuring people, trees, buildings in the background, and a concrete platform 1200 In
addition to these items; the nser of the MR iechneology also perceives that he “sees” a robot
statue 130 standing vpon the realvworld plstform 120, and a cartoon-like avatar character 140
Hytng by which seems o be a personilication of 8 bumble bee, even thongh these claments
do not exist m the real world.

{0035] In order for the 3D display to produce a true seasation of depth, and more
specifically, a simulgted sensation of surface depth, it may be desivable for each point in the
display’s visual fleld 1o generate an accommodative vesponse corresponding to ds virlual
depth. If the accommuodative response 1o a display point does not correspond to the virtnal
depth of that point, asy determined by the binocular depth cues of convergence and stereopsis,
the human eye may experience an accommedation conflict, resulting in unstable imaging,
harmiul eye strain, headaches, and, i the absence of acconunodation information, almost a
complete lack of surface depth.

LRI VR, AR, and MR cxperiences can be provided by display systems having
displays in which images corresponding to a plurality of depth planes are provided to »
viewer. The images may be different for cach depth plane {e.g., provide shightly different
presentations of a scene or object) and may be separately focused by the viewer’s gyes,
thereby helping {0 provide the user with depth cues based on the accommeodation of the eye

required to bring inte focus different image features for the scene located on differcut depth
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plane or based on observing differcnt tmage features on different depth planes bemg out of
focus. As discussed elsewhere herein, such depth cues provide credible perceptions of depth.
[0037)  FIG. 2 illustrates an example of wearable systemy 200. The wearable
systeny 200 includes a display 220, and various mechanical and clectronic modules and
systems to support the fanctioning of display 220. The display 220 may be coupled to a
frame 230, which 8 wearable by n user, wearer, o viewer 210, The display 220 can be
positioned in front of the cyes of the user 210, The display 220 can present AR/VR/MR
content {0 a user. The ti.ispiay 220 can comprise a head mounted display that is worn on the
head of the user. In some ewbodiments, a speaker 240 s coupled to the frame 230 and
positioned sdjacent the ear canal of the user (in some embodiments, another spesker, not
shown, is positioned adjacent the other ear canal of the user to provide for stercofshapeable
sound control}y. The display 220 can include an andio sensor {e.g.. a wucrophone) for
detecting an sudio stream from the eavivonment on which to perform voice recognition,
{0038 The wearable system 200 can include an cutward-facing imaging system
464 {shown m FIQ. 4) which observes the world in the environment ground the user. The
wearahle m 200 can alse inclode an inward-facing imaging system 462 (shown i FIG.
4y which can tack the eve movements of the user. The mward-facing imaging system may
track either one eye’s movements or both eyes” movements. The inward-facing imaging
systemy 462 may be attached to the frame 230 and may be in electrical communication with
the processing modules 260 or 270, which may process image information acquived by the
inward-facing imaging system to determiine, ©.g., the pupill diameters or priestations of the

SYES, EVE movements or 2ye pose of the user 210,

f'}

[0039]  As an example, the wearable system 200 can use the outward-facing
maging system 464 or the inward-facing imaging system 462 1o acquire images of a pose of
the user, The images may be still intages, frames of a video, or a video, in combination or the
like.

j0040]  The wearsble systom 200 can also nclude a sensor 232 configured o
commmumcate with a physical device (such as a television, an air conditioner, or other
household appliances). For example, the wearable system 200 may serve as a virtual remote
for controlling the physical device. The sensor 232 can be an infra-red light source

controdtable by the local processing and data modale 270, The sensor 232 can also emit other
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optical signals or electromagnetic signaly for communications with the physical device. The
communications between the sensor 232 and the physieal devics may conform to one or

more ndustry standards. For example, where the sensor 232 is configured to emit infrared
signgls, the communication botween the sensor 232 and the physical device may be in
accordance with a protocol designed by Infrared Data Assoctation (IrDA). The sensor 232
can be located at the temple (such as the carpieces) of glasses, the nose pad of the wearable
system 200, or other locations on a head-mounted display or remote to the head-mounted
display {such as e.g., on a beltpack). Although the example in FIG. 2 only ilhastrates one
sensor 232, i some embodiments, the display system may be associated with multiple
sensors 232
[0041]  The display 220 can be operatively coupled 250, such as by a wired lead
or wireless connectivity, to a local dats processing moduole 2680 which may be mounted in a
variety of configurations, such as fixedly attached to the frame 230, fixedly attached t© &

helmet or hat womn by the user, embedded in ha:aoI:;s,hu:}mf:t;R or otherwise rmwvabiy sitached to

{{‘!&42} The local processing and data modale 260 mey comprise a hardware
processor, as well as digita] memory, such as non-velatile memory {e.g., flash memory), both
of which may be utilized to assist in the processing, caching, and storage of data. The daia
may include data a) captured from sensors {which may be, e.g., operatively coupled to the
frame 230 or otherwise attached to the user 210), such as image capture devices (e.g.,

cameras in the inward-facing imaging system or the outward-facing imaging systein), awdic

ensors {e.g., microphones), wertial measurcment units (IMUSs), accelerometers, compasses,

m

clobal positioning system (GPS) units, radio devices, or pyroscopes; or by acquired or
processed using romote processig maodale 270 or remote data repository 280, possibly for
passage to the display 220 after such processing or retvieval. The local processing and data
module 260 way be operatively coupled by communication links 262 or 264, such as vig
wired or wireless commumnication hinks, to the remote processing module 270 or remote data
repository 280 such that these remote modules are available as resources to the local
processing and data module 260. In addition, remote processing module 280 and remete data

repository 280 may be operstively coupled te cach other,
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[0043] In some embodiments, the remote processing module 270 may comprise
one or more processors configured to analyze and process data or image information. In
some embodiments, the remote data repository 280 may comprise a digital data stovage
facility, which may be available through the internet or other networking configuration in a
“cloud™ resource configuration. In some embodiments, all data is stored and all computations
are performed in the local processing and deta moedule, allowing fully autonomous use from a
ramote module,

{0044 The hwman visaal system i complicated and providing a realsiic
perception of depth is challenging. Withont being Iimited by theory, #t is believed that
viewers of an object may percelve the object as being three-diroensional due to &
combination of verg and accommodation. Vergence movements {i.e., 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 cach other are closely sssociated with
focusing (or “accommodation”) of the lenses of the eyes, Under norms! conditions, changing
the focus of the lenses of the eyes, or af:mmmo(m{mg the eyes, o change focus from one
objeet to another object at a different distance will astomatically cause a matching change in
vergence o the same distance, under a relationship known as the Ygecommodation-vergenee
reflex.” Likewise, a change in vergence will trigger a matching change in accommedation,
under normal  conditions, Display  systems  that provide a better match  between
acconmmodation and vergence may form more realistic and comforiable simulations of three-
dimensional imagery.

[0845] FIG. 3 illustrates aspects of an approach for simulating a three-
dimensional imagery using multiple depth planes. With reference to FIG. 3, objects at

various distances from oves 302 and 304 on the z-axis are accommodated by the eyes 302
and 304 so that those objects are in focus. The eves 302 and 304 assume pm‘ticuiar
accommaodated sates to bring nto focus objects at dillerent distances along the zaxis
Consequently, a particalar acconunodated state may be said to be associated with a pariicular
one of depth planes 306, which has an assoctated focal distance, such that objects or parts of
objzets in a particular depth plane are in focus when the eye is i the sccommuodated state for
that depth plane. In sone 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
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providing different presentations of the image corresponding fo each of the depth planes.
While shown as being separate for clarity of illnstration, # will be appreciated that the felds
of view of the eyes 302 and 34 may overlap, for example, as distance along the z-gxis
mereases. In addition, while shown as flad for the ease of iHlustration, it will be appreciated
that the contours of a depth plane may be curved in physical space, such that all atures g
depth plane are in foous with the eye in 8 particular sccommodated state. Without being
fimited by theory, 1t is belleved that the human eye typically can interpret a fintte number of
depth planes to provide depth perception. Consequently, a highly believable simulation of
perceived depth may be achieved by providing, to the eve, different presentations of an

image corresponding to each of these limited number of depth planes.

Waveecunide Stack Assembly

{0046]  FIG. 4 illustrates an example of a waveguide stack for outputiing image
information {0 a user, A wearable system 400 includes a stack of waveguides, or stacked
waveguide assembly 480 that may be ulilized to provide three-dimensional perception o the
eyelbvain using a plaality of wavegoides 432b, 434b, 436b, 438h, 4400b. o some
embodiments, the wearable sysiem 400 may correspond o wearable system 200 of FIG, 2,
with FIG. 4 schematically s}mwing some parts of that wearable system 200 in greater detail.
For example, in some embodinents, the wavegnide assembly 480 may be integrated into the
display 220 of FIG. 2.

{0047} With continued reference to FIG. 4, the waveguide assembly 480 may also
mchide a plurality of features 438, 456, 454, 452 between the waveguides. In some
cinbodiments, the Teatures 458, 436, 454, 452 may be lenses. In other embodiments, the
features 458, 456, 454, 452 may not be lenses, Rather, they may simply be spacers {o.g.,
cladding layers or structures for Torming air gaps).

{0048]  The waveguides 433b, 434b, 436b, 438h, 440b or the plurality of lenses
45K, 456, 454, 452 may be configared to send froage information o the eye with various
levely of wavefront curvatwe or light ray divergence. Fach waveguide level may be
associated with a particular depth plane and may be configured to output image information

+

injection devices 420, 422, 424, 426, 428 may be

L

corresponding to that depth plane. Image

utitized to inject image information into the waveguides 440b, 438b, 436h, 434b, 432, sach

10
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of which may be configured to distribute ncoming light across cach respective waveguide,
for putput 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, 436h, 434b, 432b. In some cmbodiments, a single beam of light (cg. a
collimated beam) may be myjected into each waveguide to output an ontire field of cloned
collimated beams that are directed toward the eye 410 at particulsr angles (and amounts of
divergence) corvesponding 1o the depth plane associated with a particolar waveguide.

j0049] it some embodiments, the image igection devices 420, 422, 424, 426, 428
ave discrete displays that each produce image information for injection mto a corresponding
wavegnide 440b, 43Rb, 436h, 434b, 432b, respectively. In some other embodiments, the
image injection devices 420, 422, 424, 426, 428 wre the output ends of a single multiplexed
display which may, e.g.. pipe inmage information via one or mewe optical conduits {such ax
{iber optic cables) to cach of the image injection devices 420, 422, 424, 426, 428,

{8038} A controller 460 controls the operation of the stacked waveguide assembly
480 and the image injection dovices 420, 422, 424, 426, 428, The controller 460 molndes
programming {e.g., instroctions i 8 non-fransitory computer-readable miedium)  that
regulates the tming and provision of image miormation to the waveguides 440b, 438b, 436h,
434b, 432b. In some embodiments, the controller 460 may be & single integral device, or &
distributed system connected by wired or wireless communication channels. The controller
460 may be part of the processing modules 260 or 270 (illustrated I FIG. 2} in some
embaodiments.

{0051}  The waveguides $40b, 438b, 436h, 434b, 432b may be configwred to
propagate Hght within each respective waveguide by total mternal reflection {(TIR). The
waveguides 440h, 438hb, 426b, 434b, 432b may cach be planar or have another shape {(e.g.,
curved), with miajor top and bottom strfaces and edges extending between those major top
and bottom surtaces, In the lustrated configuration, the waveguides 440b, 438b, 436b, 4340,
432b may cach include hght extracting optical elements 4404, 4384, 4364, 4344, 432a that
are configared to exiract light out of a waveguide by redirecting the light, propagating within
cach respective waveguide, out of the waveguide to outpd tmage information to the eye 410,
Extracted light may also be referred to as osutcoupled light, and light extracting optical

cloments may also be reforved to as ontcoupling optical elements. An extracted beam of Light

11
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is cutputted by the wavegnide at locations at which the light propagating in the waveguide
strikes a light redirecting element. The light extracting optical clements (440a, 4383, 43063,
434q, 4324 may, for example, be reflective or diffractive optical features. Wiile illustrated
disposed at the bottom major surfaces of the waveguides 440h, 438b, 436b, 434b, 432b for
case of description and dmawing clarity, in some embodiments, the light extracting optical
elements 440a, 438a, 430a, 434a, 4322 may be disposed at the top or bottom major swrfaces,
or may be disposed divectly m the volome of the waveguwides 4408h, 438b, 436b, 434h, 4320
In some embodiments, the light exiracting optical elements 440a, 438a, 436a, 434a, 4323
may be formed na laver of material that is attached to a transparent substrate to form the
waveguides 440b, 438h, 436h, 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 clements 440a, 438a, 4364, 4344, 4323 may be ormed on a surface or in the interior
of that piece of material.

[0052]  With continued reforence to FIG. 4, as discussed herein, each waveguide
o a perticular depth plane. Por example, the waveguide 432b nearest the eve way be
configured 1o deliver collimated Heht, as injfected nfo such waveguide 432b, to the eve 410,
The collimated light may be represeuntative of the optical infinity focal plane. The next
waveguide up 434b may be configured to send out collimated light which passes through the
first lens 452 {e.g., a negative lens) before it can reach the eyve 410, First lens 452 may be
configured to Sreate a slight convex wavelront curvature so that the eye/bram interprets light
coming from that next wavegnide up 434b as comung from a first focal plane closer mward
toward the eve 410 from optical mfinity, Stmilarly, the third up waveguide 4306b passes s
cutput fight through both the first lens 432 and second lens 434 betore reaching the eye 410
The combined optical power of the fiest and second lenses 452 and 454 way be configuwred o
create another incremental amount of wavelront curvature so that the gye/brain interprets
Hght 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 Hght from the next waveguide

{8033} The other wavepnide layers {e.g., wavegnides 438b, 440b) and lenses

{e.g.. lenses 456, 458) are sinularly configured, with the highest waveguide 440b i the stack
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sending ity output through all of the lenses between it and the eve for an aggre
power representative of the closest focal plane to the person. To compensate for the stack of
lenses 458, 456, 434, 452 when viewing/interpreting light coming front the world 470 on the
other side of the stacked wavegnide assembly 480, g compensating lens layer 430 may be
disposed at the top of the stack 1o compensate for the aggregate power of the lens stack 438,
456, 454, 452 below. Such a configuration provides as many perceived focal planes as there
are available waveguide/lens pairings. Both the light exivacting optical clements of the
wavegnides and the focusing aspects of the lenses may be static {e.g., not dynamic or elsetro-
active). In some alternative embodiments, either or both may be dynamic using electro-active
features.

{0054]  With continued reference to FIG. 4, the Hght extracting optical sloments
440a, 4383, 436a, 4341, 4323 may be configured to both redirect light out of their respective
waveguides and to cutput this light with the appropriate amount of divergence or collimation
for a particular depth plane assoctated with the waveguide. As a result, wavegnides having
different associated depth planes may have different configuraiions of lightextracting optical
elements. which output light with a differemt amount of divergence depending on the
associated depth plane. In some embodiments, as discussed herein, the light extracting
optical elements 440a, 438z, 4362, 434a, 4322 may be volumetric or surface features, which
may be configured o output Hight at specific angles. For example, the light extracting optical
elements 440a, 438a, 436a, 434, 432a may be volume holograms, surface holograms, audior
diffraction gratings. Light extracting optical cloments, such as diffvaction gratings, are
deseribed in ULS, Patend Publication No. 2015/0178939, published June 25, 2015, which i3
wcorporated by reference hérvein i iis entirely.

jO055] I some embodiments, the light extracting optical elements 440a, 438a,
4360, 4340, 432 are diffractive Teatures that fonm g diffraction pattern, or “diffrachive optical
element” (also referved 1o hereln as a “DOET™) Preforably, the DOE has a relatively low
diffraction efficiency so that only a portion of the light of the beam is deflected away toward
the eye 410 with each interscetion of the DOFE, while the rest continues to move through a
waveguide via total internal reflection. The light canrying the image information can thus be

divided mto a number of related eoxit beams that oxit the wavegnide at a muliiplicity of
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locations and the result is a fairly antform pattern of exit emission toward the eye 304 for this
particular collimated beam bouncing around within a waveguide.

[00%6]  Io some embodiments, one or nwore DOEs may be switchable between
“ont” state in which they actively diffract, and “oft” state in which they do not significantly
diffract. For instance, a switchable DOE may comprise g layer of polymer dispersed Haguid
crysial, in which microdroplets comprise a diffraction pattern in & host medium, and the
refractive index of the microdroplets can be swilched to substantially match the refractive
mdex of the host matertal (in which case the paifern does not appreciably dilfract incident
light) or the witcrodroplet can be switched to an index that does not match that of the host
medium (n which case the pattern actively diffracts incident light).

H In some embodiments, the mumber and distribution of depth planes or
depth of field may be varied dynamically based on the pupil sizes or orientations of the eyes
of the viewer. Depth of field may change inversely with a viewer's pupi size. As a result, as
the stzes of the pupils of the viewer’s eves decrease, the depth of ficld increases such that one
plane that is not discernible because the location of that plane is beyvond the depth of focus of
the eye may become discerntble and appear more m focus with reduction of puptl size and
commensurate with the merease i depth of Lield. Likewise, the number of spaced apart
depth planes nsed to present different images to the viewer may be decreased with the
decreased pupll size. For example, a viewer may not be able to clearly perceive the details of
both a first depth plane and a second depth plane at one pupil size without adjusting the
acconwnedation of the eye away from one depth plane and to the other depth plane. These
two depth planes may, bowever, be sufficiently in focus at the same time to the user af
another pupd size without changing sccommandation.

j0058] In some cmbodiments, the display system may vary the npumber of
wavegnides receving image informiation based upon detenmingtions of pupil size or
orientalion, or upon recotving elecirical signals indicative of paticular pupll size or
orientation. For example, i the uset’s eyves are onable to distinguish between two depth
planes associated with two waveguides, then the coniroller 460 (which may be an
embodiment of the local processing and data module 260) can be configured or programmed
o cease providing image information to one of these wavepuides, Advantageously, this may

reduce the processing burden on the system, therchy ncrcasing the responsiveness of the
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systenn In embodiments in which the DOEs for a wavegnide are switchable between the on
and off states, the DOEs may be switched to the off state when the waveguide does recetve
image information.

[0639] In some embodiments, it may be desirable to have an exit beam meet the
condition of having a dlameter that is less than the diameter of the eye of a viewer. However,
meeting s condition may be challenging in view of the variability m size of the viewer's
pupils. In some embodiments, this condition s met over 8 wide range of pupil sizes by
varving the size of the exil beam in response to determinations of the size of the viewer's
pupil. For example, as the papil size decreases, the size of the exit heam may also decrease.
In some embodiments, the exit beam size may be varied using a variable aperture.

0060] The wearable system 400 can inchude an ovtward-facing maging system
464 (e.g., a digital camera) that inmages a portion of the world 470, This portion of the world
470 may be referrad to as the field of view (FOV) of a world camera and the imaging system
464 is sometimes referred to as an FOV camera, The entire region avsilable for viewing or
imaging by a viewer may be referred o ax the field of regard {FOR). The FOR may inelude
4x steradians of solid angle surrownding the wearable system 400 because the wearer can
move his body, head, or eves to percerve substantially any direction n space. In other
contexts, the wearer’s movements may be more constricted, and accordingly the wearer’s
FOR may subtend a smaller solid angle. Images obtained from the outward-facing imaging
systent 464 can be used fo track gestures made by the user {e.g., hand or finger gestures),
detect pbiects in the world 470 i front of the user, and so forth.

{0061}  The wearable system 400 can alse include ap inward-facing imaging
system 466 {e.p., a digital camera), which observes the movemenis of the user, such as the
eye movements and the facial movements, The mward-facing tmaging system 466 may be
used to captare images of the ey 410 fo determine the size andfor orientation of the pupid of
the eve 304, The inward~facing imaging system 466 can be used {o oblain images for use in
determining the direction the user i3 looking {e.g., eye pose} or for biometric identilication of
the wser {e.g., via iris identification). In some embodiments, at least ong camera may be
utitived for each eyve, to separately determine the pupil size or eye pose of gach eye
independently, thereby allowing the presentation of image information to each eye to be

dynamically tatlored to that eve. In some other embodiments, the pupil diamester or
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ortenfation of only a single eve 410 {e.g., using only a single camers per pair of eves) is
determined and assumed to be similar for both eves of the user. The images obtained by the
mward-lacing imaging system 466 may be analyzed to determine the user’s eye pose or
moeod, which can be used by the wearable system 400 to decide which audio or visual content
should be presented to the wser. The wearable system 400 may also determine head pose
g, head position or head orientation) using sensors such as IMUs, sccelerometers,
CYTOSCOPES, etc.

{0062]  The wearable system 400 can tnclude a user input device 466 by which the
user can input commands fo the controlier 460 to ndervact with the wearable system 400. For
example, the user nput device 466 can include a trackpad, s touchsereen, a joystick, s
muhtiple degree-of-freedom (DOF) controlier, a capacitive sensing device, a game controlier,
a keyvboard, a mouse, 8 divectional pad (D-pad), a wand, a haptic device, a totem (e.g.,
functioning ax a virtual nser put device), and so forth, A multi-DOF controller can sense
user input i some or all possible trapslations (o.g., leftright, forwarddackward, or up/down)
or refations {e.g., yaw, pitch, or rolly of the controller, A multi-DOF controller which
supports the translation movenients may be referved to as a 3DOF while a mudti-DOF
controlier which supports the translations and rolations may be referred 1o as 6DOF. Insome
cases, the user may use a finger {e.g., a thumb) to press or swipe on a touch-sensitive input
device to provide nput fo the wearable system 400 (e.g., to provide wser input 1o a user
mierface provided by the wearable systent 400). The user input device 466 may be held by
the uset’s hand during the use of the wearsble system 400. The user input device 466 can be
mwired or wireless communication with the wearable system 400.

{0063 FIG. 5 shows an example of exit beams outputied by a waveguide. One
wavegnide is lustrated, but it will be appreciated that other waveguides in the waveguide
assembly 480 may fanclion similardy, where the wavegnide assembly 480 mncludes multiple
wavegnides. Light 320 i3 injected indo the wavegnide 432b at the inpwt edge 4320 of the
wavegnide 432b and propagates within the waveguwide 432b by TIR. Ap points where the
light 320 inpinges on the DOE 432a, a portion of the light exits the waveguide as exit beams
510, The exit heams 310 are ilustrated as substantially parallel but they may also be
redirected to propagate o the eyve 410 &t an angle (e, forming divergent exat beams),

depending on the depth plane gsseciated with the waveguide 4320, It will be apprecisted that
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substantially parallel exit beams may be indicative of a waveguide with Heht extracting
optical clements that outcouple light to form images that appear to be set on a depth plane at
a large distance (e.g., optical nfinity) front the eve 410, Other wavegwides or other sets of
ight extracting optical elements may output an oxit beam paticrn that 15 more divergent,
which would require the eyve 410 to acconumodate to g closer distance o bring it to focus
on the retina and wonld be interpreted by the brain gs Hght from a distance closer to the gye
4160 thav optical wihiniy.

{0064]  FIG. 6 is a schematic diggram showing an optical system inclading g
wavegnide apparatus, an optical coupler subsystem to optically couple hight 1o or from the
wavegnide apparatus, and a confrol subsystem, used in the generation of a8 multi-focal
volumetric display, bmage, or Hght field. The optical system can include a waveguide
apparatus, an optical coupler subsystem to optically couple light to or from the waveguide
apparatus, and & control subsysiem. The optical system can be used to generate a multi-focs!
volumetric, image, or light ficld. The optical system can include one or more primary planar
waveguides 6324 (only one is shown in FIG. &) and one or more DOEs 632b associated with
cach of at least some of the primary waveguides 632a. The planar waveguides 633b can be
similar to the wavegnides 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 ar Ye-axis in view of FIG. 6), and expand the light's effective exat pupil along
the first axis {e.g., Y-axis). The distribution wavegaide apparatos may, for example, inchule
a distribution planar waveguide 622b and at least one DOE 622a (illostrated by double dash-
dot line} associgted with the distiibution planar waveguide 622b. The disirtbution planar
wavegnide 622b may be similar or identical in gt least some respects to the primary planar
wavegaide 632b, having a different ovientation therefrom. Likewise, at least one DOE 6228
may be sinmilar to or identical in af least some respeets to the DOE 632a. For example, the
distribution planar waveguide 622b or DOE 622a may be comprised of the same materisly as
the primary planar waveguide 632b or DOE 6323, respectively. Embodiments of the optieal
display system 600 shown in FIG. 6 can be integrated into the wearable system 200 shown in
FIG. 2.

{8065} The relayed and extt-puptl expanded light may be optically coupled from

the distribution waveguide apparatas into the one or more privaary planar waveguides 632h.
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The primary planar waveguide 632b can relay light along a secomd axis. preferably
orthogonal to first axis {g.g., horizontal or X-axis in view of FI(G. 6). Notably, the second
axis can be a non-orthoponal axis to the first axis. The primary planasr wavegaide 032b
expands the light's effective exat pupil along that sccond axis (g.g.. X-axis), For example, the
distribution planar waveguide 622b can relay and expand light along the vertical or Y-axis,
and pass that light to the primary planar waveguide 632b which can relay and expand light
along the hovizontal or X-axas,

j0B66]  The oplical system may include one or more sources of colored Hght (e.g.,
ved, green, and blue laser ight) 610 which may be optically coupled into a proximal end of 8
single mode optical {iber 640, A distal end of the oplical fiber 640 may be threaded or
received through a hollow tubs 642 of piezoclectrie material. The distal end protrudes from
the tube 642 as fxed-free Hexible cantilever 644, The pieroelectric tube 642 can be
associated with four guadrant elecirodes (not dlustrated). The clectrodes may, for example,
be plated on the outside, outer surface or outer periphery or diameter of the tube 842, A core
electrode (not Hlustraied) may also be located in a core, center, wmner periphery or mner
diaveter of the tube 642,

j0067]  Doive clectronics 630, for example elecirically coupled via wires 660,
drive opposing pairs of clectrodes to bend the piezoeleclric tube 642 in two axes
independently. The protruding distal tip of the optical fiber 844 has mechanical modes of
resonance. The frequencies of resonance can depend upon a diameter, length, and material
properties of the optical fiber 644, By vibrating the piezoelectric tube 642 near a Hrst mode
of mechanical resonance of the fiber cantilever 644, the fiber cantilever 644 can be cansed to
vibrate, snd can sweep through large detlections.

{0068 By stimulating resonant vibration in two axes, the tip of the fber
cantilever 644 is scanned biaxially in an arcg filling two-dimensional (2D} scan. By
modulating an intensily of lghi source(s) 610 m synchrony with the scan of the fiber
cantilever 644, Light emerging from the {iber cantifever 644 can form an fmage. Descriptions
of such a set up are provided in U.S. Patent Publication No. 2014/0003762, which is
incorporated by reference herein in I8 entivety.

{8691 A component of an optical coupler subsystem can collimate the lght

emerging from the scanning fiber cantilever 644 The collimated light can be reflected by
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mirrored surface 648 into the narrow distribution planar waveguide 622b which containg the
at least one diffvactive optical element (DOE) 622a. The collimated light can propagste
vertically (relative to the view of FIG, 6) slong the disinbution planar waveguide 622b by
TIR, and n doing so repeatedly interseets with the DOE 622a, The DOE 6224 preforably has
a low diffraction efficiency. This can cause a fraction (o.g., 10%6) of the light to be diffracted
toward an edge of the larger primary planar waveguide 632b at each point of intersection
with the DOE 622a, and a fraction of the hight o contivue on its original trajectory dow the
length of the distribution planar wavegnide 622b via TIR.

10070] At each point of infersection with the DOE 6224, additional hight can be
diffracted toward the eantrance of the primary waveguide 632b. By dividing the incoming
light into multiple outcoupled sets, the exit pupdl of the Bght can be expanded vertically by
the DO 622a in the distribution planar waveguide 622b. This vertically expanded light
coupled out of distribution planar wavegnide 622b can enter the edge of the primary planar
waveguide 632b,

{0071} Light enfering primary waveguide 632b can propagate horzontally
{relative to the view of FIG. 6) along the primary waveguide 632b via TIR. As the Light
wterseets with DOE 632a af multiple pomnts a8 1t propagaies horirontally along at least a
portion of the length of the primary waveguide 632h via TIR. The DOE 6322 may
advantageously be designed or configured to have a phase profile that is a swmmation of a
linear diffraction pattern and a radially symmetric difffactive pattern, 1o produce both
deflection and focusing of the light. The DOE 6323 may advaptageously have a low
diffraction efficiency (g, 10%), so that only a portion of the Heht of the beam is deflected
toward the eye of the view with each intersection of the DOE 6328 while the rest of the Light
continues to propagate through the primary waveguide 6320 via TIR,

jo072] At each point of mtersection bebween the propagating light and the DOE
6324, a fraction of the Hght is diffracted toward the adjacent face of the primary waveguide
632h allowing the hght 1o escape the TIR, and emerge from the fsce of the pramary
wavegnide 632h, In some embodiments, the radially symumetric diffraction patiern of the
DOE 632a addivonally imparts a focus level to the diffracted light, both shaping the hight
wavelront (e.g., Imparting a curvature) of the individual beam as well as steering the beam at

an angle that matches the designed focus fevel.
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10073} Accordingly, these different pathways can cause the light 1o be coupled
out of the primary planar waveguide 632b by a multiplicity of DOEs 632a at differeut angles,
focus levels, or yielding different fill patterns at the exit pupil. Different fill patterns at the

exit pupil can be beneficially used to create a light field display with multiple depth planes,
Each layer in the waveguide assembly or a set of layers (e.g., 3 layvers) in the stack may be
employed to generate & respective color (e.g., red; blue, green). Thus, for example, & first set
of three adjacent lavers may be employed to respectively produce red, blue and green light at
a first focal depth. A second set of three sdjacent layers may be employed to respectively
produce ved, bloe and green light at @ second focal depth. Mulliple sets may be employed o
generate a full 31 or 413 eolor image light field with various focal depths.

by

Other Comnonents of the Wearable System

{0074] In many implementations, the wearable system may include other
components in addition or in alternative to the components of the wearable system deseribed
above. The wearsble system may, for example, include one ov more ha;z'iic devices or
components. The haptic deviees or componenis may be operable to provide a tactile
sensation to a user. For example, the haptic devices or components may provide g tactile
sensation of pressure or fexture when touching virtual content (e.g., vivtual objects, virtnal
tools, other virtugl construets). The tactile sensation may replicate a feel of a physical objeet
which a virtual object represents, or may replicate a feel of an inagined object or chavacter
{e.9., a dragon) which the virtual content represents. In some implementations, haptic devices
or components may be wom by the user {og., a user wearsble glove) In some
inplementations, haptic devices or components may be held by the user.

j0075] The wearable system may, for example, inclade one or more physical
objects which are manipulgble by the user o allow input or mteraction with the wearable
system. These physical objects may be referred to herein as totems. Some tolems may take
the form of inanimate objects, such as for example, a piece of toctal or plastie, a wall, 8
surface of table. In cerfain implementations, the totems may not actually have any physical

>

5, joystick, trackball, rocker switch). lostead, the totem

mput structures {e.g., kevs, triggers
may simply provide a physical surface, and the wearable system may render a user interface

SO as o appear o 3 user to be on one or more surfaces of the totem For example, the
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wearable system may render an tnage of a computer keyboard and trackpad to appear to
reside on ong or more surfaces of a totem, For example, the wearable system may render &
virtual computer kevboard and virtual irackpad to appear on a surface of a thin rectangular
plate of aluminam which serves as a tolem. The rectangular plate does not iself have any
physical keys or trackpad or sensors. However, the wearable system may defect user
manipulation or inferaction or touches with the rectanguolar plate as selections or inputs made
via the virfual Keyboard or virtual trackpad. The user mnput device 466 (shown i FIG. 4) may
be an ewmbodiment of 8 lotem, which may include a trackpad, a touchpad, a trigger, a
Jovstick, a trackball, a rocker or virtual switch, a mouse, a kevboard, 8 multi-degree-ofs
frecdom controller, or another physical input device. A user may use the totem, alone o in
combination with poses, to interact with the wearable system or other users

{0076} Exanples of haptic devices and totems usable with the wearable devices,
HMD, and display systems of the present disclosure are described in LES, Patent Publication

No. 2015/0016777, which s 1ncorporsted by reference herein in iis entirety.

Exanmple Wearable Systems, Envirommnents, and Interfaces

00771 A wearable system may employ various mapping related fechniques
order to achieve high depth of ficld in the rendered light fields. In mapping out the virtnal
world, # is advantageous to know all the features and points in the real world to accurately
partray virtual objects in relation to the real world. To this end, FOV images captured from
users of the wearable system can be added 1o a world model by including new pictures that
convey information about various points and features of the real warld, For example, the
wegrable system can colleet a set of map points {such as 2D points or 3D pointx) and find
new map points to render a more accurate version of the world model. The world model of a
{irst user can be commmunipated (e.g., over a network such as a cloud network) to a second
user 30 that the second aser can experience the world surrcunding the first user.

{0078] FIG. 7 is a block dingram of an example of an MR environment 700. The
MR environment 700 may he configured to receive input {e.g., visual input 702 from the
user's wearable system, stationary input 704 such as room cameras, sensory input 706 from
varous sensors, gestures, fotems, eyve tracking, user inmi from the user mput device 466

-

gte.) from onc or more user wearable systems {e.g., wearable system 200 or display system

%
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2200 or stationary room systems {e.g., room cameras, efc.). The wearable systems can use
various sensors {e.g., accelerometers, gyroscopes, emperature Sensors, movement sensors,
depth sensors, OPS sensors, invward-facing mmaging system, cutward-theing imaging system,
cte) fo dotermine the location and various other atirtbutes of the environment of the aser.
This miormmation may further be supplemented with information from stationary cameras in
the room that may provide images or various cues from a different point of view. The image
data acquived by the cameras (such as the room cameras andfor the cameras of the outward-
facing inaging system) may be reduced (o a set of mapping points.

{6879} One or more object recognizers 708 can crawl through the received data
{e.g., the collection of points) and recognize or map poinis, tag images, attach semantic
information to objects with the help of a map database 710, The map database 710 may
comprise various points collected over time and their corresponding objects. The various
devices and the map database can be connected to each cther through a network {e.g., LAN,
WAN, eic.) to access the cloud.

L] Based on this information and collection of points in the map database, the
object recopnizers 708a to 7080 may recognize objects in an covivoninent. For example, the
object recognizers can recognize faces, persons, windows, walls, user input devices,
televisions, documents {e.g., travel tickets, driver’s license, passport az described in the
security examples herein), other objects in the user’s environment, ete. One or more object
recognizers may be specialized for object with certain characteristics. For example, the
obiject recognizar 708a may be used to recognizer faces, while another object recognizer may
be used recognize documents.

[0081]  The objeet recognitions may be performed using a variety of computer
vision techniques, For example, the wearable system can analyze the images acquired by the
cuatward-facing imaging system 464 (shown in FIGL 4} te perform scene reconstruction, event
detection, video iracking, object recognition {e.g., persons or documents), ohject pose
estimation, facial recognition (c.g., from a person in the environment or an image on @
document), learning, indexing, motion estimation, or image analysis (e.g., identifying indicia
within documents such as photos, signatures, identification information, travel information,
gte. ), and so forth. One or more computer vision algorithms may be used to perform these

tasks. Non-limiting examples of computer vision algorithms include: Scale-invariant feature
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transtorm {SIFT), speeded ap robust featwres (SURF), oriented FAST and rotated BRIEF
{(ORB), binary robust invariant scalable keypoints (BRISK), fast retina keypoint (FREAK),
Viola-lones algorithm, Eigenfaces approach, Lucas-Kanade algorithm, Hom-Schunk
algorithm, Mean-shifl algorithin, visual siowultancons location and mpping (vSLAM)
technigoes, @ sequential Bayesian estimator {e.g.. Kalman filter, exiended Kalman filter,
ete. ), bundle adjustment, Adaptive thresholding (and other thresholding techmgues), Herative
Closest Pomt (1CP), Semy Global Matching (8GM), Semi Global Block Matching (SGBM)Y,
Feature Point Histograms, varions machine learning algorithms (such as e.g., support vector
machine, k-nearest neighbors algorithm, Naive Bayes, peursl network {(including
convolntional or deep neural networks), or other supervisedfunsupervised models, ete.}, and
so forth,

{0082]  The object recognitions can additionally or alternatively be performed by
a variety of machine learning algorithms. Onee {rained, the machine learning algorithm can
be stored by the HMD. Some examples of machine learning algorithms can imclude
supervised or non-supervised machine learning algorithms, including regression algorithms
{such as, for example, Ovdinavy Least Squares Regression), instance-based slgorithons {such
as, for example, Learning Vector Quanlization), decision tree algorithms {such as, for
example, classification and regression trees), Bayesian algorithms (such as, for example,
Naive Bayes), clustering algonithms {such as, for example, k-means clostering), association
rule fearning algorithms (such as, for example, g-prion algonithmy), artificial neural netwark
algorithms (such as, for example, Porceptron), deep ledrning algorithms (Such as, for
example, Deep Boltzmann Maching, or deep neural network), dimensionality reduction
algorithms {such as, for example, Principal Component Analysis), ensemble algorithims (such
as, for example, Stacked Generalization), andior other machine learming algorithms, In some
gmbodiments, ndividual models can be customired for individoal data sets, Forexample, the
wearable device can generate or store a base model. The base model may be used as a
starting point to geperste additional models specific to a data type {e.g., a particular nser in
the telepresence session), a data set (e.g., a set of additional images obtained of the user in
the telepresence session), conditional situations, or other variations. In some embodiments,

the weargble HMD can be configured to utihize a plwvality of {echuiques to generaie wodels
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for analysis of the agerepated data. Other fechniques may include using pre-defined
thresholds or data values.

[0083]  Based on this information and collection of points in the map database, the
object recognizers 708a to 7T08n may recognize objects and supplement objects with seoantic
mformation to give life to the objects. For example, if the object tecopnizer recognizes a set
of points {o be a door, the svstem may attach some semantie information {e.g., the door has g

hinge and has a 90 dagsm movement about the hmgc}. If the mt;ieet mmgnizer recog;ﬁze& §

veflective surface that can reflect i.rmigas of objects in the room. The semantic information
can nclude affordances of the objects as described herein, For example, the semantic
information may include a normal of the object. The systemy can assign a vector whose
divection indicates the normal of the object. Over time the map database grows as the system
{which may reside lecally or may be accessible through o wireless netwerk) accumulates
more data from the world. Onee the objects are recognized, the nformation may be
ransmitted to one or more wearable systems, For example, the MR enviromment 700 may
tnchude information sbowt a scene happening in California. The environment 700 may be
iransmitted fo one or more users i New York, Based on data recetved from an FOV camers
and other inputs, the object recopnizers and other software components can map the points
collected fromy the various mages, recognize objects ete., such that the scens may be
accurately "passed over” fo g sccond user, who miay be ina different part of the world. The
enviromment 700 may slso use a topalogical map for localization purposes.

{0084 FIG. 8 i a process flow diagram of an example of a method 800 of
rendenng virtual content in relation to recognized objects. The methoad 800 describes hioww a
vittual scene may be presested o @ user of the wearable system. The user may be
geographically remote from the scene. For example, the user may be w New York, but may
want o view a scene that is presently going on in California, or may want 1o go on a walk
with a friend who resides in Calitornia.

[O0BS] Al block 818, 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, oye tracking, ete., convey information fo the system at block 810, The
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system may detérmine 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, or hand
gestures) that can be ased in displaying and undersianding the orieniation and position of
various objects 1w the user’s surroundings. The object recognizers 708a-T08n may crawl
through these collected points and recognize one or more objocts using a map database at
block 830, This miormation may then be conveyed 1o the user’s Individual wearable system
at block B40, and the desived virtual scene may be accordingly displayed to the user at bloek
850, For example, the desired virtual scene (g, user in CA) may be displayed at the
appropriate  orientation, position, ete., in relation t© the vartous objects and other
surroundings of the user in New York.

{3086} FIG. 9 is a block diagram of another example of 8 wearable system. In this
example, the wearable system 900 comprises a map, which may include map dats for the
world. The map may partly reside locally on the wearable system, and may partly reside gt
networked storage {ocations accessible by wired or wireless notwork {eg. in a choud
syslem). A pose process 910 may be execuied on the wearable computing architecture (e.g..
processing wodule 260 or controller 460) and utilize data from the map to determing position
and orientation of the wearahle compuiing 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 units,
which generally comprise accelerometer and gyroscope components) and surface information
pertinent to objects in the real or victual enviromment.

[OURT| A sparse point represenfation may be the owput of 2 simmllancous
focalization gnd mapping (e.g. SLAM or vSLAM, referring to a configuration wherein the

.

mput is images/visual ouly) process. The system can be configured to not ounly find ont

where in the world the vanous components are, but what the world 1s made of. Pose may be a
building block that achieves many goals, including populating the map and using the data
from the map.

[OUBR]  In one embodiment. a sparse point position may not be completely
adequate on it own, and further information may be needed to produce a multifocal AR, VR,
or MR experience. Dense representations, generally referting to depth map information, may

be utilized to fill this gap at least in part. Such information may be computed from a process
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referred to as Stereo 940, wherein depth information is determined using a technique such as
triangulation or time-of-flight sepsing. Image information and active pattems {such as
mirared patterns oreated using active projectors} may serve as input to the Stereo process
940, A significant amount of depth map information may be fused together, and some of this
may be sumunatized with a surface representation, For example, mathematically definable
sarfaces may be efficient (e.g., relative to a large point cloud) and digestible inpuis to other
processing devices lke game engines. Thuos, the output of the stereo process {e.g., a depth
map) 940 may be combined in the fusion process 930, Pose 9530 may be an input to this
fuston process 930 as well, and the output of fusion 930 becomes an Input 1o populating the
nmap process 920, Sub-surfaces may connect with each other, such as in topographical
nwapping, to form larger surfaces, snd the map becomes a large hvbnd of points and
surfaces.

{00891  To resolve varions aspects in a mixed reality progess 960, various inpuls
may be utilized, For example, in the embodiment depicied 1 FIG. 9, Game parameters may
be inputs to defermine that the user of the system s plaving g monster baitling game with one
or more mounsters at vartous locations, mousiers dying or running away under vartons
condiiions (such as if the user shoots the monster), walls or other objects 8 varions focations,
and the like. The world map may include information regarding where such objects are
relative to each other, to be another valuable mput to mixed reality. Pose relative to the world
becomes an input as well and plays a key role to almost any interactive system.

[0896] Controls or inputs from the user are another input to the wearable system
900, As described hersin, user inputs can include visual input, gestures, totems, audio mput,
sensory mwiput, ote. In order to move around or play g game, for example, the tser may negd
to instruct the wearable system 900 regarding what he or she wants to do, Beyond §
moving oneselt in space, there are various forms of nser confrols that may be niihized. In one
embodiment, a totem (8., a user input device), or an object such 43 a toy gun may be held by
the user and tracked by the system. The system preferably will be configured 0 know that
the user 1s holding the item and understand what kind of interaction the user is having with
the item (e.g., if the totem or object 1s a gun, the system may be configured to understand
location and orientation, as well as whether the user is clicking g trigger or other sensed

button or clement which may be equipped with a sensor, such as an IMU, which may assist
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in deternining what is going on, even when such activity is not within the field of view of
any of the cameras.}

[0091]  Hand pestore tracking or recognition may also provide input information,
The wearable system 900 may be configired to track and interpret hand pestures for button
presses, for gesturing left or right, stop, grab, hold, ete. For example, In one configuration,
the user may want to fhip threugh exmails or g calendar in 8 non-gaming environment, or do &
“fist bump” with another person or player. The wearable system 900 may be configured to
leverage a oumimum smount of hand gestwre, which may or may not be dynamic. For
example, the gestures may be simple static gestares tike open hand for stop, thumbs up for
ok, thumbs down for not ok; or a hand flip vight, or left, or up/down for directional
conmmands.

{HE M| Eve tracking is another ioput {e.g., tracking where the user i looking to
control the display technology to render gt a specific depth or range}. In one embediment,
vergence of the eyes may be determined using iriangulation, and then using a
vergencedaccommoedation miedel developed for that particular person, accomumodytion niay
be deternuned. BEye tracking can be performed by the eye camera(s) to detenmine eye gaze

{e.g.. dircction or orientation of one or both eyes). Other technigues can be used for eye

tracking such as, e.g., measuremeni of electrical potentials by electrodes placed near the
eve(s) {e.g., electroocutography ).
{0693 Voice recognition can be another input, which can be used alone or in

combination with other nputs (e.g., totem tracking, eye trackimg, gesture tracking, etel). The
system 900 can mcluade an andio sensor (e.g., a microphone) that receives an audio stream
from the enviromment.  The received audio stream can be processed (e.g., by processing
medules 260, 270 or central server 165() to recognize & user's voice (from other voices or
background audio), to extract commands, parameters, ote. from the audio stream, For
example, the system 900 may Wdentily from an sudio stream that the phrase “show me your
identification™ was said, identify that this phrase was said by the wearer of the system 900
{e.g., a security inspector rather than another person in the ispeclor’s environment}, and
extract from the phrase and the context of the situation {e.g., a security checkpoint} that there
is an executable command to be performed {e.g.. computer vision analysis of something in

the weare's FOV) and an object for which the command is to be performed on (Myouwr
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identification™).  The svstem 900 can incorporate speaker recognition technology to
determine who is speaking {e.g., whether the speech is from the wearer of the HMD or
another persen or veice {e.g., a recorded voice transmitted by a loudspesker in the
enviromment)) as well as speech recognition technology to determine what is being said.
Voice recognition  fechniques  can  include frequency  estimsbion, hidden  Markov
models, Gansstan  mixture  models, patfern  maiching algorithms, nearal  networks, matrix
representation, Vector Quantization, speaker diarisation, decision trees, and dynamic time
warping (DTW) technigue. Voice recognition technigues can also inclode anti-speaker
technigues, such as cobort models, and world meodels. Spectral features may be used
representing speaker characteristics,

{0094] With regard o the camera sysiems, the example wearable system 900
shown in FIG. 9 can include three pairs of cameras: a relative wide FOV or passive SEAM
pair of cameras arranged to the sides of the wser's face, a different pair of cameras ortented m
front of the user to handle the sterco imagiag process 940 and also to capture hand gestares
and totemd/obiect tracking i front of the wser's face, The FOV cameras and the pair of
carneras for the sterco process 940 may be a part of the outward-facing imaging system 464
{shown wm PIG 4). The wearable system 900 can include eve tracking cameras Ovhiclt may
he a part of an inward-facing imaging system 462 shown in FIG. 4} oriented toward the eyes
of the nser i 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)
prajectors) o inject texture into a scene.

j0095] FIG. 10 15 a process flow disgram of an example of a2 method 1000 for
detormining user nput to @ wearable system. In this example, the user may interact with a
totem. The user may have multiple totems. For example, the nser may have designated one
totem for a social media apphicgtion, another totem for playing games, ete, At block 1010, the
weardable system way detect 8 motion of a totem, The movement of the tolem may be
recognized through the ontward-facing imaging system or may be detected through sensors
{e.g., haptie glove, image sensors, hand tracking devices, eye-tracking cameras, head pose
SERSOTS, L)

{0096]  Based ut least partly on the detected gesturs, eye pose, head pose, or input

through the totem, the wearable system detects a position, orientation, or movement of the
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totemy (or the nser’s eves or head or gestures) with respect to a reference frame, at block
H120. The reference frame may be a set of map peints based on which the wearable system
transiates the miovement of the totem {or the user) {o an action or conunand, At block 1030,
the user’s interaction with the totem is mapped. Based on the mapping of the aser interaction
with respect to the reforence frame 1020, the system detenmines the user input at block 1040.
j0097] For example, the user may move a totem or physical object back and forth

to signify turning a virtual page and moving on o a next page or moving from one user

p=d

their head or eves to look al different real or virinal objects in the user’s FOR. I the user’s
gave al a particadar real or virtual object is longer than a threshold fime, the real or virtual
object may be selected as the user input. In some implementations, the vergence of the user’s
cves ean be tracked and an accommuodation/vergence model can be wsed to determine the
accommodation state of the user’s eves, which provides information on a depth plane on
which the user 18 focasing. In some implementations, the wearable system can use ray
casting techniques o determine which real or virtual objects are glong the divection of the
usér’s head pose or eye pose. In vavious implementations, the ray caslting techniques can
include casting thin, peneil rays with substantially litle transverse width or casting rays with
substantial transverse width (e.g., cones or frustums).

[0098]  The user inferface may be projected by the display system as described
berein (such as the display 220 in FIG. 2). It muay also be displaved using a variety of other
techniques such as one or mere projectors. The projectors may project images ondo a
physical object such as a canvas or a globe. Interactions with user interface may be tracked
using one or more careras external to the svstem or part of the system {such gs, e.g., using
the mnward-facing imaging systom 462 or the outward-facing imaging system 464).

j0699] FIG. 11 is a provess Bow diagram of an example of a method 1100 for
mteracting with a virtual user interface. The method 1100 may be performed by the wearable
systemt described herein. Embodiments of the method 1100 can be ased by the wearable
system to detect persons or docniments in the FOV of the wearable system.

100} At block 1110, the wearable system may identify a particular U3 The type
of Ul may be predetenmined by the user. The wearable systemy may identify that a particular

UT needs 1o be populated based on a user Input (.., gesture, visual data, audio data, sensory

29



WO 2018/106542 PCT/US2017/064311

data, direct command, ete.). The Ul can be specific to a security scenario where the wearer of
the system is observing users who present documents to the wearer {e.g, at a travel
checkpoint). At block 1120, the wearable systom may gengrate data for the virtual Ul For
example, data associated with the confines, general structure, shape of the U ote., may be
generated. In addition, the wearable system may determine map coordinates of the user’s

¥

physical lpcation so that the wearable system can display the Ul in relation to the user's
physical location. Por example, i the UL body ceutric, the wearable system may delermaine
the coordinates of the user's physical stance, head pose, or-eve pose such that a ring Ul can
be displayed around the user or a planar Ul can be displayed on a wall or in front of the user.
In the security context described herein, the Ul may be displaved as if the Ul were
surrounding the traveler who is presenting documents o the wearer of the system, so that the
wearer can readily view the UL while looking at the traveler and the traveler’™s docoments. If
the Ul s hand centric, the map coordinales of the nser's bands may be determined. These
map points may be derived throogh data received through the FOV cameras, sensory nput,
or any other type of collected data.

j0101] At block 1130, the wearable system may send the data to the display from
the cloud or the dala may be sent from g local database to the display components. Al block
1140, the U1 is 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. Onee the virtual Ul has been
created, the wearable systom may simply wait for @ command from the user to gencrate more
virtual content on the virtual Ul at block 1150, For example, the Ul may be a body centric
ving aroumsd the user's body or the body of 8 person in the aser's environment {¢.g., &
travelery., The wearable systermn may then wait {or the command {a gestore, a head or eye
movement, volce command, input from a aser input device, efe ), and if it 18 recogmzed
{block 1160}, virlnal content associated with the conwnasd may be displayed fo the user
{block 1170}

[{i'i H2} Additional examples of wearable systems, Uls, and user experiences (UX}
are described in UK. Patent Poblication No. 20150016777, which ix incarporated by

reference herein in ity sativety,
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Examples of Rendering & Virtual Remote Control

[0103]  Besides inferacting with the user’s virtnal environment, a user can also
control a physical object in the user’s environment using a wearable device whose display
230 may be configured to render a virtual remote. As further described herein, the wearable
system can identify a target device such as a physical remote or a parent device which is
controlied by the physical remote. The wearable system can generate a virtual remote based
on the characteristics of the target device or the physical remote assoctated with the target
device, present the virfugl remole to the user in an AR/MR environment, and allow the user
to confrol the parent device with the virtual remete. Although wany of the examples
deseribed herein are in the context of using a virtual remote control to control a physical

I T T T T E ey

¢.¢., & physical television, a DV or CIY player or an audio system, a thermostat, a

-

device
coffee machine, refrigerator, or other apphance, an electiic lamp or light bulb, a door entry
systery or home security systeny, ete.), this s for illustration and is not a limitation
Embodiments of the virtual remote control can be used, additionally or alternatively,
control virtual devices. For example, a user of the wearable sysiem can pse a virtual remole

control to control a viviual television that is rendeved by the wearable device and displaved to

the user.

Examples of Tnitiatine g Selection Eventoon 3 Virtual Ramote

[0104]  FIG, 12 tlustrates an example of a physical environment as perceived by a
user of a wearable system. The example environment 1200 includes 2 living room of 8 user’s
home. The environment 1200 has physical objects such as a television {TV) 1210, a physical
remnote control 1220 (sometimes simply refotred to 85 a remote), a TV stand 1230, and a
window 1240, While the user 15 wearing a wearable device, the user can perceive the
physical objects and interact with the physical objects. For example, the user may watch the
TV 1210 while wearing the wearable device. The user can control the TV using the phyvsical
remote 1220. For example, the user can control the physical remote 122010 tum the TV 1210
ondoff or change the channel or volume of the TV 1214, The user can also interact with the

TV 1210 using a virtmal remote. The virtual remote may be generated based on the functions

foe

of the physical remote 1220, For example, the virtual remote miay enutlate some or all of the
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functions of the physical remote 1220 {and may provide additional or alternative
functionality as welly

[0105]  The user can initiate a selection event on a virtual remete associated with
a target device. The selection event may cause a user interface action associated with the
virtual remote to be performed. For example, upon initiation of the selection event, the
wegrable device may render the virtus! remote in the user’s FOV! The target device may be a
physical remote which the wearable system can emulate to generate @ virtual remote, which
emulates functions of the physical remofe. The target device may also be a pavent device
sach as a TV, a coffeemaker, a thermostat, or other appliances or electronic devices, ete.,
which may be controlled by a physical remote or a virtual remote. The user can initiate the
selection event by actuating a user input device such as, e.g., clicking on a mouse, tapping on
a touch pad, swiping on a touch screen, hovering over or touching a capacitive batton,
pressing a key on a keyboard or a game controller (e.g., 8 S-way d-pad), pointing a joystiek,
wand or totem toward the object, pressing @ button on a remote control, other inferactions
with # user input device, efe. The user may also hutiate the selection event using head, eye,
or body poses, such ase g by gaxing or potnting at a target object for s peviod of thne.

[0106]  To initiate a selection event on the virtual romote, the user can indicate a
selection of the target device associated with the virtual remote. For example, the user can
indicate a physical remote to select the virtual remote associated with the physical remote.
As shown in FIG. 12, if the user wants to interact with a virtual remote which s based on the
functions of the physical remote 1220, the user may indicate the physical remote 1220 by
hand gestures such as touching, pointing with fuger, visnally enclosing the objects by, for
example, pinching, or using other hand gestures, As an example, the user may pomt in the
divection of the physical remote 1220 for an exiended peried of time. As another example,
the user may select a virlual remote associated with the physical remote 1220 by making a
hand gesture for grabbing the physical remote 12200 The user may shvo indicate the physical
remote 1220 using a user toput device {such as. e.g., the user input device 466 shown in FIG
43. For example, the user inay point at the physical remote using a stylos.

{0107 The user can also select a virtual remote by selecting the parent device
that the virtnal remote controls. The user can use the hand gestures and actuate the user input

device for such sclection. FIG. 13 Hustrates an example of initimting a selection ovent
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associated with a virtual remote uvsing a hand gesture. The user can perceive, via the
wearable system, the enviromment 1300 as shown in FIG. 130 The eavironment 1300 can
mclade physical objects such as the TV 1210, the physical remote 1220, the TV stand 1230,
and the window 1240, As illustrated, the user’s left amn 12302 15 making a pinch gestare
mdicating the TV 1210, The wearable system may recognize this pinch gesture as a
cornmand o render and present the virtual remote 1260 associated with the TV 1210 to the
uger. As another example, if the user wands o select a vivtual remote for controlling the TV
1210, the user can use # body pose {(such as grabbing the TV 1218 or pointing at the TV
1210) to indicate a selection of the TV 12140,

j0108] In addition 1o or in alternabive to hand gestures and actuations of user
input devics, a user can also select a virinal remote using eye gaze., The wearable system may
perform a cone cast based on the direction of the user’s eve gaze {as tracked by the inward-
tacing imaging system 462}, The wearable system can identify an obyject which intersects the
user’s direction of gaze and render 8 remote associated with such object. For example, the
wearable system can wdentify that the TV 1210 based on the user’™s direction of gaze, and thas
present a virtbal remote associpted with the TV 121 The virtual remote may be generated
based on the physical remote 1220, where the virtual remote may have similar functions and

control pancls as the physical remote 1220,

Examples of Recosnizing a Target Device

{0109 The wearable system can recognize a target device, such as the physical
remote 1220 or the parent device (such as the TV 1210) nsing a variety of techniques, alone
or i combination, As an example, the wearable svsteny may guery the target device directly,
This i3 possible where the device 1s capable of identifying dself, eg. by RF wireless
protocols such as Wi-F or Bluelooth, and where protocals already exist to support such g
guery. For example, the wearable system can pair with the TV 1210 or the physical remote
1220 using Bluetooth techuology.

{0116} The wearahle system may also identify the target device visually based on
the characteristics of the target device. For example, the wearable system may use the
outward-facing imaging svstem 10 acquire an image of the target device and lentify the type

target device using computer vision algorithms such as feature kKeypoint methods {e.g. SIFT)
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combined with a Bag of Words type search, or through the application of an artificial nenral
network {e.g. “Alex-net”} capable of categorizing devices. The wearable systeny may identify
the target device in a hierarchical fashion. For example, a target device may firsi be
wdentified as a television using a frst algorithm, and then as & specific product, e,
ManuCo 55" 330U Series Premium 4K UHD Slim Direct-Li LED TV, using & second
algorithm.

{0111}  Thoe user can also specity the target device using other poses or user inpat
device. For example, the user may wentify a TV with a waving gesture while wdentifying
another type of device {e.g., a thermostat) by pointing his finger at the thermostat. In some
embodiments, the user can identity a type of the target device (such as TV or thermostat)
using a pose. The wearable sysiemy sy perform other technigues to futher identify 2
subype of the type indicated by the user’s pose. For example, the user may use a waving
gesture fo identify that the target device is @ TV, The wearable system may run @ computer
vision afxgazrimm to further idemiiﬁ‘y that the TV is 8 ManuCo 53" 530U Series Premium 4K

{0112} The wearable systomt may dentily the target device by visual inspection of
the exasting target device for one or more chamacteristios. For example, the target device may
inchude an optically-readable Iabel such as a bar code or a QR code. The wearable system
may inchude an optical sensor (e.g., an outward facing camera) for scanning or imaging the
lfabel and extracting information from the label. The extracted information may mclude
device identifiers such as manufacturer, tvpe of the device, cte. The label may be stuck to
mprinted ento the target device. For example, a TV may have a sticker or placard explicitly
mdicating the make, model, serial number, et of the TV. As another example, the TV s
brand may be imprinted on a surface of the TV panel.

j0113] Inn some emibodiments, when the target device s the physicsl remote and
the wearable system has recognized the physical remote, the wearable system may be
contfigured to avtomatically identify the assocated parent device, For example, once the
wearable system has recognized the physical remote 1220 for the TV 1210, the wearable
system can refrieve or search for information assoclated with the parent device such as the
appearance of the parent device, the communication protocols associated with the parent

device, or the brand/model of the paremt device. The wearable system can search and
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recognize the parent device in the user’s environment based on the images acquired by the
outward-facing imaging system. The recognition may be achicved using the computer vision
algorithms described herem. The wearable system can also send a query signal o the
envirernnent and identidy the parent device based on the received response to the query
signal. These techniques for identifving the parent device based on the physical remote can
also be apphed when the target device is the parent device. For example, the wearable system
can use sunilar techniques to dentify a physical remote 1o the user’s environment based on 8
recognized parent device.

{0114} The parent device may be associated with multiple physical remotes in
some sitpations. For example, a gaming station may be associated with multiple game
controllers. The wearable system may prompt a notification to the user ndicating that there
is more than one virtual remote associated with the pareat device {where each virtual remote
mgy correspond to o physics] remote). The wearable system may provide the user the option
to select one virtual remote among the moliiple virtual remotes with which the aser wants to
S,

[0115] In another exanmypde, the wearable system miay be wicertain whether the
parent device or the physical remote selected by the user is of a certain type. For example,
some TVs may be identical in appearance but compatible with different types of physical
remotes, Similarly, certain physical remotes may appear to have the same bution or shape,
but serve different parent devices. The wearable system niay present a Hist of possible options
of the visual remote. The user can then sclect the correet virtual remote among the st of
possible options.

[o116] Additionally or altornatively, the wearable systemi can be configured to
allow a user to select a virtual remote associated with a target device using a virtual user
mtertace of the wearable system, For example, the weargble system may present a list of
available virtual remotes i1t a menw. The user can select the virlual remote with which fo
interact with from the menu. The wearable system can also present & meny including a list of
pavent devices or physical remotes associated with the parent devices for which the wearable
system can provide the virtual remote. For example, the parent devices or physical remotes

on the st may be previously identified by the wearable system using one or more object
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recognizers 2208a — 22080 shown in FIG. 7. The user can accordingly select the virtual
remote by selecting the parent device or the physical remote from the list.

{0117} The virtoal remotes themselves may be stored in a data stove such as the
remote data repository 280 shown in FIG. 2. The wearable system ean recognize the target
device using the techniques described herein and feteh the specifications for the virtaal
remote based on the target device. For example, the wearable systeny may submit g
description of the recognized farget device to the remote processing module 270 o retaeve
the specifications for the gssocialed virteal remole. In some embodiments, the processing
wodule may redirect the request for the specifications to another computing device (such as g
server for maintsining the specification for a specific type of device) based on the
characteristios of the target device such as brand, type, year of mannfacture, elc.

{0118]  The specifications may include instructions on how to render the virtual
renwie (eg. specifying the layout, buttons and other controls, ofe.), the communications
channel needed to emulate the remote (o from the IRDA specification), the actual codes to
be emulated on that chaonel {o.g, the exact IR pulse seguence associated with the selection of
“Channel 27, e}, snd so on. The specilication may also include a mapping of a control
cloment to a comvesponding function performed on the parent device. For example, an
actuation of an upward srrow baiton {on the physical and the virtval remotes) may be

mapped to a function of increasing volume by the parent device.

Examples of Rendering 8 Virtual Remote

[0119f  The viriual remote may mirror some or all of the fupctions or at least a
portion of the layout of the physical remote. This may make it casier for a user, who i
familiar with the functionality or layvout of the physical remote, to operate the virtual remote
LUipon the selection of the virtual femote {e.g., by selecting the parent device or the physical
remote associated with the virtual remote), the wearable device can render the virtual remote
50 that it appears visually near the user. For example, as shown in FIG. 14, the wearable
device can render 8 virtual control panel 1264 of the virtual remote 1260 within the aser’s
argy’s reach (such as, e.g., between llem and 1m from the user) so that the user can
conveniently intersct with the virtual remote. In some cmbodiments, as the user moves

around in his environment, the virtual remote may accordingly move with the user. For
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example, the wearable device may present the virtnal remote at a certain distance from the
user regardless of the user’s current position in his enviromment.

[0126]  Additionally or alternatively, the wearable device can render the virtual
remote near the parent device or the physical remote. For example, the wearable device can
render a virtual remote for contrelling the TV where the virtual control panel of the virtual
remote is located next to the TV {c.g., as shown in FIGS, 13 and 14} In some emmbodiments,
the rendering location of the virtual remote may be based on the type of the parent device,
Por example, if the parent device is g TV, the wearable device may render the virtual remote
near the TV because the user’s interaction with the TV is likely to happen when the user ts in
the vicinity of the TV, As another example, i the parent device is a thermostat, the wearable
device may render a virtual remote near the user {which may be far away from the
thermostat), A user may conirel 3 thernwostal upstairs in a house using the virtual remote
even though the user 1s downstairs.

{121} The wearable device can render the virtual remote as superimposed onto
the user’s physical environment. For example, the weargble device may render the virtual
remcte 1260 as if it s in front of & wall. The virtual remote may be a rendered 8y non-
trangparent such that the wser can pereeive the virtual remote occluding a portion of the
user's physical envivronment, so that the virtaal remote appears asif in front of the portion of
the environment. For example, as shown in FIG. 14, the vser may perceive that the virtual
remote oceludes a portion of the window 1240. In some inplementations, the virtual remote

may be rendered as at least partially transparent so that the user may see through the virtual

remote. For example, as shown in FIG. 15, the aser may see the window sill as well as the
wall even though the user may perceve the virtual remote 1260 g5 being in front of the
window and the wall. Portions of the virtual remote (e, user sctuatable eloments such as
the butions) may be rendered less transparently than other porlions {e.g.. 8 body or frame) so
that the virtual retnote occludes less of the background environment.

j0122] The user can also move the rendering location, size, or orientation of the
upward/downward, left'right, and so on. The user can also fix the rendering location of the

virtual remote t© be at a certam distance from him or be at a cerain location it his

savirghment.
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[0123] In some embodiments, the wearable device may present a focus mdicator
associated with the TV 1210 or the virtual remote 1260, The focus mndicator may assist the

user in seeing or finding the virtual remote. The focus indicator can comprise a hale, a color,

o3

pereeived size or depth chiange (e.g., cansing the target object to appear closer andfor larger

b

‘hen selected), a change in the shape of the cursor graphic {e.g., the cursor is changed from
a cirele to an arrow, where the cursor may indicste the position of the user’s hand or finger
and the change in the carsor graphic may indicate @ user’s actuation of a control element or
mdicgie that a user is about 1o actuate the control element on the virtual remote); or other
audible, tactile, or visual effecis which draw the user’s attention. For example, in FIG. 13,
the wearable device can present a focus indicator 1262¢ around the TV 1210 and a focus
indicator 12628 around the virtual remote 1260, The wearable device can also present a focus
indicator 1262b connecting the virtual remote 1260 with the TV 1210 to shew that the virtual
remote 1260 18 associated with the TV 1210, In some embodiments, some or all of the focug
tndicators can be displaved, or not displayed, depending on contextual information, timing,
ete. For example, all three focas indicators 1262a, 12626, and 1262¢ may be displayved when
the virtual rexnote 1260 is frst selected by the user, which may assist the user in recogniving
that the virtual remote 1260 is associgied with the TV 1210, After a time period, some or all
of the focus indicators may disappear or fade away, as they may be no longer needed to show

the user that the remeote 12640 1s associated with the TV 12148,

Examples of Interacting with a Virtual Remote

[0124] During a selection event, the user can actuate a virtual remote fo iateract
with a target device. FIG. 14 ilustrates an example of actuating @ virfual remote during a
selection event. In FIG. 14, the user can perceive the environment 1400 using his wearable
device. The environment 1400 can include physical objects such ag the TV 1210, the
physical remote 1220 for controtling the TV 1216, the TV stand 1230, and the window 1240
The environment 1400 can also include a virtual remote 1260, The virtual remote 1260 can
emulate the functions of the physical remote 1220 to control the TV 1218, For example, the
layout and functions of virtual battons of the virnual remote 1260 may be substantially the

same as the phvsical keveon the physical remote 1210,
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[0125] The virtual remote 1260 may inchude vivtual elements souch as virinal
kevboards, virtual buttons, virtnal switches or toggles or sliders, or virtual touch surfaces,
These virtnal elenments may be part of the contrel panel 1264 of the virtual remeote 1260, To
actuate the virfual remote, the user may initiate an interaction event an a virtual element. For
example, the user can interact with the virtual element by touching, pressing, releasing,
sliding up/down or leftfright, moving along g trajectory, or other types of movements in the
303 space.

j0126] Upon acivation of the virlual remote 1260, the wearsble system may
communicate with the TV 1210 g it 1t were the physical remote 12200 As an example, in
FHG. 14, the user can use his night arm 1250b to actuate the virtual remote 1260, The
wearable system can nse the outward-facing imaging system o image the user’'s poses. As
further described with reference to FIGS. 16 — 18, based on the nser’s poses, the wearable
systern can compute which virtual element the user has actuated. In the example depicted m
FIG. 14, the wearable system can determine thet the user’s right index finger is actuating the
bution 1266, In some embodiments, the wearable system may preseni a focns indicator for
the button 1266 indicating that this sctuation by the user.

{0127 Once the wearable system detects that the user has actuated a virtual
clement of the virtual remote 1260, the wearable system can accordingly send g signal via the
sensor 232 {shown In PIG. 2) to the cotresponding parend deviee to instruct the pavent device
to perform an action based on the virtual element actuated by the user. For example, the user
can fouch the virtual button 1266 on the virtual remote. Because this bufton i3 associated
with increasing the volume of the TV 1214, the wearable system can accordingly generate a

signal {such ag an IR signal penerated by an IR emitter on a wearable device) and
the TV to increase is volume. The signal generated by the wearable system can be the same
signal that would be generated by the comresponding physical remote control.

{O128]  In cases where the signal is a line-of sight signal (suach as an IR signal that
must be directed at the IR detector of the TV), the emitler on the wearable system may need
to be directed toward the device (just as & physical remote control must be pointed af s

ciated device).  Advantageously, the wearable system may be configured to determine

whether the requested conunand (e.g., to increase the volume of the TV or change a channel)
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has oceurred {e.g., by using a microphone on the wearable system to determine an increase in
sound intensity or an ontward-facing camera to detenmine the display of the TV has changed,
respectively). If the effect of the command has net been produced by the parent device, the
wearable system may instract the user to change the user’s pose so that the weamble system
cmniiter is directed toward the parent device. For example, the wearable system may generate
a visual graphic (or audible instruction) to snggest the user to point the user’s head toward
the parent device. In some implementations, and for some types of parent devices, the
communication between the wearable system and the parent device may not be hne-oftsight
sensitive {e.g., when wireless RE signals or ultrasonic acoustic signals are used), and the
foregoing functionality may be optional.

{129 Although the examples in FIG. 14 llostrate actuating the virtual remote
using hand gestures, the user can also actuate the virtual remote using other poses such as
head poses, eve poses (including, e.z., eve gare directions), or other body poses. In addition
to or 1n alternadive 1o various poses, the user may interact with the virtual remote using a user
input device, For example, the nser may sctuate the virtual remote vsing a stylus or a wand
or-a toten,

j0138]  In some cmbodiments, the wearable system may communicate with the
physical remote to control the functions of the parent device. For example, upon detection of
actuating the virtual remote, the wearable svstemy may communicate the information
associated with the actuation (such ax which key is pressed, ete} to the physical remote. The
phiysical remote can then communicate the nformation assoctated with the actuation to the
parent device,

{0131} When the user i3 done with the virtual remote, the user may use a hand
gesture or actuate the virtual remote to terminate the selection svent. As an example, while
the user s watching a TV program, the nser may decide that he does not need the virtual
remote any more. As a result, the nser may wave lus hand to mdicaie that he is done with the
virtual remode. The oser may also press the dismiss button on the virtual remoie. The
wearable system may, in response, cease displayving the virtaal remote or display the virtual
remote so that it iy substantially less visually perceptible {(e.g., with increased transparency),

which may assist the user in later selecting the virtual remote.
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[0132} In certain implementations, rather than terminating the selection event, the
wearable system may temporartly hide the vivtual remote from the user’s FOV or move the
virtual remote outside of the user’s FOV or to an edge of the user’s FOV. For example, the
user may start watching a movie on the TV 1210 and decide that he may not need the virtual
remote for & while. The user can use a swipe gesture to indicate that he does not need the
virtual remote right now. The wearable svstem can accordingly hide the virttal remote from
the user’s FOV or move the virtual remote outside of the user’s FOV or minimize the virtual
rEmote.

{0133} The wearable system can also sulomatically hide a virtual remote or
terminate the selection event i a threshold condition s met. FIG. 15 ilostrafes an example of
such features, In FIG. 15, the user can perceive the enviromment 1300 which includes
physical objects such as the TV 1210, the physical remote 1220, the TV stand 1230, and the
windew 1240, The user can also perceive the virtual remote 1260, As described herein, the
wearable system can emulnte the signal of the physical remote 1220 and present g virfual
user remote 1260 which meldes the functions of the physical remote 12200 In the example
environment 1500, however, the user 5 corrently watching a program on the TV 1210
through the weamble systom. The wearable system can defect that the virtual remote is
inactive for a threshold period of time (such as 10 seconds, 1 minute, 2 minutes, sfc.),
because the user has not actuated the virtual remote during the threshold period of time. The
wearable system can gradually fade out the virtual remote such as by increasing the
transparency of the virtual remote. For example, the virtual remote 1260 may change from
non-transparent © ansparent as part of the fading out process. The wearable system can
also fade oat the virtual remote by decressing the visibility of the virtual remote. For
example, the wearable system can gradually reduce the size of the virtual remote or change
the color of the virtual remote from a dark color to a hight color (or change the color to be s
color in the surrounding enviremment). In some embodiments, the wearable systemn may
remove the focus idicator associated with the virlaal remote when the virtuad remote 18
hidden. In other embodiments, the wearable system nmay still display the focus indicator

g, the hale around the virtual ramote), even though the contrel panel of the virtual

=

{such as, e

remoie is hidden.
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[0134] In addition to or as an alemative 1o a perod of nactivity, the threshold
condition for hiding the virtual remote or terminating the selection event may be based on the
contextual information assoctated with the target device. For example, when the wearable
system detects that the user is watching a movie, the wearable systen may automatically hide
the virtual remote {or terminate the selection event) after the user selects the movie. As
another exgmple, the wesrable system may sutomatically hide the virtual remote or terminate
the selection event when based on the type of the parent device. For example, the wearable
event after a period of inactivity whey the parent device associated with the virtual remote 13
a TV or a thermostat. However, when the parent device is a game controller, the wearable
system may be configured to leave the virtual remote there unless specifically indicated by
the user.

{0135] Although the examples described herein are with reference to one virtust
remode, I some cmbodiments, the wearable system may render multiple virtual remotes
associated with one or more target devices in the user’s FOV. The wearable system may
allow the user to inferact and switch among these virfual romoies using poses or a user mput

device.

[0136] FIG. 16 ilustrates an example process of rendering & virtual remote. The
provess 1600 may be performed by the wearable system 200 deseribed berein. In some
embodiments, the process 1600 may be part of a selection event.

[0137] At block 1610, the wearable system can recelve an mndication of a target
devieg. The mdication may mchude a change in the user’s pose or an actuation of a user inpig
device, For example, the user can make certain hand gestures that indicste a seloction of a
target device. The target device may be a physical remote or 8 parent device of the physical
remote. For example, the aser can point at ¢ TV or the physical remote of the TV indicating
that the user wanis {o interact with the TV via a virlual remote.

{0138] Al block 1620, the wearable system can recognize the targel device based
at feasl in part on characieristies of the fawrget device. The characteristies may inclade

appearances of the target device, such as the shape, size, color, layout of control panel, and
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so on. For example, the wearable system can acquire an image of the targeted device and
apply a computer vision algorithm which can identify appearances of the target device. The
wearable system can conununicate with a data store and use the appearance of the target
device to dentify the brand and model of the target device. Characteristics may also inclade
other visual coes such as g label For example, the wearable system can identify the label
associate with the farget device, which may include information such as the brand, model,
wanutfacturer, date of manufactare, compatibility, ete., of the target device. The wearable
system can accordingly image and parse the label to recognize the target device. In certain
implementations, the wearable system may also send a query signal to the target device to
recopnize the type associated with the target device based on the response to the query
signal, For examiple, the wearable system can send a guery signal wirelessly to the targst
device requesting a device identifier from the target device. The target device may respond
with its deévice identifier. The wearable system can thereby assotiate the device wentifier
with the farget device. The wearghle svslerws can pse the sdeutifier o access the
characteristics of the target device such as the specifications, appearances of the target
device, ete. The wearshle system and the target device can use wireless advertising
techmigues in which, for example, one of these devices conmnunicates advertisements, and
the other device scans for such advertisements and inftiates wireless connestions {0
advertising devices.

[0139] At block 1630, the wearable systemt van identily a virtual remote
associated with the target deviee, For example, based on the recognized target device, the
wearable system may access a data store storing which virfual remote is associated with the
targel dovice, The wearable system can accordingly feleh the virtual remote (ogether with
the specification of the virtual remote) as shown m block 1644, Inn some situalions, where the
target device 18 a parent device (such as, e.g., a TV), the wearable system may wdentify a
physical remote assoctated with the parent device after the wearable syatem recogmzes the
target device. The wearable system can generate a virtual remote emulating the functions of
the physical remote. Where the target device s a physica}. repiote, the wearable svstent can
identify the associated parent device. The wearable system ean establish g connection 1o the

parent device and covnrunicste with the parent device as if §f is the physical remote.
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jo144] At block 1640, the wearable system can aceess a specification associated
with the virtual remote. The specification may include protocols for communicating with the
parent device (such as, o.g., the chanpel and frequency used for communication). The
specification may also include layout of virtual elements on the control panel and the
functions of ecach virtnal element of virtual remote. The specification may be based on the
physical remote used for controlling the parent device such that the virtaal remote may have
the same specification as the physcal remote and the virtoal remote may substiule the
physical remote for communications with the parent device. In some implementations, the
wearable system can perform the block 1640 righter after the target device 1s recogaized. For
example, the wearable system can perform the block 1640 before the block 163 The
wearable system can antomatically feteh the specification from a data store affer the wearable
system has identified the model of a physical remofe or a parent device, In certain
implemeniations, the wearable system can access a virtual remote based on the specification.

{0141} At block 1630, the wearable system con render the virtual remote in an
ARMR envivonment based at least 1n part on the specification. The wearable sysiem can
render the virtug! remote and the virtual elements of the virtual romode based on the reirieved
tayout. In some embodiments, the wearable system may provide one or more focus indicators
associated with the virtual remote, the virtnal elements of the virtual remote, or the parent
device. For example, the foeus indicator may include a visual connection {such as a line)
connecting the parent device and the virtual remote. This focus indieator may show that the
virtual remote controls the parent device.

jo142] As further described herein, the user can actuate the virtual remote {and
the virtual elements of the virtual remwote) using poses or a user input device. The wearable
system can generate a sipnal causing one or more user interface actions o be performed
based on the user’s action,

{0143 Altheugh the examples herein are described with reference to rendering »
virtual remote based on g physical remote or a parent device, in various embodiments, the
virtual remote can also be rendered based on g user input deviee 466 (such as, e.g., a physical

kevboard),
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Example Interactions with.a Virtual Element ona Vicwal User Interface

[0144]  The wearable system can be configured to detect actuation of a viriual
clement based on the user’s hand or finger movement or the movenent of a stylus or wand.
The virtual olement may be part of a virtual remote described herein, although in some
embodiments, the virtual element may be a standalone user interface clement readered in the
ARNVRMR envirommment. The virtual element may be 2 virtual button, togple, slider;, or a
virtual touch surface, or elements with other types of user interface appearances.

{0145} FIG. 17 illustrates an example of detecling an act of pressing 8 vittual
button by a user. The virtual button 1700 in FEG. 17 includes a proximal surface 1712 and &
distal surface 1714, where the proximsal surface 1712 i the side of the virlnal button that is
close to the user while the distal surface 1714 is the side that i3 away from the user.

j0146] The virtual button 1700 can include an active volume 1710, The active
volume 1710 may represent a volume of space in the user’s environment in which the button
can be actuated. When the wearable system deteets that the user’s finger has entered into this
volume of space, the weargble svstony may initiate an interaction cvent on the virtual button
1700 associated with this velume of space. Because the ocation of the virtual remote {or the
virtual button) may change based on the user’s position or interaction (such as when the user
moves around in his room or when the user moves the virtual remote to g different location),
the active vohane 1710 associated with the virtua] button 1700 may not secessarily be fixed
o a certain location m the pser’s covivonment,

{0147} In FIG. 17, the active vohume 1710 assoctated with the virtua] button 1700
may be the volame of space in-between the proximal swrface 1712 and the distal surface
1714 of the virtual button 1700, Although n this sxample, the vohame of space associated
with the active volume 1710 is the same as the volume of space associated with the virtual
button 1700, in soime embodiments, the volume of spsce assogiated with the active volume
1710 may be a poriion of the active volume associated with the virtual button 1760,

P-v
1
£

[0148] The active volume 1710 can include a trigger surface 1750 and s release
surface 1700, The wrigger surface 1730 or the release surface 1700 may cause the wearable
system to inttiate an interaction event on the virtual element.

{0149]  The active volume 1710 may also include an active surface 1730, The

active surface 1730 way be v g parallel relationshup with the proxtmal surface 1712 or the
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distal surfice 1714 The position of the active swface 1730 may change based on the
movement of the user’s finger. For example, the initial position of the active surface 1730
may be at the proximal surface 1712, However, when the aser’s finger 1720 enters imnto the
active volume 1710, the wearable system may calcudate 2 penctration distance 1740 mito the
active volume 1710 based on the movement of the user’s finger 1720, This penetration
distance 1740 may be used {o caleulate the displacement of the active swface 17300 For
example, the active surface 1730 may move away from the proximal surface 1712 by the
amount of the penefration distance 1740, In some embodiments, af least the active surface
1730 1s displayed to the user so that the user can visually perceive the virtual button 1700
being depressed or released. Further, although the finger 1720 is illustrated in FIG. 17 ax
actuating the button 1700, thix is for tHustration and in other embodiments, an énd of a stylus
or wand can be used to actuate the button 1700, Further, the user’s finger 1720 can be a
thumb, forefinger, or other finger.

[0158]  The wearable system may also caleulale a velocily associated with the
active surface 1730, For example, the user’s finger 1720 may enter the active volume 1710

Jra—

with a velocity ¥, The velocity ¥ way tuclude two components: ¥ro and V8, where ¥r s
normal to the active surface 1730 and Vi is parallel to the agtive surface 1730, The velocity
broroagal B - . < 3 o < ~ -

¥ may be imparted to the active surface 1730, As a result, active surface 1730 can co-move

with the finger 1720 when the finger 1720 s moving toward the back of the active surface.
The wearable system cap utlive an outward-facing tmaging system 464 to image the

movement of the user's finger 1720 and determine a position or the velocity ¥ using

pos

compualer vision technigues. In implersentations in which the veloctty 15 measored, the

penetration distance 1740 can be determined via nomerical ntegration (e.g., Simpson’s rule,

Newion-Cotes algorithms, or Gauss quadratare formulas) as j Va dt.

j0151] As the finger 1720 continues moving toward the distal swrface 1714, the

oy
4
L3

active surface 1730 may reach the trigger swrface 1750, In some emsbodiments, the trigger
surface 1750 may be located at the distal surface 1714 of the active volume 1710, In other

embodiments, the trigger surface 1750 muay be in-between the proximal surface 1712 gund the
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distal surface 1744, Upon determining that the active surface 1730 has reached the position
of the trigger surface 1750, the wearable system may initiate an interaction event associated
with the trigger surface 1730, For example, the wearable system may generate a signal
mdicating that the user has pressed the button 1710 as part Qf the interaction event, In some
embodiments, when an interaction ovent s trigpored, the wearable system may provent
another interaction event from being generated, at {east temporaniy. For example, a vivtual
button may be associated with nultiple interaction events such as pressing, releasing, or
shiding. When a pressing interaction s triggered, the wearable system may prevent the
sliding or the releasing interscion event to be tggered. The distance between the proximal

-

surface 1712 and the tigger surface 1750 may be set to reflect the seasitivity of the button
1700. Feor example, a very sensitive button 1700 may have g relatively small distsnee
between the proximal surface 1712 and the trigger surface 1730 (so that the button is casy to
irigger with a small movement of the fingertip). A less sensitive buiton 1700 may have a
relatively large distance between the proximal surface 1712 and the frigger surface 1750 (5o
that greater ﬁngeﬂip movement is needed to actuate the button). The distance between the
proximal surface 1712 and the irigger sarface 1750 may be in a range from about T mm 1o §
om or some other distance, m various embodiments,

[0152]  In some implementations, the active surface 1736 may not be able to move
past the tigger surface 1730, For example, the active surface 1730 may stop moving past the
trigger surface 1750 oven i the user’s finger 1720 continues moving in the direction toward
or past the distal surface 1714,

{0153 The user can fernunate the interaction svent, for example, by retracting his
finger. As an example, the nser may move his finger back toward the proximal surface 1712,
The active surface 1730 may accordingly move towards the proximal surface 1712 from the
trigger surface 1750, In some embodiments, when the active surface 1730 reaches the release
surface 1760, the wearable systom may terminate the interaction event associpied with
pressing the virtual button 1700 and thereby allow another interaction event to be initiated
{e.g., by the user pressing the button foward the distal surface 1714 again). Additionally or
alternatively, when the active surface 1730 reaches the release surface 1760, the wearable
systemn nmay mitiste another mforaction event associated with releasing the button. bor

example, the virtugl button 1700 may be gssocated with an arrow key such that when the
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user presses the virtwal button 1700, the user’s avatar 1s moving in a certain divection in the
virtual enviromment rendered by the wearable system. When the user releases the virtual
button 1700, the wearable system may generate @ signal indicating that the user’s avatar will
stop moviag in that direction.

01541 The active surface 1730 may recede toward the proximal surface 1712 at a
pre-determined return veloctty. The return velocity may be a constant or a function of the
position of the active surface. For example, the return velocity may gradually increase until it
reaches the proximal surface 1712 (where the return veloeity reaches O because the active
surface 1730 may be configored not to pass the prosimal surface 1712 of the virtual button).
position. For example, the return velocity may be dow while the active surface is in-between
the trigger swface 1750 and the release surface 1760 but may increase when the active
surface moves past the release surface 1760 toward the proximal surface 1712, The return
veloeity may be greater thag, less than, or equal o the velocity of the receding finger.

{0155} in some embodiments, active surface 1730 may co-move with the finger
1720 when active surface 1730 ix receding. For example, the active surface 1730 may recede

* 3 N Eren 23 o . . N =
with a veloeity ¥ while the finger recedes with g velocity ¥

{0156 In addition {0 or i alterative to pressing a virtual button, a user can also
interact with a virtual button by sliding the virtsal button. FIG. 18 illustrates an example
where a user actuates a virtual button by sliding the virtual button up and down. The virtual
buttonn 1800 may mclude an active surface 18300 The active surface 1830 may be an

o

embodiment of the active surface 1730 described in FIG, 17, The active surface 1830 may be
witially located at the postiion 1832,

{0157] Although i this example, the active sarface 1730 moves in 8 direction
paratlel fo the distal surface 1714 and the proximal surface 1712, the movement of the active
surface 1730 may move in any direction i the 3D space {such as g direction that is not
parale] o the distal surface 1714 or the proximal surface 1712}

{1SK] P FIG. I8, the wearable system may determine that the finger 1720 1
witially at the position 1722 which corresponds to the position 1832 of the active swriace

2o,

1830. The wearable system may further detect that a portion of the finger 1720 intersects
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with the active surface 1830, The wearable svstem can detect that the fnger 1720 moves

from the position 1722 to the position 1724 with a velocity ¥ The velocity ¥ is composed of
velocities ¥ oand ¥, where Vi is normal to the sctive surface 1830 and ¥t s parallel 1o the

active surface 1830, Accordingly, the wearable system can move the sctive surface 1830

e or

with a velocity ¥e.

[0139] in this example, the displacoment of the active surface 1830 may also be
caleulated based on the movement of the finger 1720, For example, the wearable system can
caleulate that the hinger 1720 has moved for a distance 1836 i the divection that is parallel to
the active surface 1R30, The wearable sysiemy may then determine that the active surface may
be displaced for the distance 1836, Accordingly. the wearable system may move the active
surface upward from the position 1832 to the position 1834, In some embodiments, the
wearable system may set one or more threshold positions where an mteraction svent imay be
wigperad. For example, when the active surface reaches the posttion 1834, the wearable
system oy generate a signal to move a vivtual object iy the user’s FOV opward. Similarly as
described with reference to FIGL 17, the woearable systemt can wiilize an ontward-facing
imaging sysiern 464 o image the movement of the user's hnger 1720 and determine a

position ot the veloeily ¥ using computer vision technigoes. In implementations in which the

veloclty 18 measured, the displacenment distance 1836 cun be defermuned via nurmericsl
integration {e.g., Simpson’s ruke, Newton-Cotes alporithms, or Gauss quadrature formulas) as
J-V ¢ dt.

joteh] When the user's finger 1720 no longer fouches the active surface 1830 or
when the user’s finger 1720 shides down, the wearable systom may recede the aetive surface
to its initial position (such as from the posiiion 1834 {o the position 1832). In some
embodiments, the velocity of receding may be 8 pre-determined veloctty which way not
correspond to the finger’s movement. In other embodiments, the aetive surface may co-move
with the finger 1720,

{0161} FIG. 19 illustrates an example where 8 user actuates a virtual touch

surface. The vitual touch surface 1900 may be part of 8 virtual remote described herein or be
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a standalone virtual element, The user can actnates the virtual fouch surface 1900 using the
finger 1720, The finger 1720 may move along a trajectory 1772, The wearable system can
accordingly iniliafe an intersction event based on the irajectory 1772 For example, the
wearable system can calcnlate the tangent 1774 of the trajectory 1772, The wearable system
can initinte an interaction event il the movement {velocity or displacement) along the tangent
1774 exceeds & threshold condifion. During the mteraction event, the wearable system can
provide an mstraction for moving a virtual object along the trajectory 1772,

{0162]  Dnsome emwbodiments, the wearable system may present a focus mdicator
associated with a virtua] clement. For example, the wearable system may present the color or
depth change based on the movement of the active plane, where the infensity of the color or
the perceived depth inereases as the active surface moves towards the distal swriace of the
virtual button. As another example, the wearable systemn may provide a sound or a glow
arotnd @ virtual button when the virtual boiten is pressed. The wearable system may also
ithaninate the proximal surface of the virtual button indicating that the virtnal button s
prassed. The focos indicator may also be provided when the user releases the batton. For
example, as the button moves closer to the proximal sartace, the iflumination on the button
may decrease. As another example, the size {or the font) associated with the virtual button
may decrease as if recedes back to s initial position.

joie3] The appearances of the virtual elements {e.g.. the virtual buttons 1700,
1800, and the virtual touch surface 1900) illostiated in FIGS. 16 ~ 18 are nerely examples
and are not intended o be hmiting. For example, the active surfaces as well as the virtual
clements may be v any 2D or 3D shapes such as a rectangle, triangle, circle, oval, sphere,
cubeid, pyramid, fivegular, ete.

j0164] Furthermore, although the examples are described with refercnce to
actuating the virtual clements with a finger of the user, in some implementstions, the user can
also actuate the virtual elements using other hand poses, body poses, or more than one figure.
Additionally or alternatively, the user can actuate the virtual clements using a wser input

device, such as a stylus or & wand,
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Example Processes for Inferacting with a Virtuad Button

j0165] FIG. 20 illustrates an example process for initiating an interaction event
with a virtual element in a virtual user interface. The process 2000 in FIG. 20 may be
perfarmed by the wearable svstem 200 described herein,

j0166] At block 2010, the wearable system can idemtify a virtual element in a
virtual user inderface. The virtual user interface may be part of an ARVR/MER environment,
The VR or the MR environment may be rendered by the wearsble system alone or in
combination with another computing device. The virtugl element may be a virtual bufton or a
virtual touch sourface. The virtual element may be part of the virtnal remote deseribed herein
or he a standalone virtoal user inferface element. The virtual element may mclude an sctive
surface whose movements may be associated with the wser’s movement. In some
embodiments, the active surface may be part of an active volume which can canse an
interaction event to be triggered upon detecting that a portion of the user’s body (such as a
finger) has entered into the active volume,

{1167] At bleck 2020, the wearable system can identify a first position of the
active surface, The first position may be the inttial position of the active surface hefore the
user nteraction. For example, the first position may be located at the proximal surface of a
virtusl butlon {or of an active volume of the virlual bulten). However, in some
tuplementations, when the aser bas alveady pressed the button, the fivst position may be at
the trigeer surface or at the distal sorface of the virtual button {or the active volume of the
virtnal bution).

j0168] At block 2030, the wearable system cap recetve an mdication of a aser
mteraction with the virtual element. The indication may be that a portion of the user™s body
intersects with the virtual elament (or the active surface). For e\):a:mpis‘:', Q USSr may press a
virtual button or touch the active surface.

[0169] At block 2040, the wearable system can caleulate a movement of the
active surface based at least partly on the indication 2040, For example, the wearable system
can caleulate a velocity vector of the user’s finger when the user presses a virtual button,
Based on the velocity vecior, the wearable system can caleolate a velocity in a divection
normal to the active sarface and use this velocity as the veloeity for the active surface. As

another example, when the user 13 slidimg a vivtual surface, the wearable system can calenlate
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a velocity in the divection that is paralle] to the active surface for defermining the veloeity of
the active surface. The wearable system can also caleulate a displacement of the active
surface based on the amount of distance that the user’s finger has moved.

jo176] Al block 2050, the wearable systam can calculate 8 second position of the
active surface based at least partly on the movement 2050, For example, the wearable system
can caleulate the second position based on the displacement of the active surface. In some
cmbodiments, once the gotive surface reaches a certain threshold position, the active swrface
will not continue moving. For example, when the aclive surface regches the distal end or the
proximal end of the active volume, the active swrface may siop moving so that it will move
pass the distal end or the proximal end of the active volume.

{0171] At block 2068, the wearable system can initiate an inferaction event based
at least partly on the first position and the second position of the active surface. The second
posttion may be associsted with triggering 8 certain user interface action. For example, when
the active swrface reaches o triggering surface, the wearable system may determine that the
nser has pressed the virtnsl bulton. As another example, when the user’s finger recedes, the
active surface may move back toward the proximal sarface of the sctive volume. Onee the
active surface reaches a release surface, the wearable system may generate a signal indicating

that the user has released the virtual button.

Addiional Aspects

[0172] In a Isf agpect, a system for providing a visual remote by an angmented
reality device {(ARD). the system comprising: an sugmented reality (AR} display for
presenting a virtual image to a user of an ARD:; an owward-facing imaging system
configured to image an environment of the user; a sensor configared to communicate with a
parent deviee; and a hardware provessor progranuned to! identify, based on data from at least
one of the outward-facing imaging system or the sensor, a physical remote associated with
the parent device in the environment of the user; access specifications of the physical remote;
emulate the physical remote based af least partly on the accessed specification to generate s
virtual remote; receive a selection of the virtual remote; render, by the display, the vivtual

reniote i response to the selection; recetve an indication of an interaction with the parent
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device via the virtnal remote; and transmit an instruction comprising the indication of the
mteraction to the parent device,

{0173} Ina 2od aspect, the system of aspect 1, wherein the AR display comprises
a light field display.

j0174] Iy a 3rd aspect, the system of any one of aspeets 1+ 2, wherein the sensor
comprises an infrared lght source.

{6175} Inn & 4th aspect, the system of any one of aspects 1 3, wherein the parent
device comprises at least one of) g television, a thermostat, an audio system, a home theater
system, a home secunty system, a door bell, & door lock, an air conditioner, a heater, a
lighting system, or g garage door opener.

{0176] Iin a Sth aspect, the system of any one of aspecis 1~ 4, wherein to identiy,

based on the data from at least one of the outward-facing imaging system or the sensor, the

physical remote, the hardware processor i programmed to7 receive an image of the
environment from the outward-facing imaging system; and dentify at least one of the parent
device or the physical remote in the image usng a computer vision algorithm.

{5177 In a 6th aspect, the system of aspect 5, wherein the Image comprises at
least one of a still image, a frame of & video, or a video.

{0178]  Ina Tth aspect, the system of any one of aspects 5 — 6, to identify at least
one of the parent device or the physical remote, the hardware processor is programmed tox
recognize existence of at least one of the parent device or the physical remete; and identity a
type of af least one of the parent deviee or the physical remote.

{8179 in an 8th aspect, the system of any one of aspects 3 ~ 7, wherein the
compater viston algorithim comprises at least one off a feature keypoint algorithm, 8 bag of
words type search, or & neural network algorithm,

[0184] In o 9th aspect, the system ol any one of aspeets 1 ~ 8, wheren {o wentify,
based on the data from at least one of the outward-facing imaging system or the sensor, the
physical remote comprises: recetve, by the sensor, a signal indicating a presence of the
physical remote or the parent device in the environment of the user.

jO181] In a IDth aspect, the system of any one of aspects 1~ 9, wherein the
specifications of the physical remote comprise at least one off a phurality of butions, a layout

of buttons, a comnmmication channel, or a signal asseciated with the communication channel.
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[0182] In an Pith aspeet, the system of any one of aspects 1 ~ 10, wherein to
emulate the physical remote, the hardware processor s programmed to  associaie
functionality of a button on the physical remote with a button on the virtual remote.

[0183]  In a 12th aspect, the system of any one of aspects 1« 11, wherein to
receive a selection of the virtual remote, the hardware processor is configured tor detect a
pose of the user, wherein the pose indicates the selection of the virtual remote; or reeve an
mdication of the selection from a user input device,

[0184] In & 13ty aspect, the system of any one of aspects 1~ 12, wherein the
virtual remote is rendered based at least partly on a layvout of butions of the physical remote.

jO185] In a 1dth aspect, the system of any one of aspects 1 ~ 13, wherem o
recetve an indication of an interaction, the hardware processor is programuned o0 detect a
pose of the user, wherein the pose indicates the selection of the virfual remote; or receive an
indication of the selection from a user input device.

{0186} I a 15th agpect, the system of aspect 14, wherein the pose conprises at
least one of a head pose, a hand gesture, a body pose, or a fool pose.

{187} I oa toth aspect; the system of any one of aspects 1 - 15, wherein the
mstraction is transmiited i accordance with an infrared data association commumication
standard ora radio frequency communication standard.

{0188} In a 17th aspect, a wesrable display device comprising: a display for
presenting a virtual image to a user of the wearable display device; an outward-facing
iaging syvstem configured to image an covironment of the userd a sensar configured to
communicate with an clectronic device; and a hardware processor in communication with the
display, the outward-facing imaging systeny, and the sensor, the hardware processor
programumed tor secess ramote control specifications of the elecironic device; render a virtnal
remote having g user mterface permitting nser inferaction with the electronie device, the user
interface providing Ructionality based ai least parily on the remote control specifications;
analyze an image obtained by the oultward-facing camers to determine a gesture by the user;
analyze the gesture to determine an interaction by the user with the user interface of the
virtual remote; and transmit, via the sensor to the glectronic device, an instruction associated
with the inferaction, the instroction based at least partly on the remote condrol specifications

of the electronic devige,
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[0189] In an IRth aspect, the wearable display device of aspect 17, wherein the
display comprises a light field display.

[01968]  Ina 19th aspect, the wearable display device of aspect 17 or 18, wherein
the sensor comprises an infrared emilter or a radio frequency emitter.

{0191} In a 20th aspect, the wearable display device of any one of aspects 17 -
19, wherein; the bhardware processor is programmed to analyze an image obtained by the
outward-facing imaging svstem to determine a specific model of the electronic device

{0192} In a 21st aspect, the wearable display device of any one of aspests 17 - 20,
wherein the hardware processor s programmed to render a focus indicator associated with
the virtual remote.

[0193] It a 22nd aspect, @ mothod for providing & visual romote by an augmented
reality device {ARD), the method comprising: vnder control of an ARD comprising a
hardware processor, a display for presenting a virtual image t© a user of the ARD, an
ontward-facing imaging system configured to fmage an environment of the wser, and a sensor
confipured to communicate with a parent device: identifying, based on data from at least obe
of the outward-facing imaging system or the sensor, a physical remote associated with the
parent device in the environment of the user; accessing specifications of the physical remote;
emulating the physical remwote based at least partly on the accessed specification to generate 3
virtual remote; receiving g selection of the virtual remote; rendering, by the display, the
virfugl remote in response fo the selection; receiving an indication of an interaction with the
parent device vig the virtual remote; and fransmitting an instraction comprising the indication
of the inferaction 1o the parent device,

j0194] In a 23rd aspect, the method of aspect 22, wherem identifving, hased on
the data from at least one of the outward-facing bnaging system or the sensor, the physical
remote comprises: receiving an image of the environment from the ontward-facing imaging
systeny; and identifying at least one of the parent device or the physical remwote in the image
using a computer vision algorithim,

{0195 Ina 24th aspect, the method of aspeet 23, wherein identifying at least one
of the parent device or the physical remote comywises: recognizing existence of at least one
of the parent device or the physical remote; and identifving a tvpe of at least one of the

parent device or the physical romode.

55



WO 2018/106542 PCT/US2017/064311

{0196} In a 25th aspect, the method of aspect 23 or 24, wherein the computer
vision algorithm comprises at least one of! a feature keypoint algorithm, a bag of words type
search, or a neurs! network algorithin,

{0197 In a 20th aspect, the method of any one of aspects 22 « 25, wherein
wdentifying, based on the data from at least one of the cutward-facing imaging system or the
sensor, the physical remote comprisess receiving, by the sensor, g signal indicating a
presence of the physical remote or the parent device in the environment of the user.

[0198] In & 27th aspect, the method of any one of aspeets 22 ~ 26, wherein the
specifications of the physical remote comprise at least one off a plarality of butiong, a layont
of buttons, a communication channel, or a signal associated with the communication chaanel,

j0199] fn a 28th aspect, the methed of any one of aspects 22 ~ 27, wherein
emnulating the physical remote comprises associating functionality of g button on the physical
remote with a button on the virtual remote.

{6208} I a 29th aspect, the method of any one of agpeets 22 ~ 28, wherein
receiving a selection of the virtual remote coraprises at least one off detecting a pose of the
user, wherein the pose indicates the selection of the virtual remote; or receiving an indication
of the selection from a user input device.

{0201]  In a 30th aspect, the method of any one of aspects 22 — 29, wherein the
virtual remote is rendered based at least partly on a layout of buttons of the physical remote.

{02021 In a 31st aspect, the method of any one of aspects 22 — 3¢, wherein
receiving an indication of an interaction comprises: detecting a pose of the user, wherein the
pose indicates the selection of the virtual remote; or receiving an indication of the selection
from g user input device.

{0203} in a 32nd aspect, the method of any one of aspects 22 ~ 31, wherein the
tnstruction s transmutted i accordance with an infrared deta gsseciation communicition
standard or a radio frequency communication standard.

[0204] In a 33rd aspect, a system for defecting actuation of a virtual button, the
system comprising: a wearable display system counfigured to display a virtual image to a user;
an ovntward-facing imaging system configured to oblain Images of an envivonment of the
user; angd & hardware processor progranuned to: identify 2 virtual button of a virtual user

mterface, the virtual button comprising an active surface and a trigger surface; identify a first

56



WO 2018/106542 PCT/US2017/064311

position of the active surface; determine a user interaction indicating movement of the virtual
button; calenlate 3 movement of the active surface based at least partly on the user
mteraction; calenlate @ second position of the sctive surface based at least partly on the
movement; and initiate an interaction event based at least parily on the first position and the
second position of the achive surface, wherein the interaction event is associated with
actnating the virtual button whes the movement of the active surface is toward the trigger
surface and the second position of the active surfiace mtersects with at least a portion of the
trigger surface, amd wherein the Infersction event is assoclated with releasing the virtual
button when the movement of the active surface is away from the trigger surface and the fivst
position of the active surface intersects with at least a portion of the trigger swrface,

{0205] It a 34th aspect, the system of aspect 33, wherein the active surface ixin g
paratie] relationship with the trigger surface.

{0206] In a 35th aspect, the systom of aspect 33 or 34, wherein the virtual button
further comprises a release surface and wherein the inforaction event 18 associsted with
releasing the virtual bulton when the second position of the active surfgce intersects with at
teast g povtion of the release surface.

{0207] In a 36th aspect, the system of any one of aspects 33 - 35, wherem the
user interaction indicaling movement of the virfus! button comprises an intersection between
the active plane and a physical object in the enviromment of the user, the physical object
comprising at least one off a portion of a user or a portion of a user input device.

{0208} In & 3Tth aspect, the system of aspect 36, wherein to caleolate the
movement of the active surface, the hardware processor is configured to: calculate a velocity
veetor of the physical object; and calenlate & velocity of the active surface using at least one
oft a value the velocity veotar of the physical object normial to the active surface, a value of
the velocity vector of the physical object parallel to the active surface, or a value of the
vedocity vector tangent to the active surface

[0209] I a 38th aspect, the system of any one of aspects 36 — 37, wherein to
caleulate the second position of the active surface, the hardware processor is configured to;
determine the physical object has receded from the trigger sarface at a recession speed; and

miree the getive surface at speed less than or equal to the recession speed.
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[0214] In g 39th aspect, the system of any one of aspects 33 ~ 38, wherem
calculating the movement of the active surface comprises calculating a displacement of the
active surface.

j0211} In a 40th aspeet, the system of any one of aspects 33 « 39, wherein the
hardware processor is further configured to provide a visnalization of the virtual button based
at least partly on the movement of the active surface,

[0212} In a 4ist aspect, the system of aspect 40, wherein the visualization
comprises a thcns indicator of the virtual button, the focus indicator being provided when the
movement of the virtual button passes a threshold condition.

j0213] In a 42nd aspect, the system of aspect 41, wherein the threshold condition

comprises at least one of! a threshold position, a threshold duration, or a threshold velocity.

{0214] In a 43rd aspect, the system of any one of aspects 40 — 42, wherein the
visualization comprises a focus indicator of the virtual button, wherein the focus mdicator
changes in accordance with the movement of the active plane.

j0215] In a 44th aspect, the system of any one of aspects 33 ~ 43, wherein the
imteraction event comprises at least one off triggering a user interface function oo the virtual
user interface or disabling a user mterface function,

j0216] in a 45th aspect; the system of any one of aspects 33 ~ 44, wherein lo
determine the user interaction imiicating movement of the virtual bution, the hardware
processor 1s configured to analyzing images obiained by the cutward-facing imaging system.

{217] In a 46th aspect, the systemy of any one of aspects 33 ~ 45, wherein the
hardware processor is further configured to generate a sound associated with initiating the
fnteraction event.

{0218] In & 47th aspect, 8 method for detecting actuation of g virtual button, the
method comprising: wder conttel of a wearable display system configured 1o display a
virtual fmage to a user, & hardware processor, snd an oubward-facing imaging system
contfigured to obtain images of an environment of the user: identifying a virtual button of a
virtual user interface, the virlual button comprising an active surface and 4 trigger surface;
identifying a first position of the active surfhce; determining a user interaction indicating
movement of the virtual button; calcnlating a movement of the active surface based at least

partly on the user interaction; caleulating a second position of the active surface based at
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least partly on the movement: and initinfing an interaction event based at least partly on the
first position and the second position of the active surface, wherein the interaction event is
associsted with actuating the virtual button when the movement of the active surface is
toward the tiigger surface and the second position of the active surface intersects with at least
a portion of the trigger surface, and whorein the interaction event 18 associated with releasing
the virtnal button when the movement of the aclive surface s away from the trigger swlace
and the first position of the active swrlace mtorsects with at least a portion of the wigger
surface.

10219} I a 48th aspect, the method of aspect 47, wherein the active sorface isin g
paralle] relationship with the trigger surface.

10220] In a 49th aspeet, the method of any one of aspects 47 — 4§, wherein the
virtual button firther comprises a release surface and wherein the interaction event is
associated with releasing the virtual button when the second position of the active surlface
infersects with at Ieast a portion of the release surface.

{221} in a S0th aspect, the mwethod of any one ot aspects 47 ~ 49, wherein the
user interaction indicating movement of the virtual button comprises an intersection between
the active plane and a physical object in the environment of the user, the physical object
comprising at least one off g portion of 3 user or g portion of a user input device.

10222} In a Sist aspect, the method of aspect 50, wherein caleulating the
movement of the active swrface comprises: caloulating a veloeity vector of the physical
object; and caleulating & veloeity of the setive surface using at least one off a value the
velocity vector of the physical object pormal to the aclive surthee, a value of the velocity
veetor of the physical object paraliel to the active surface, or a vahie of the velocity vector
tangent to the active surface.

[0223] In a S2nd aypect, the method of aspect 50 or 31, wherein caleulating the
second posttion of the active surface comprises: determining the physical object has receded
from the trigger surface at a recession speed; and moving the active surface at speed less than
or equal to the recession speed.

{0224]  In a S3rd aspect, the mothod of any one ol aspecis 47 — 32, further
comprising providing a visualization of the virtual button based at least partly on the

movernent of the aciive surface.
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[0225] In a S4th aspect, the method of aspect 33, wherein the visualization
comprises a focus indicator of the virtual buiton, the focus indicator being provided when the
movement of the virtual button passes a threshold condition.

[0226]  In a 35th aspect, the method of aspect 54, wherein the threshold condition
comprises at least one oft a threshold position, a threshold duration, or & threshold velocity.

[6227) In & 56th aspect, the mothod of aspect 54 or 53, wherein the visualization
comptises a focus indicator of the virtual button, wherein the fbens indicator changes in
aceordance with the movement of the aetive plane.

[0228] In a 57th aspect, the method of any one of aspects 47 — 36, wherein the
interaction event comprises at least one of! triggering a user interface function on the virtual
user wnterface or disabling A user itertace Ruction.

j0229] I a 58th aspect, a wearable system for providing a virtual remote control
in a mixed reality environment, the wearable system comprising: a mixed reality display for
presenting a vivtual image to a user; an outward-facing imaging system configoared to nmage
an environment of a usery a sensor configured fo communicate with a parent device; and 8
hardware processor programmed 10: access tmages acquired by the owtward-facing imaging
system; analyze the fmages to dentify 8 physical remote associated with the parent devies;
access specifications of the physical remote; generate 3 virtual remete based at least partly on
the speeifications of the physical remote; canse the display to render the virtnal remwote;
recgive an actuation of the virtual remote for an inferaction with the parent device; and
generate and transnuit an insteuction to the parent device causing the parvent device o perform
a function as it the physical rermote is actuated.

{234} In g 59th aspect, the wearable system of aspect 58, wherein {o identify the
physical remote, the bardware processor is programmed o0 analyec the inages to recognize
the physical remote using one or more computer vision algorithms comprising at least one off
a feature kevpoint algorithm, @ bag of words type search, or a newral network algorithm.

{0231} In o 60t aspect, the wearable system of aspect $9, wherein the bardware
processor i Ruther programmed to identify the presence of the parent device based at least
partly on the hnages acquired by the outward-facing imaging system or a signal received by

the sensor which indicates the presence of the parent device,
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[0232] In a 6lst aspect, the wearable systemt of any one of aspects 58 -~ 60,
wherein the specifications include at least one of a mapping of controls elements of the
phvsical remote to corresponding functions of the parent device, or comniunication protocals
between the physical remote and the parent devics.

j0233} In a 62nd aspect, the wearable system of aspect 61, wherein to generate
the virtual remeote, the hardware processor s programmed to; detenmine a lavout of victual
clements for the virtual remote based at least partly on the specification; and associate the
virtual elemenis of the virtugl remote with the control clements of the physical remole such
that an acluation of a virtual element on the virtual rersote wonld canse the parent device
react as if the control elewment corvesponding to the virtual elenient is actuated ou the physical
remote.

{02341 It a 63rd aspect, the wearable system of any one of aspecls 58 — 62,
wherein the hardware processor i3 further programmed to: determine a plurality of candidate
virtual remotes associated with the parent device; and select the vivtual remote among the
phurality of vandidate virtual remctes based at least partly on the user’s pose or an indication
from a user input device,

{0235] In a 64th aspect, the wearable system of any one of aspects 58 — 83,
wherein the sensor comprises an infrared light source, and wherain the mstruction s
genergted and transmitied to the parent device in accordance with an infrared dala
association communication standard or a radio frequency conmmunication standasd.

10236} In 8 65th aspect, the wearable system of any one of aspects 58 ~ 64,
wherein the virtual remote comprises a virtual bulton, the virtual bution is associated with &
volume of space and hag an active surface configured fo track the user’s interaction with the
virtual bution and a trigger surface for riggering a user interface action.

{0237} In a 66th aspect, the wearable system of aspeet 85, wherein the active
surface is in a paralie! relationship with the trigger surface.

{0238} In a 67th aspect, the wearable system of aspect 65 or 66, wherein to
recgive an actuation of the virtual remote, the hardware processor is configured to: identify a
first position of the active surface; ealenlate a second position and & movement of the active
surface based at least partly on the uger’s movement; and actuate the virtual button when the

movement of the active surface is toward the tngger surlace and the second position of the
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active surface intersects with at least a portion of the trigger surface, or release the virtual
button when the mevement of the active surface is away from the trigger surface and the first
pasition of the active surface intersects with at least a portion of the trigger surface.

[0239] In a 68th aspect, the wearable svstem of aspect 67, wherein the virtual
button futher comprises a release surface and wherein the bhardwars processor is
progranuned o release the virtual button when the second position of the active surface
intersects with at loast a portion of the release surface.

[0240]  In a 69th aspect, the wearable system of aspect 67 or 68, wherein io
calenlate the movement of the aclive surface, the herdware processor is programmed to:
calculate a velocity vector of the user’s movement; and calculale a velocity of the active
surface based on at least one oft a value the velocity vector normal to the active surface, a

tangent to the active surfyce,

{0241} In a 70th aspect, the wearable system of aspect 83, wherein the hardware
processor is programmed to provide & visualization of the virtual button for presentstion to
the user by the mixed reality display, the visualization based at least partly on g movement of
the active surface.

{0242} In a 71st aspect, g method for providing a virlual remole control in &
mixed reality environment, the metbod comprsing: accessing images ol a user’s
environment acquired by a wearable device; analyring the images to identify a farget device
in the gser’s environment: accessing specifications associated with the target device, wherein
the specifications comprises at least a mappiug between control elements of a physical
remote fo fonctions of a parent device; pencrating a virtual remote based at least partly on the
speciiications; causing the wearable device to render the virtual remote in a mixed reality
enviromnent; detecting an actuation of the virtual remote for an inferaction with the parent
device: and generating and fransmitting an instruction o the parent device causing the parent
device to perform a funclion as if the physical remote is actuated.

{02431  In a 72nd aspect. the method of aspect 71, wherein the target device
comprises the physical remote or the parent device.

[0244)  In g 73rd aspect, the method of aspect 71 or 72, wherein identifyving the

targel device comprises: analyzing the wnages to recognive the farget device using oue o
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more computer vision algorithms comprising at least one oft 8 feature keypoint algorithm, &
bag of words type search, or a newral network algorithm,

{0245  In a 74th aspect, the method of any one of aspects 71 - 73, wherein
geperating the virtual remote comprises: detenmining a layont of virtpal clements for the
virtual remete based at least partly on the specification; and associating the virtual elements
of the virtugl remote with the control elements of the physical remote such that an actuation
of a virtual element on the virteal remote would cause the parent device reaet as 1f the control
element corresponding to the virtual element is actuated on the physical remote,

{02461 v a 75th aspect, the method of any one of aspects 71 — 74, wherein the
virtual remote comprises a virtual batton, the virtual butlon is associated with a volume of
space and has an active surface configured to frack the user’s interaction with the virtual
button and a trigger surface for triggering a user interface action.

{0247]  In a 76th aspect, the method of any one of awpects 71 — 73, wherein
detecting an actuation of the virtual renote comprises: dentifving a first position of the
active surface; calculating a second position and a movement of the active surfiace based at
teast partly on the user’s movament; and actuating the virual button when the movement of
the active surface 1s toward the trigger surface and the second position of the active surface
indersects with at least a portion of the tigger surface, or release the virtaal button when the
movement of the active surface 15 away [rom the tagger surlace and the fist posttion of the
active surface intersects with af least a portion of the trigger surface.

0248} In a 7Tth aspect, the method of aspect 76, wherein the virlpal button
further comprises a release surface and the method further comprises releasing the virtual
button when the second position of the active surface intersects with at least a portion of the

release surtace.

Oiher Congiderations

021491 Fach of the processes, methods, and algorithms described herein andfor
depicted in the attached figares may be embodied in, and fully or partislly automated by,
code modules executed by one or more physical compuling systems, bardware computer
processors, application~spectfic cireuilry, and/or electronic hardware configured to execute

specific and particular computer mstroctions. For example, computing systams can inclade
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general purpose computers (.., servers) programmed with specific compuier instructions or
special purpose computers, special purpose cireuitry, and so forth, A code moduole may be
compiled and hinked into an executable program, installed in 2 dynamic link library, or may
be written in an uterpreted programming language. In some implementations, particular
aperations and methods may be performed by circuitry that is specific to a given function,

j0256] Further, certain implementations of the functiomality of the present
disclosure are sulliciently mathematically, computationally, or fechnically complex that
application-specific. hardware or one or more physical computing devices (utilizing
appropriate  specialized execotuble  Instructions) may be necessary o perform  the
functionality, for example, due to the vohane or complexity of the calculations involved or to
provide results substantially in real-time. For example, a video may include many frames,
with pach frame having nullions of pixels, and specifically programmed computer hardware
is necessary to process the video data to provide a desired image processing task or
application i g commercially reasonable amount of tine.

{0251} Code modnles or any type ol data may be stored on any type of non-
transtiory computer-readable mediom, such as physical conmputer storage mclading hard
drives, solid state memory, random access memory (RAM), read only memory (ROM),
optical dise, volatile or non-velatile storage, combinations of the same andfor the like. The
methods and modules {or data) may also be fransmitted as generated data signals {e.g., as
part of a carsier wave or other analog or digital propagated signal) on a variety of computer-
readable transmission mediums, including wircless-based and wired/cable-based medinms,
and may take & variety of forms (e.g. as part of a single or multiplexed analog signal, or as
multiple discrete digital packets or frames ). The resulis of the disclosed processes or process
steps may be stored, persistently or otherwise, in any type of non-trausitory, tangible
computer storage or may be communicaled vig a computer—eadable transimission mediam,

{0252 Any processes, blocks, sfates, sieps, or functionahties i Qow diagrams
deseribed herein andior depicted in the attached figores should be tnderstood as potentially
representing  code modules, segments, or portions of code which include one or more

executable instructions for implementing specific functions (e.g., logical or arithmetical) or

combined, rearrangsd, added to, deleted from, modified, or otherwise changed from the
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ustrative examples provided herein. In some combodiments, additional or different

g systems or code medules may perform some or all of the functionalities described

oo

computin
herein. The methods and processes deseribed herein are also not limited to any particular
sequence, and the blocks, steps, or states relsting thereto can be performed in other
sequences that are appropriate, for example, in senal, in parallel, or in some other manner,
Tasks or events may be added o or removed from the disclosed example embodiments.
Morcover, the separation of various system components in the nuplementations deseribed
herein is for illustrative purpeses and should not be understood as requiring such separation
i all implementations. It should be understood that the deseribed program components,
metheds, and systems can generally be integrated together in a single computer product or
packaged nto multiple computer products. Many implementation variations are possible.

{253]  The processes, methods, and systems may be bnplemented i a network
{or distributed) computing envirenment, Network environments inclide enterprise-wide
compuier nebworks, intranets, local arca networks (LAN), wide area networks {(WAN),
personal area networks (PAN), clond compuling networks, crowd-sourced computing
networks, the Internet, and the World Wide Web. The network may be a wived or a witeless
network or any other type of communication network,

{0234}  The systems and methods of the disclosure cach have several innovative
aspeets, no single one of which 18 solely responsible or required for the desirable sftributes
disclosed herein. The various features and processes desertbed above imay be used
independently of one another, or may be combined in various ways. All possible
combinations and subcombinations arc intended to fall within the scope of this disclosure,
Various modifications o the anplementations described in this disclosure may be readily
apparent 1o those skilled in the art, and the generie principles delined herein may be applied
to other implementations withoul departing from the spiril or scope of this discloswee. Thus,
the claims are not intended to be Imited to the implementations shown herein, bat are to be
accorded the widest scope consistent with this disclosure, the principles and the novel
features disclosed herein.

{0255  Certam featurey that are deseribed in this specification in the context of
separate implementations  alse canr be implemented  in combination In a  single

implementation, Conversely, various features that are described in the context of a single
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mmplementation alse can be implemented in multiple implementations separately or In any
suitable subcombination. Mereover, 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 M some cases be excised from the combination, and the claimed
combination may be directed to a subcombination or variation of a subcombination. No
single feature or group of festures is necessary or indispensable to cach and every
embodiment.

j0256]  Conditional language used herein, such as, among others, “can,” “eould,”
“might,” “may,” “eg.” and the ke, snless specifically stated otherwise, or otherwise
understood within the context as used, 15 generally nfended fo convey that certain
embuodimenis include, while other ambodiments do not include, certain featurss, sloments
andi/or steps. Thus, such conditional {anguage is not generally intended to imply that features,
elements and/or steps are in any way required for one or more embodiments or that one or
more embodiments necessarily melude logic for deciding, with or without author input or

prompting, whether these features, elements andéor steps are wicladed or are to be performied

Xy AR

tn any particular embodiment. The terms “comprising,™ “inclading.” “having” and the like
are synonymous and are uvsed inclustvely, i an opon-ended fashion, and do vot exclude
additional elements, features, acts, operations, and so forth. Also, the term “or™ is used in iis
mehusive sense {and pot in its exclusive sense) so that when used, for example, to connect a
list of elements, the torm “or”™ means one, some, or all of the elements in the list. In addition,
the articles “a,” “an,” and “the” a8 used in this application and the appended claims are to be
construed to mean “one or more™ or “at least one™ unless specified otherwise,

j02587] Ax used hercin, a phrase referring to “at least one of ™ a lst of tems refers
o any combination of those tems, including single members. As an example, “at least one
ofl A B, or U7 iy intended o cover: A, B, C Aand B Aand €. Band Coand A, B, and C.
Conjonctive language such as the phrase “at least one of X, Y and £, onless specifically
stated otherwise, 18 otherwise understood with the context as nsed in general to convey that
an item, ferm, ete. may be at loast one of X, Y or Z. Thus, such conjunctive language ix not
peneratly intended o imply that certain embodiments require at least one of X, at least one of

Y and at least one of Z to gach be present.
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{0258} Similarly, while operations may be depicted 1o the drawings in a particular
order, itis to be recognized that such operations need not be performed in the particular order
shown or in sequential order, or that all llustrated operations be performed, to achieve
desirable results. Further, the drawings may schematically depict one more example
processes in the form of & flowchart, However, other operations that are not depicted can be
meorperated iy the example methoeds snd processes that are schematically ttlustrated. For

example, one or more additional operations can be performed before, after, simultancously,

the implementations described above should not be understood as requiring such separation
in all implementations, and # should be understood that the described program components
and systems can generally be integrated together in & 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 w the claims can be performed in a

different order and siill achieve desivable results.
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WHAT IS CLAMEDR IS

1. A wearsble systam for providisg a virtual remote control in a mixed reality
enviromnent, the wearable system comprising:
a mixed reality display for presenting a virtual image to & usex;
an outward-facing inaging system configured o image an environment of a
user;

a sensor configared to communicate with a parent deviee; and
a hardware processor programmed to:

access images acquived by the outward-facing imaging system;

analyze the images to identify a physical remote associated with the
parent device;

access spectfications of the physical remote;

generate a virtoal remote based at least partly on the specifications of
the physical remote;

canse the display to render the virtual remote;

receive an sctiation of the virtual remote for an intevaction with the
parent device; and

generate and wansoit an instruction 1o the parent device causing the
parent deviee o pt}i‘fﬁm‘} a function as if the physical remote s actuated.

2. The wearable system of ¢latny 1, wherein to wdentify the physical remote, the
hardware processor is pmgmmmed ap

analyre the images to recognize the physical reroote using one or more

computer vision algorithms comprising at least one of! a feature keypoint algorithm, 8

bag of words type search, or a neural network algorithm.

3. The wearable system of clamn 2, wherein the hardware processor is further
programmed to identify the presence of the parent device based at least partly on the images
acquired by the outward-facing imaging system or a signal received by the sensor which
indicates the presence of the parent deviee,

4. The weagrable system of elaim 1, wherein the specifications inchude at legst one of

2 mapping of coniroly elements of the physical remote to corresponding functions of the
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parent device, or communication protocols: between the physical remote and the pavent
device.
5. The wearable system of claim 4, wherein o generste the virtual remote, the
hardware processor is programmed o)
detenmine a layout of virtual elemenis for the virtual remote based at loast
partly on the specification; and
associate the virtual elements of the virtoal remote with the control eloments
of the physical remote such that mn acteation of a virteal element on the virtual
remote would cause the parent device react as if the control element eorresponding to
the virtual element is actuated on the physical remaote,
6. The wearable systern of clsim 1, wherein the hardware processor is further

programmed to

device; and
select the wirtual remote among the plarality of candidate virtual remotes

based at least partly on the user™s pose or an indication from o wser input device.

7. The wearable systewy of claim 1, whersin the sensor comprises an infrared light

source, and wheremn the tostruction is generated amd transmitted to the parent device in
accordance with an infrared data association communication standard or a radio frequency
communication standard.

8. The weargble system of claim 1, wherein the virtual remote comprises a virtual
button, the virfual butfon 1 assoviated with a volume of space and has an active surface
configured to track the user’s interaction with the virtual button and a frigger surface for
triggering a user inlerface action.

9. The wearable system of claim 8, wherein the active surface I I a parallsd
relationship with the trigger surface,

10, The wearable system of claim 8, wherein o veceive an actuation of the virtual
remote, the hardware processor 1s configared to:

wdentify a fst position of the active surface;
calculate a second position and a movement of the active surface based at

least partly oo the user’s movement; and
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actuate the virtnal button when the movement of the active swrface is toward
the trigger surface and the second position of the active surface intersects with at least

a portion ef the trigger surface, or release the virtual bufton when the movement of

the active surface s away from the trigger surface and the first position of the active

surface intersects with at least a portion of the {rigger surface,

1. The wearable system of claim 10, wherein the virtual bution further comprises a
release surtace and whersin the hardware processor is programmed to release the vitual
button when the second position of the active swrihce intersects with at feast a portion of the
release surface.

12, The wearable system of claim 10, wherein to calculate the movement of the active
surface, the hardware processor is progranumed to!

caleulate a veloctty vector of the user's movement; and

caleulate a velocity of the active surface based on at least one off a value the
veloctly vector normaad o the active surface, a valoe of the velocity veclor parallel to
the active surface, or a value of the velocity vector tangent to the active surface.

13, The wearable system of claim &, wherein the hardware processor is programmed
to provide a visualization of the virtual button for presentation to the user by the mixed
reality display, the visualization based at least partly on a movement of the active surface.

1. A method for providing a virtual remote control in a mixed reality environment,
the method comprising:

accessing images ol a user’s environment acquired by @ wearsble device;

analyring the images to identify a target device in the user’s environment;

sccessing specifications associated with the terget device, wherein the
spectiications comprises at least a mapping between control elements of a physical
remote to functions of @ parsat device:

generating 8 virtual remote based af least partly on the specifications;

causing the wearable device © render the virtual remote in a mixed reality
envirgnment;

detecting an actuation of the virtual remote for an interaction with the pavent

device; and
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generating and transmitiing an instruction to the parent device causing the
parent device to perform a function as if the physical remote s actuated.

{5, The method of ¢laim 14, wherein the target device comprises the physical remote
or the parent device.

16. The method of claim 14, wherein identifving the target device comyprises;
analyzing the images {0 recognize the target device using one or more compuier vision
algorthms comprising at least one off 8 feature keypoint algonthm, a bag of words type
search, or a newral nefwork algorithm.

17. The method of claim 14, wherein generating the virtual remote comprises:

deterndining a layout of virtual elements for the virtual remote based at least
partly on the specification; and

associating the virtual clements of the virtus! remote with the control cloments
of the physical remote such that an actuation of g virtual element on the virlual
remote would cause the parent device react as i the control element corresponding to
the virtnal element is actuated on the physical remote.

18, The method of claim 14, wherein the virtual remote comprises a virtusl batton,
the virtual bution is associated with a volume of space and has an active surface configured
to track the user’s interaction with the virtual button and a trigger surlace for triggering a
user interlaee action,

19, The method of claim 14, wherein detecting an actoation of the virtual remote
COMPEISEs:

identifying a frst position of the active sorlace;

caleulating « second position and a movement of the active surface based at
feast partly on the user’s movement; and

actuating the virtual button when the movement of the active surface iy toward
the trigger surface and the second position of the getive surface intersects with at least

a portion of the tngger surface, or release the virtual button when the movement of

the active surface ix away fom the irigeer surface and the first position of the active

surface intersects with at feast a portion of the trigger surface.
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20, The method of claim 19, wherein the virtual button further comprises a release
surface and the method further comprises releasing the virtual button when the second

position of the active surface intersects with at least a portion of the release sarface.
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