Head-Mounted Devices With Dual Gaze Tracking Systems

Field
{080} This relates generally to electronic devices, and, more particularty, to electronic devices

such as head-mounted devices.

Backeround

{88021 Electronic devices such as head-mounted devices may have displays for displaying

images. The displays may be housed in a head-mounted suppart structare.



Sununary
{8031 A head-mounted device may have a head-mounted support strocture. Doring use of the
head-mounted device, the head-mounted support structure may be wom on the head of a user.
(8004} Gaze wracking systems may be used o gather information on the divection of the user’s
gare. The head-mounted support structore may form a patr of glasses or other head-mounted
housing. The glasses may include, for example, a frame and a pair of temples or other elongated
side support members that are coupled to the frame by hinges.
188051 (lasses lenses {e.g., transparent lens members with or without an associated lens
powery may be supported by the frame. Display systems on the left and night sides of the device

senerated mages 1o the user while the user 18 viewing real-world objects

may provide computer-
through the lenses. In some conligurations, selectablie menus and other selectable items may be
displayed over real-world images.

[8G06]  The gare tracking systems may include mmage-sensor-based systems such as eye-ghnt-
based systems. A glint-based gaze tracking system may inchede Hight-emitting devices that emit
tight beams that create cye glints on the surface of a user’s eyes and may inciude an image sensor
that measures the ove ghots. The pattern of eye ghnts may be analyzed to produce information
on the user’s gaze.

[GBO7] The gare tracking systems may also include a low-power gaze tracking systern. The
low-power gaze tracking system may use light detectors to measure lght reflections from the
user’s eyes, The light reflections may cormrespond to refiections of the Hght beams emitied by the
light-emitting devices used by the glint-based gare tracking sysiem. The user’s gare may be
measured by analyzing the magnttudes of the detected light reflections.

[GG88]  The head-mounied device may use different gaze tracking systems in different
operating modes. For example, a glint-based gaze tracking system or other system based on an
HRAZe sensor may, i a given mode of operation, be used to gather gare information o

supplement and/or replace gare tracking information from a low-power gaze tracking system. In

bl

another mode of operation, the low power gaze tracking system roay be used to frack the use’s

are without using the elint-based gaze tracking system.
are without using the glint-based gaze tracking system
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Bried Description of the Drawings

o008 FIG. | is a front view of an illustrative elecironic device such as a head-mounted device
in accordance with an emnbodiment,

B018]  FIG. 2 18 a schematic diagram of an tustrative electronic device in accordance with an
embodiment.

[8018]  FIG 3 is a disgram of illustrative computer-generated (virtualy content merged with
real-world content in a user’s field of view 1 accordance with an embodiment.

(88121 FIG. 4 iy a side view of an illustrative glint-based gare tracking system in accordance
with an embodiment.

80131 FIG. 5 s a side view of an illustrative low-power gaze tracking system of the type that
rnay share light-emutting devices with the glint-based gaze racking systern of FIGG. 4 1n
accordance with an embodument.

[0014] FIG. & is a diagram of an illustrative Hght detector for a low-power gaze tracking
system in accordance with an embodiment.

[GGI8]  FIG. 7 is a cross-sectional side view of an ilustrative head-mounted device being used
£ Measure a user’s gaze n accordance with an embodiment.

[B816] FIG. 8 is a flow chart of illustrative operations assoctated with using a head-mounted

device in accordance with an embodiment,



Detailed Deseription

8171 Head-mounted devices include head-mounted support siractures that allow the devices
o be worn on the heads of users. Head-mouuted devices may include input-output devices for
gathering input and supplying a user with cutput. For example, head-mounted devices may
inchude speakers for presenting a user with audio onlput and/or may include displays for
presenting a user with visual content.

{BGI8T During use of a head-mouonted device, it may be desirable {o monitor the direction in
which a user is gazing. For example, information on the user’s gaze {direction of viewing) may
be used as input to the device, may be used to help efficiently display foveated content {content
rendered using a foveated rendering scheme) on a display, may be used to determine which
virtual and/or real objects in the user’s {ield of view are currently being viewed by the user o
provide the device with context {e.g., so that a user may request more information about the
currently viewed obiject, so that the device can automatically supply such information, eic. ),
and/or may otherwise be used by the head-mounted device.

{64197 A head-mounted device may include one or more gaze tracking systoms such as
systems based on image sensors that detect and process eye ghints {eyve refloctions ansing when
the eye is iHuminated by light-emitting diodes or other Hight-sources near the cye) and/or that
detect and process umages of the user’s eve {e.g.. retinal images, frages of the gser’s pupsl, ete).
{aze tracking systems such as these may operate at infrared and/or visible wavelengths.

166281 To sopplement these devices and (o potentially help reduce bulk, cornplexity, and power
consumption, the head-mounted device may be provided with a low-power gaze tracking system.
The low-power gaze tracking system may consume less power during operation than the ghnt-
based gave tracking systen and can be used where the capabilities of the glint-based gaze
tracking system are not desired. In some configurations, the device may switch botween
operating 1n a fHirst mode 1 which only the low-power gaze tracking system s ased and a second
mode in which the glint-based gaze tracking systen is used {and in which the low-power system
is optionally used).

[GG28] FIG. §is a front view of a portion of an ilustrative head-mounted device. As shown in
FIG. 1, electronic device 10 may include head-mounnted support strocture 26 1o house the

4



components of device 10 and to support device 10 on a user’s head. Support structure 26 may
nelude, for example, portion 26M (sometines referred to as a glasses {rame, main support
rember, main bousing portion, or wain portion) that rests in front of a user’s face doring use.
Portion 26M may include a nose bridge portion such as portion Z6NB that connects the left and
right sides of portion 26M. Left and right lenses such as ilostrative lens 46 may be supported by
portion 26M in front of a wser’s left and right eyes, respectively (see, e.g., eye 42). Support
structure portions such as portion 267 may extend along the sides of a user’s head (e.g.. into the
page in the ovientation of FIG. 1), Portions of structure 26 such as portion 26T of FIG. 1, which
may sometimes be referred to as glasses temples or clongated side support members, may be
conpled to portion 26M by hinges 26H (a5 an example). In this type of arrangement, support
structure 26 may be configured {0 form a pair of glasses, H desired, support structare 26 may
have portions forming siraps, googles, structures for hats or helmets, and/or other head-mounted
housings.
[6022]  Duoring operation of device 10, rnages may be presented to g user’s eyes in eye boxes
such as eye box 30, For example, each side ol device 1 may have a display projector or other

display 1d {2.g., a

Lf/

canning mirror display or other display device) that crestes a computer-
generated image. Using an tnput coupler {e.g., a prism or holographic 1oput coupler), this image
may be coupled into a wavegnide that extends across an associated lens 46 in front of an
associated eye box 30, The fmage from the display may travel through the waveguide in
accordance with the principal of total internal reflection. Lens 406 may inchude an output coupler
{c.z. a holographic oulput coupler or other suttable putput coupler on the wavegnide) that divects
the tmage out of the wavegide towards the user’s eye 42 1n an associated eye box 30,

[8G23] Eye boxes 30 include a left eve box that receives a el image and a right eyve box that
recetves a night image. FHG. 1 shows only a single display 14 and lens 46 overlapping a single
eve 42 in a single eve box 30, Device 10 preferably includes a left display system with a left
display 14 that presents the left image (o the 1ohl eye box and a vight display system with a right
display 14 that presents the right image to the right eve box.

18024]  In addition (o serving as a wavegoide or supporting subsivate for a waveguide (o help

route unage light from displays 14 to eye boxes 38, lenses 46 may form optical combiner



assernblies. Lenses 46 way, tor example, be formed from a layer of clear matenal such as
transparent polymer or glass that allows the user to view real-world objects through lenses 46, In
this way, the optical system forroed by the waveguide, output coupler, and lens 46 overlapping

cach oye box serves as an optical combiner assembly that can be used to combine display images

{e.g., computer-generated content from displays 14, which may sometimes be referred 0 as
virtual image content, virtual images, or computer-generated images) with real-world image hght

N

{e.g., light from real-world objects, sometimnes referred to as real-world images).
{8281 H desired, device 10 may have left and/or right forward-facing cameras (see, e.2.,
forward-facing camera 44 of Fl{5. 1) and/or other cameras for capturing images of real-world
objects. These froages, which roay mclude st andfor moving smages, may be processed using
patiern recognition fechnigues {e.g., to identily the locations of surfaces, edges, objects. and/or
other features 1 a scene, 10 wWdentify butldings and other deros 1o a scene, elc.), may be displayed
on a display for a wser, may be trapsmitied to remote eguipment for processing, and/or may
otherwise be used during the operation of device 10

{34261 Gare tracking information can be gathered using gare tracking components 44, As
shown in FIG. 1, gaze tracking components 40 may extend in a ring avound the periphery of lens
46, Lens 46 may be rectangolar (with rounded or straight corners), civcular, oval, teardrop
shaped. and/or may have other suitable ontlines. Components 40 may include light-enuiting
devices {e.g.. laser diodes, Hght-emmtting diodes, ete.y and hght-detecting devices (e.g.,
phiotodetectors such as photodiodes, image sensors, efc.).

186271 Components 40 may operate at visible wavelengths and/or infrared wavelengths, For
example, components 40 may emit and detect infrared light having a wavelength of at least 850
nm, 870 nm, $50-1000 o, at least 860 nmy, at least 900 nm, less than 1400 nm, less than 1200
ni, less than 1100 nm, less than 1000 nmy, less than 930 nm, 940 nm, less than 934 nm, 800-
1000 nm, ete. There may be any suifable number N of gaze tracking components 44 surrounding
cach lens 46 i device 10 (e.g., the value of N may be at least 3, at least S, at least 10, at least 15,
3-8, 4-20, 5-15, loss than 23, less than 20, less than 16, loss than 12, less than ¥, or other suitable
valued.

{6281 A schematic diagram of an illustrative system that may include a head-mounted device
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such as device 10 of FIG. 1 that gathers gaze information doring device operation is shown in
FIG. 2. As shown in FIG. 2, system 8 may include one or more electronic devices such as
electronic device 10, The electronic devices of systern § may include computers, cellular
telephones, head-mounted devices, wristwaich devices, and other electronte devices.
Configurations in which electronic device 10 18 a head-mounted device are sometimes described
herein as an example. Head-mounied devices may inclede goggles, helmets, glasses, and/or
other equipmment that may be worn Over a user’s eyes.

{8281 As shown i FIG 2, electronie devices such as electronic device 1 may have control
circuitry 12. Control circuttry 12 may include storage and processing circuitry for controlling
the operation of device 10, Ciremtry 12 way include storage such as hard disk drive storage,
nonvolatile memory {e.g., elecinically-programmabic-read-only memory configured to forma
solid-state drive), volatile memory {e.g., stafic or dynamic randorm-access-roemory), ¢ic.
Processing circuitry in control circuitry 12 may be based on one or more microprocessors,
nticrocontrollers, digital signal processors, baseband processors, power management nnils, andio
chips, graphics processing units, appheation specific integrated circuits, and other integrated
circuits. Soltware code may be stored on storage in circnifry 12 and run on processing circaiiry
w ciremiry 12 to smplement control operations {or device 10 (e.g., data gathering operations,
operations involving the adjustment of the components of device 10 using control signals, ete.}.
Control circnitry 12 may inclade wired and wircless compmunications ciremtry. For exarople,
control circuitry 12 may include radio-frequency transceiver circuitry such as cellular telephone
fransceiver cirouitry, wireless local area netwaork transceiver circuiiry {e.g., Wili® cirenitry),
niibimeter wave fransceiver citcutiry, and/or other wireless communications cirowiry,

18438]  Duoring operation. the communications cirenifry of the devices 1n system 8 {e.g., the
communications circuitry of control circuitry 12 of device 10), may be used to sapport
communication between the electronic devices. For example, one electronic device may transmit
video data, audio data, anddor other data to another electronic device in system 3. Electronic
devices in system 8 may use wired and/or wirgless communications cirenitry to communicate
through one or more comrurications networks (e.g., the nternet, local arca networks, ote.). The

communications circuttry may be used to allow data to be received by device 1) from exiemal

~y
H



equipment {e.g., a tethered computer, a portable device such as a bandheld device or lapiop
computer, online computing equipment such as a remote server or other remote computing
equiproent, or other electrical equiprent) and/or to provide data to external equipment.

{683%] Device 10 may incinde input-output devices 22, Input-cutput devices 22 may be used
o allow a user o provide device 10 with user input.  Input-output devices 22 may alse be used to
gather information on the environment 1w which device 10 is operating. Ouiput components in
devices 22 may allow device 10 1o provide a user with output and may be used 1o communicaie
with exiernal electrical equipment.

(88321 As shown in FIG. 2, input-cutput devices 22 may include one or more optional displays
such as displays 14, In some conligurations, device 10 includes left and right display devices.
Device 10 may, for cxanmple, inclade left and right components such as feft and right scanning
roiror display devices or other Unage projectors, Hgmid-crystal-on-silicon display devices, digital
nror devices, or other reflective display devices, left and right display panels based on light-
emitting diode pixel arrays {c.g., organic lght-eroitting display panels or display devices based
on pixel arrays formed from erystatline semiconductor Hght-emitting diode dies), hqud crysial
display panels, and/or or other left snd night display devices that provide tmages to left and night
eve boxes for viewing by the user’s left and night eves, respectively,

188331 Dvisplays 14 may be used to display visual content for a nser of device 1) The content
that is presented oo displays 14 may include virtual objects and other content that is provided o
displays 14 by control circuitry 12 using optical combiner assemblies in device 10 that overlap
eye boxes 30, The optical cornbiner assemblies may also allow the aser to view real-world
content through lenses 46

[0034]  Input-output circuttry 22 may include sensors 16, For example, sensors 16 may include
gare tracking sensors {e.g., a gaze fracking system based oun an image sensor and, if desived, a
tight source that emits one or more beams of light that are tracked using the image sensor after
reflecting from a wser’s eves, a low-power gaze tracking system formed using photodetectors,
etc.}. Sensors 16 may also include, for example, three-dimensional sensors {e.g., three-
dumensional image sensors such as stroctured Light sensors that emit bearns of light and that use

two-dimensional digital inage sensors to gather ymage data {or three-dimsensional images {rom
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fight spots that are produced when a target 18 thumioated by the beams of hight, binocular three-
dimensional image sensors that gather three-dimensional images using fwo of MOTe cameras in a
binocular imaging arrangement, three-diroensional hidar (Jight detection and ranging) sensors,
three-dimensional radio-frequency sensors, or other sensors that gather three-dimensional image
datay, cameras {€.2., infrared and/or visible digital image sensors), touch sensors, capaciive
proximity sensors, hght-based (optical) proximity sensors, other proximity sensors, force
sensors, sensors such as contact sensors based on Swilches, gas sensors, Prossure sensors,
molshure sensors, magnetic sensors, audio sensors {microphones), ambient light sensors,
microphiones for gathering voice commands and other audio input, sensors that are configured to
gather information on motion, position, and/or orentation {&.g.. accelorometers, gyroscopes,
compasses. and/or inertial measurement units that include all of these sensors or a subset of one
or {wo of these sensors), and/or other sensors.,

{8351 Ulser input and other tnformation may be gathered using sensors and other input devices
in input-output devices 22, H desired, input-output devices 22 may include other devices 24
such as haptic ouiput devices {e.g., vibrating components), light-emitting diodes and other hght
sources. speakers such as car speakers for producing andio outpt, circuits for receiving wireless
power, circuits for transmitiing power wirelessly 1o other devices, batleries and other energy
storage devices {£.g., capacitors), joysticks, buttons, and/or other components.

{6436]  Electronic device 10 way have housing structuves {e.g., housing walls, straps, ef¢.}, a5
shown by iHlustrative head-mounted support structure 26, Structure 26 may be formed from
podyiner, glass, metal, carbon-fiber materials and/or other fiber-compositic materials, ceramie,
wood, leather, andfor other natural materials, fabric, other materials, and/or combinations of two
or more of these materials,

{6371 As auser s walking down a street or stherwise interacting with the environment
surrounding the user, the user may observe real-world objects. At the same time, computer-
generated content may be provided {o the user using displays 14, Gaze tracking operations way
be used to monitor the direction in which the user 1s viewing real-world objects and may
theretore be able to help determine the identity of objects being observed by the user. o

identifying the objects being viewed by the user, device 10 may, as an exaniple, determine the
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user’s location {rom a satcHie pavigation system recetver and determine the ortentation of
device 1{ at that location using an incrtial measurement umit or other orientation sensors. By
using ondine database information in addition to geographical information, device orteniafion
information, and information on the user’s gaze, and optional forward-facing camera images of
the environment, the objects being viewed by the user can be identified. Information on the
user’s gaze may also be used as a form of user input {e.g., eye gesture input).

16638]  Consider, as an exarnple, the tlustrative arrangement of FIG. 3. FIG. 3 shows an image
that 1s being viewed by a user through lens 46, Image 30 inchudes real-world content such as
real-world objects 52 that are being observed through lens 46 in real time., Image 50 may also
include compuier-generated 1mages such as computer-generated content 34, In the example of
FIG. 3, content 54 includes multiple selectable menu items {c.g., items A, B, and C1.

{8381 A oser may interact with device 10 by moving the user’s eyes. Device 10 may, as an
example, initially be operating in a mode 1o which content 54 13 not being displayed. o this
mode, the user may be gazing in gare divection 36. To direct device 10 to display content 534
{e.g., to invoke an interactive menu or other computer-generated information), the user may
provide device 10 with eye gesture input (e.g., by sweeping the user’s eye in a particular
divection, by holding the user’s gase af a particular fixed point for more than a predetermined
amount of time, by altering the user’s gare in accordance with other predeternuined gesture
patterns, ofc. ). As an example, the aser may move their gare to the nght in divection 58 1o gaze
direction 60,

106487 This movernent (sweeping the user’s gaze from divection 36 to direction 60) may be
detected by the gare tracking system({s} of device 10, In respouse, device 10 may use displays 14
to update image 50 so that content 34 is displayed (e.g., along one of the peripheral edges of
image 50 and/or at other sutlable locations in image 303, Unce content 54 18 being displaved, a
user may move their gaze from a first location such as gare divection 62 to a second location that
overlaps with a desived item 1o content 54 {e.g., garze direction 64, which is associated with sem
Ch. By dwelling their gaze in direction 64 for more than a predetermined amount of time, the
pser may select dem € and device 10 can {ake sumtable action m response {e.g., by plaving audio,

by providing a submenu associated with dem € by inveking a particular mode of operation,
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and/or by otherwise porforming functions associated with selecied vern O,

{63431 Anpother iHustrative way in which a user may select an item of inferest tnvoives
dwelling ther gaze on a particular real-world object 52 for more than a predetermined time.
Device 16 can then use pattern recognition {0 process image data associated with the object and
car highlight the object, provide additional information {andio ontput and/or video output
associated with the object being viewed, etc.), and/or take other actions. Device 10 may, if
desired, access an online database of real-world objects 52 and may use satellile navigation
system circuifry, orientation sensor data {e.g., orientation information from an inertial
measurement unit indicating which divection device 10 s facing), and/or other supplemental
formation in addition to gare fracking measurements to determine which object 52 15 curvently
being viewed by user.

{80421 As this example. demonstrates, i roay be desirable to be able to track the pset’s gaze, so
that device 10 can provide the user with gare-velated services. In some situations, i wmay be

particularly desirable to track the user’s gaze with as much accuracy as possible given the

resgurces available in device 1 {e.g., when the battery of device 10 is fully charged, when
device 10 is connected to a wired power source, when particular content 1s being displayed for a
user, when the user 1s playing a video game or otherwise mteracting with confent in a way that
benefits from gaze tracking of enhanced accuracy. and/for in other scenarios). In other situations,
e.g., when a user 18 casually walking outdoors and is not actively interacting with device 1,
fower resolution and lower power modes of operation may be desivable. To accommuodate these
potentially diverse situations, device 10 may operate in g first maode in which only low-power
gaze tracking operations are used or a second mode in which higher-power and potentially more
accurate gaze tracking operations are used.

(63431 FIGS. 4 and 5 chow illustrative gare tracking compounents that may be used in device 10
to track the user’s gaze.

18044]  In the example of FIG. 4, components 40 1nclade ight-emutiing devices 40K and camnera
46C and form a glint-based gaze tracking system. Components 40 may operate at visible and/or
infrared wavelengths fe.g.. components 40 may emit and detect infrared light having a

wavelength of at least 850 nm, 870 nm, 856-1000 nim, at least 860 nm, at least 900 nm, less than
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1400 nom, less than 1200 v, less than 1100 nm, less than 1000 v, less than 950 v, 940 nm,
less than 930 nm, S00- 1000 nm, ot

{8451 Light-emiiting devices 40E may be laser diodes, hight-emitting diodes, and/or other
light sources. These light-emitting devices may emit beams of light such as light beams 70 that
form a pattern of eye glints when retiected from the surface of the user’s eyve 42, The patiern of
glints on eve 42 may be measured by capturing an infrared image of eve 42 using infrared
camera 40C. Eye 42 has a non-spherical asymmetric shape and includes pupil 42P and in1s 421
surrounded by sclera 428, Ac a result of the aspherical shape of the eve, the shape of the glint

>

pattern is distorted by the shape of the eve and relates to the divection in which the user’s eve is

o

o

oriented. The ghint pattern detected by camera 40C can therefore be analyzed by control
circuitry 12 to measure the user’s gaze.

{88461 In the example of FIG. 5, some of the power-consuming circuitry of FIG. 4 such as
caimera 400 need not be used and can be tnned off, therelore allowing {or a potentially lower
power of operation. As shown in FIG. 5, a low-power gaze tracking system for device 10 may,
as an example, wclade Hight detectors 40D, Hach detector 4013 may have an associated
photadetector 40P {e.g., g photodiode) and an associated lens 404 that 1s used (o concentrate the
sensitivity of detector 40D 1o measuring 1ocoming hight onio an area on the surface of eye 42
{.g.. by collimating hight). The low-power gaze tracking system of FI{3. 5 may have light-
emitting devices 40EH. Some or all of light-omitting devices 40E for the low-power gaze tracking
systent may be used in producing glints for the ghint-based gaze tracking system of FIG. 4 {e.g..
some or all of devices 40E may be the same for both the ghint-based and low-power systems).
As deseribed i connection with FiG. 4, light-emitting devices 40E may operate at infrared
wavelengths (as an example). Detectors 400 may be sensitive o light at the wavelength(s)
emitled by devices 40,

{64471 During operation of the low-power gaze tracking system made up of components 40 of
FI1G. 5, each hight-emiting device 40E emits Hght (see, e.g., Hght bearas 70). Light beams 70
refiect from the surface of eve 42, In an iHustrative configuration each light beam 70 that is
ervitied by a given one of light-eroitiing devices 40 1s detected by a respective adjacent one of

light detectors 40D, Different portions of eye 42 have different reflectivities. For example, a
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greater fraction of each Light bearn 70 will reflect off of sclera than off of pupit 42P or s 421
By measuring the magnitude of each of refiected light beams 70, detectors 40 can determine
whether each light beam bas reflected from a less reflective area such as pupil 42F or iris 421 or
from a more reflective portion of the user’s eve {sclera 4255 and can measure the user’s gare. I
for exarnple, a given Hght-emitting device 40 cmils a bearn of light 70 that refiects from pupil
42F to an adjacent light detector 4013, i can be concluded that pupnl 42F s oriented towards the
given Hight-cmitting device 408, If the emitted beam of fight 70 instead reflects from sclera 428,
device 10 can conclude that the user’s gaze is directed away from that beam of Hight. The
operation of Hight detectors 401 may consume loss power than the operations of components
such as camera 40C in the ghint-based gaze tracking system of FIG. 4, 30 gaze tracking systems
such as the illustrative gaze tracking system of FIG. 5 may sometimes be referred to as low-
power gaze tracking systems or non-ghini-based gare fracking systems.

{0848 H desired, gare system components 40 may include optical filters {e.g., bandpass
filters). For example, camera 40C of FIG. 4 may include a lens, an infrared Image sensor, and a
bandpass filier interposed between the lens and the infrared image sensor, The bandpass filter
may block visible Hight and infrared light other thun the wavelength(s) of infrared light being
cmitted by hght-emutting devices 40, Detectors 40D of FIG. § may also be provided with
bandpass filter if desired. As shown in FI(. 6, as an example, each light detector 40D may
include aninfrared-sensitive photodetecior such as photodetector 40P, an associated lens soach as
icns 401 {e.g., one or more refractive lens elements or other lens structures that help
directionalize the sensitivity of detector 40D, and an interposed light filter 40F {e.z., a bandpass
fitter that blocks visible light and infrared light other than infrared light at the wavelength(s}
being emitted by light-emitting devices 40E). The inclusion of bandpass f{illers in gaze tracking
system components 44 such as these may help prevent ambient light interference and other hight
interforence during operation of the gaze tracking systems.

18481 W desired, portions of support structore 26 may be vsed in formiog light fllering and
lens structures. These structures may be. for example, formed as integral portions of housing
walls andfor as separate structores that are attached to a housing woember. Consider, as an

»a
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example, the arrangement of FIG. 7, which incindes a side view of device 18, As shown in FiG.



7, device 10 may inchide a support structure {(structure 26) with an elongated side portion 26T
{e.g., a portion that fits aronnd a user’s ear) attached to main portion 26M by hinge 20H. Main
portion 26M ray include an outwardly {acing front wall 26MV and an inwardly facing Grear
facing) rear wall 26MR. Lenses 46 {not shown in FIG. 7 may be supported by stracture 26 so
that fenses 46 overlap respective eve boxes 30, At the same time, structure 26 may support gare
tracking system components 40 1n a first ving that surrownds the oser’s left eyve and left eve box
and a second ring that surrounds the user’s right ove and right eye box.

{68381 The matenal that {ors portion 26M may inclade polymer, metal, other materials, one
or more lavers of one or more of these materials, and/or other suttable materials. As an example,
the matenial of portion 26M may contain dyes, prgments, and/or thin-flm interference stroctures
that allow portion 26M 1o pass infrared light at the wavelength emitied by light-enmitting devices
40H and detected by cameras 400 and hight detectors 40D, while blocking other mfrared light
and blocking visible Light, Visible-light-blocking-and-intrared-Hight-transmitting material for a
pair of glasses frames may, for example, form housing wall structures such as rear wall 26MR of
FIGL. 7 {and, if desived, other parts of portion 26M). In this way, bandpass filters for components
40 may be formed by portion 26M {e.g., wall 26ME, eic.).

{888 Lenses such as iHlustrative lenses 406 and 408 of FIG. 7 way also be formed as
integral portions of portion 26M {e.g., these structures may be molded into rear wall 26MR or
otherwise meorporated indo portion 26M ). Lenses such as lens 406 of FIG. 7 may help
concentraie the sensitivity of photodetector 40F in a particular divection {¢.g., a direction oriented
at a portion of eye 42 in eye box 30}, Lenses such gs lens 40E” may optionaily be used to focus
light beams 70 onto gye 42, Lenses and other optical structures such as curved reflectors may

also be incorporated into a hight-cmitting diode package, @ laser package, or other package for

light-emitting device 40K,

[GG52]  With configurations of the type shown in FIG. 7, the presence of visible-light-blocking-
and-infraved-light-iravsmitting material between components 40 and eve 42 helps hide
components 40 from view by a user, thereby enhancing the appearance of device 16, I desired,
components 440 roay be mounted on an inner sorface of structure 26 andfor may otherwise be

-

incorporated into device 10, The configuration of FIG. 7 1 Hustrative,
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(G853 FIG. Bis a diagram showing operations invelved i using device 10, In the ilustrative
example of FI{s. 8, device 10 has both a low-power gaze tracking system {e.g., a system with
hight-emutting devices 40F and detectors 4003} tor gathering gaze tracking information and has an
image-sensor gaze tracking system {e.g., a glint-based gaze fracker hiaving an image sensor and
an infrared iHomination system formed fromn light-critting devices 40E). The glint-based

sysiem may consume more power than the low-powered system due o the presence of
components such as carnera 40D, To conserve power, i may sometimes be desired {o turn off
the glint-based system in favor of the low-powered system.

{B834]  As an cxample, during the operations of block 80, device 1} may use the low-powered
gare tracking systern in device 10 1o gather measurerments on the user’s gaze while the ghing-
based gaze tracking is turned off to conserve power. The gaze information gathered during block
30 may wtorm device 10 of the divection of the user’s view and/or may serve as user input {e.g.,
a user may select an option displayed by display 14 by dwelling the user’s gaze on that displayed
option for more than a predetermined time and/or the user’s gave may be used as pointing input
that is combined with a voice command or other input to select an option).

[O655]  lnformation on the current focus of a user’s visual atiention may be used by device 10
o provide context that device 10 uses in providing onipot to a wser. I as an example, 3 user is
traveling along a street and is viewing a particular olyect, device 10 can use speakers. a display,
haptic oniput devices, or other output devices (o provide the user with information about the
object {¢.g., device 10 may provide the name of the object and other information about the
object, may present selectable options associated with the object, ete. using visual cutput, audible
ouiput,, and/or haptic output).

[8436] Device 10 can determine which obpects are located in the vicinity of the user using an
online database of oljects {e.g.. object identities and object locations) and/or using image
recognition technigues. Device 10 can identify which object tnn the user’s environment is being
ohserved by the user using 1) information on the user’s present geographic location gathered
from a geographic location sensor such as a satelite navigation system sensor, 2} information on
the orientation of device 10 relative to the environment from an orlentation sensor such as an

inertial measurement unit and/or other orientation sensor, and/or 31 information on the user’s



gare {e.g. the divection in which the wser’s eyes are oriented velative to device 10}, For cxample,
device 10 can compare the user’s direction of view {gare direction gathered using the low-power
gaze tracking system} to a map of the user’s surronndings to determine which object s curvently
being viewed by the user. Information on an environmental object of interest (2.g.. an object
currently being viewed) may be retrieved wirclessly by device 10 from the on-line database and
preseied to the user. This information may include a visual label or other computer-generated
content that is overlaid on the real-world 1moage, an audible description, a visual or audio
selectable option such as a selectable button presented by display 14 that a user may gaze at or
otherwise select to divect device 10 to take further action. fn some arrangements, virtual content
such as the menu associated with computer-generated image 54 of PIG. 3 may be presented (e.g.,
to provide the user with options that can be selected using gare gestures and/or other user input).
TBG57]  In configurations o which device 10 contains only a low-power gaze tracking system
and no supplemental ghint-based gaze tracking system or other gaze tracking systems based on
image sensors, device U may continually perform the operations of block 83, In configurations
in which device 1{ contains an image-sensor-based gaze tracking system such as a glint-based

gaze tracking systent in addition o a low-power gaze tracking system, operations may, upon
satisfaction of appropriate mode fransition oriteria, trapsition (o the operations of hlock 82 in
which the ghint-based gare fracking system is activated. Any suitable conditions may be used to
irigger transition between blocks 80 and 82, For example, becanse Jess power may be used in
monitoring a user’s eves during block &0 {when only photodetector signals of light beam
reficctions fromn the oyes are gathered) than is used during the operations of biock 82, device 10
may default to operation i block 80 whenever device 10 can operate satisfactonly without using
the capabilities of a glint-based gare tfracking system. When one or more capabilities of the gaze
tracking system are determined o be usefad {e.g., when gare tracking with enhanced angular
accuracy and/or response time are desired, when biometric wdentification operations such as iris
scanning andfor refinal scanning operations that can be perforroed by camera 400 are desired,
eic.}, device 14} can transition to the operations of block &2.

[G438]  Duoring the operations of block 82, the glint-based gare tracking system may replace the

operations of the low-power gaze tracking syslem and/or may supplement the operations of the
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low-power gaee tracking system. Gaze tracking information frov one or both racking systerns
may. for example, be used to gather user input, to determing where in a scene the user’s visual
atiention is directed {e.g., to provide device 10 with context), may be used to supply a toveated
rendering display system with information on the user’s direction of gaze, may be used o
determine where to display computer-generated content on display 14 for viewing by a user,
ete. .

JO6581  As described above, one aspect of the present technology is the gathering and use of
information such as information from input-ouiput devices. The present disclosure contemplates
that 1o some instances, data may be gathered that includes personal information data that
antquely wdentifies or can be used (o contact oy locate a specilic person. Such personal
information data can include demographic data, location-based data, telephone numbers, email
addresses, twitter H)'s, home addresses, data or records relating 1o a user’s health or level of
fitness {e.g.. vital signs measurements, medication information, exercise information), date of
birth, username, password, biometric information, or any other identifying or personal
information.

188687 The present disclosure recogrizes that the use of such personal information. in the
present technology, can be used o the benelit of nsers. For example. the personal information
data can be used fo deliver targeted content that is of greater interest to the user. Accordingly,
use of such personal inforroation data enables users to caleulated control of the delivered content.
Further, other uses for personal information data that benefit the user are also contemplated by
the present disclosure. For instance, health and fitaess data may be used (o provide tnsights into
a user’s general wellness, or may be wsed as positive feedback to individoals using technology to
pursue wellness goals.

{663]  The present disclosure contemplates that the entities responsible for the collection,
analysis, disclosure, transfer, storage, or other use of such personal information data will comply
with wel-established privacy policies and/or privacy practices. In particular, such entifies
should implement and consisiently use privacy policies and practices that are generally
recognired as meating or exceeding industvy or governmental requirernents for maintaining

personal information data private and secure. Such policies should be easily accessible by users,
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and should be updated as the collection andfor use of data changes. Personal information from
users should be collected for legitimate and reasonable uses of the entity and not shared or sold
outside of those legitimate uses, Further, such collection/sharing should ocour after receiving the
informed consent of the users. Additionally, such entities should consider taking any needed
steps for safeguarding and securing access to such personal information data and ensuring that
others with access to the personal information data adbere to their privacy pohcies and
procedures. Forther, such entities can subject themselves to evaluation by third parties o certify
their adherence to widely accepted privacy policies and practices. In addition, policies and
practices should be adapted for the particular types of personal information data being coliccted
and/or accessed and adapted to apphicable laws and standards, wclading jurisdiction-specific
considerations. For instance, in the United States, collection of or access to certain health data
roay he governed by federal and/or state laws, such as the Health Insurance Portability and
Accountability Act (HIPAA), whereas health data in other countries may be subject to other
reguiations and policies and should be handled accordingly. Hence different privacy practices
should be maintained for different personal data types i each country,

166621 Despite the foregoing, the present disclosure also contemplates embodiments in which
users selectively block the use of, or access to, personal information data. That 13, the present
disciosure contemplates that hardware and/or software elements can be provided to prevent or
black access to such personal information data. For example, the present technology canbe
configured to allow users {o select to "opt in” or "opt out” of participation in the collection of
personal information data during registration {or services or anyiime thereafter. In another
example, users can select not to provide certain types of aser data. In vet another example, users
can select to Hmut the length of time user-specific data s maintained. In addition o providing
“optin” and “opt out” options, the present disclosure conteruplates providing vonlications
relating to the access or use of personal information. For instance, a user may be notified upon
downloading an application (Mapp”) that their personal information data will be accessed and
then renyinded again just before personal information data is accessed by the app.

(64631 Moreover, U 1s the intent of the present disclosnre that personal information data shonld

be managed and handled in a way to minimize risks of enintentional or wnauthorized access or



pse. Risk can be mummized by hmiting the collection of data and deleting data once i is no
ionger needed. In addition, and when apphicable. inchuding in certain health related applications,
data de-wdentification can be used o profect a user’s puivacy, De-identilication may be
facilitated, when appropriate, by removing specific identifiers {e.g., date of birth, eic.),
controiling the amount or specificity of data stored {e.g., collecting location data at a city level
rather than at an address level), controlling how data is stored (e.g., aggregating data across
users), and/or other methods.

{38641 Therefore, although the present disclosure broadly covers use of information that may
inclede personal information data to implement one or more various disclosed embodiments, the
present disclosure also conpternplates that the various erobodirnents can also be implemented
without the need for accessing persenal information data. That iy, the various embodiments of
the present technelogy ave not rendered moperable doe to the lack of all or 2 portion of such
personal information data.

[84635] Physical environment: A physical environment refers o a physical waorld that people
can sense andfor interact with without aid of electronic systems. Physical environments, such as
a physical park, include physical articles, such as physical trees, physical buildings, and physical
people. People can divecty seunse andfor inderact with the physical eovironment, such as through
sight. touch, hearing, taste, and smell.

{80661 Computer-generated veality: in contrast, a compuier-generated reality {CGR)
envivonment refers to a wholly or partiaily simulated environment that people sense and/or
interact with via an electronic system. In CGR, a subset of a person’s physical motions, or
vepresentations thereot, are fracked, and, 1o response, one or more chavacteristics of one or more
virtual objects simnulated in the COR environment are adjonsted in a manner that comports with at
icast one law of physics. Forexample, a CGR system may detect a person’s head turning and, 1o
response, adjust graphical content and an acoustic ficld presented o the person in a manner
siimilar to how such views and sounds would change in a physical envirooroent. In some
situations {e.g., for accessibility reasons), adjustments to characteristic(s) of virtual object(s) in a
COR epvironroent roay be made 1o respoose {0 represenfations of physical motions (e.g., vocal

commands). A person may sense and/or inferact with a CGR object using any one of thew
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senses, including sight, sound, touch, taste, and smell. For example, a person may sense and/or
interact with andio objects that create 303 or spatial andio environment that provides the
perception of pownt audio sources 1n 3D space. In another example, audio objects may enable
audio transparency, which selectively incorporates ambient sounds from the physical
environment with or withowt computer-generated sudio. In some COR environments, a person
may sense andfor interact only with audio objects. Hxamples of CGR include virtual reality and
mnixed reality.

{08671 Virtwal reality: A vivtual veality (VR} environment vefers to a simulated environment
that is designed to be based entirely on computer-generated sensory inputs for one or more
senses. A VR environmend comprises a plurality of virtual objects with which a person may
sense and/or interact. For example, computer-generated imagery of frees, butldings, and avatars
representing people are examples of virtual objects. A person may scose and/or mteract with
virtual objects in the VR envivonment through a stmulation of the person’s presence within the
computer-generated enviromment, and/or through s simulation of a subset of the person’s
physical movements within the computer-generated environment.

[0068]  Mixed reality: In contrast to a VR environment, which is designed to be based entirely
on computer-generated sensory inputs, a mixed reabity (MR} environment refers to a simulated
environment that is designed to incorporate sensory inpuis from the physical environment, or a
representation thereof, i addition to inclading computer-generated sensory inputs {e.g., virtual
objects}. Un a virfuality continunm, a mixed reality environment is anywhere between, but not
mclnding, a wholly physical environment at one end and virtual reality environment at the other
end. Io some MR environments, compuler-generated sensory tnputs may respond {o changes in
sensory inputs from the physical envivonment, Also, some electronic systerns for presenting an
MR environment may frack location and/or orientation with respect to the physical environment
to enable virtual objects to inferact with real objects {that is, physical articles from the physical
environroent or representations thereot). For example, a systern may accounnt for movements s0
that a virtual tree appears stationery with respect to the physical ground. Examples of mixed
reahities inchude angmented reality and avgmented vivtwality, Augmented reality: an augmented

reality (AR} environment refers to a simulated environment in which one or more virtual objects
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are superimposed over a physical envivonment, or a representation thereot, For example, an
electronic system for presenting an AR environment may have a transparent or transiucent
display through which a person woay divectly view the physical environment. The system may be
configured to present virtual obyjects on the transparent or transiucent display, so that a person,
asing the system, perceives the virtual objects superimoposed over the physical environment.
Alternatively, a system may have an opaque display and one or more imaging sensors that
capture images or video of the physical environment, which are representations of the physical
suvirgnment. The sysiem compaosiles the images or video with virtual objects, and presents the
composition on the opaque display. A person, using the system, indirectly views the physical
environment by way of the images or video of the physical envivonment, and percetves the
virtnal objects superimposed over the physical environment. As used herein, a video of the
physical environment shown on an opagque display s called “pass-through video,” meaning a
systeim Uses one or more image sensor{s} to caphire images of the physical envirgument, and
nses those images in presenting the AR environment on the opague display. Further
alternatively, a system may have a projection system that projects virtual objects into the
physical environment, for example, as a hologram or on a physical surface, so that a person,
using the svstem, perceives the virtual objects supenimposed over the physical environment. An
augmenied reality environment also refers to a simulated environment 1o which a representation
of a physical environment is transformed by computer-generated sensory information. For
example, in providing pass-through video, a system may transform one or more sensor inages to
impose a select perspective {e.g., viewpoint) different than the perspective captured by the
imaging sensors. As another example, a representation of a physical environment may be
transformed by graphically modifying (e.g., enlarging) portions thereof, such that the moditied
portion may be representative but not photorealistic versions of the originally captured images.
As a further example, a representation of a physical environment may be transformed by
graphically eliminating or obfuscating portions thereot, Augmented virtuality: an augmented
virtuality {AV) environment refers to a simulated environment tn which a virtual or computer
generated environment incorporates one of more sensory mpots from the physical environment.

The seusory inpuots may be representations of one or more characteristics of the physical
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environment. For example, an AV park roay have virtual trees and virtual buddings, but people
with faces photorealistically reproduced from tmages taken of physical people. As another
example, a virtual object may adopt a shape or color of a physical article 1maged by one or more
imaging scnsors. Ag a further example, a virtual object may adopt shadows consistent with the
position of the sun in the physical environment.

{3669] Hardware: there are many different types of electronie systems that enable a person o
sense and/or interact with various CGR environments. Examples include head mounted systems,
projection-based svstems, heads-up displays (HUDs), vehicle windshields having tntegrated
display capability, windows having integrated display capability, displays formed as lenses
designed to be placed on a porson’s eyes (e.g., sirnilar to contact lenses), headphones/earphones,
speaker arrays, input systems {¢.g., wearable or handheld contrellers with or without haptic
feedback), smartphones, tablets, and desktopflaptop computers. A head yoounted systerm may
have one or more speaker(s) and an integraled opague display. Aliernatively, a bead miounied
sysiern may be configured to accept an external opague display {¢.g., g smartphone). The head
mounted system may incorporate one or MOore HNAZIng sensors (o capture images of video of the
physical environmert, and/or one or more microphones to capture andio of the physical
environroent. Rather than an opagoe display, a head mounted system roay have a fransparent or
transiucent display. The transparent or translucent display may have a medinm through which
hight representative of images 1s divected (o a person’s eyes. The display may utilize digital light
projection, OLEDs, LEDs, nL EDs, hiquid crystal on silicon, laser scanning light sources, or any
combination of these technologies. The medium may be an optical waveguide, a hologram
medium, an optical combiner, an optical reflector, or any combination thereof. In one
embodiment, the transparent or franslucent display may be configured to become opague
selectively. Projection-based systenms may employ retinal projection technology that projects
graphical images onto a person’s retina. Projection systems also may be configured to project
virtual objects into the physical environroent, {ov example, as a holograrg or on a physical
surface.

[G078]  The foregoing 1s merely tustrative and varions modifications can be made (o the

described embodiments. The {oregoing embodiments may be implemented individoally orin



any cormbination.
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