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MAPPING NETWORKED DEVICES

TECHNICAL FIELD
[0001] The present disclosure generally relates to mapping networked devices for controlling
and interacting with the networked devices. For example, aspects of the present disclosure
relate to using extended reality systems to localize and map networked devices to control and

interact with the networked devices.

BACKGROUND
[0002] Extended reality (e.g., augmented reality, virtual reality, etc.) devices, such as smart
glasses and head-mounted displays (HMDs), generally implement cameras and sensors to track
the position of the extended reality (XR) device and other objects within the physical
environment. The XR reality devices can use the tracking information to provide a user of the
XR device arealistic XR experience. For example, an XR device can allow a user to experience
or interact with immersive virtual environments or content. To provide realistic XR
experiences, XR technologies can integrate virtual content with the physical world, which can
involve matching the relative pose and movement of objects and devices. The XR technologies
can use tracking information to calculate the relative pose of devices, objects, and/or maps of
the real-world environment in order to match the relative position and movement of the devices,
objects, and/or the real-world environment, and anchor content to the real-world environment
in a convincing manner. The relative pose information can be used to match virtual content
with the user’s perceived motion and the spatio-temporal state of the devices, objects, and real-

world environment.

[0003] Some electronic devices, such as XR devices and other electronic devices (e.g.,
mobile phones, tablet computers, etc.), can be paired with other devices to interact with the
other devices. For example, electronic devices can be paired with networked devices such as
Internet-of-Things (IoT), connected, or smart-home devices (e.g., smart cameras, speakers,
light bulbs, locks, plugs, thermostats, displays, televisions, security systems, appliances, etc.),
to control the networked devices. Typically, the process to configure an electronic device to
control a networked device or other electronic device can be difficult and generally involves

time-consuming manual efforts.
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BRIEF SUMMARY
[0004] Systems and techniques are described herein for localizing and mapping one or more
devices such as networked devices (e.g., Internet-of-Things (IoT), connected or smart devices,
etc.). According to at least one example, a method is provided for mapping networked devices
to control the networked devices using an electronic device such as an extended reality (XR)
device. The method can include receiving an identification output from a connected device that
is coupled to an electronic device; and based on the identification output from the connected

device, mapping the connected device in a coordinate system of the electronic device.

[0005] According to at least one example, a non-transitory computer-readable medium is
provided for mapping networked devices to control the networked devices using an electronic
device such as an XR device. In some examples, the non-transitory computer-readable medium
can include instructions which, when executed by one or more processors, cause the one or
more processors to receive an identification output from a connected device that is coupled to
an electronic device; and based on the identification output from the connected device, map the

connected device in a coordinate system of the electronic device.

[0006] According to at least one example, an apparatus is provided for mapping networked
devices to control the networked devices using an electronic device such as an XR device. In
some examples, the apparatus can include memory and one or more processors coupled to the
memory, the one or more processors being configured to receive an identification output from
a connected device that is coupled to an electronic device; and based on the identification
output from the connected device, map the connected device in a coordinate system of the

electronic device.

[0007] According to at least one example, another apparatus is provided for mapping
networked devices to control the networked devices using an electronic device such as an XR
device. In some examples, the apparatus can include means for receiving an identification
output from a connected device that is coupled to an electronic device; and based on the
identification output from the connected device, mapping the connected device in a coordinate

system of the electronic device.

[0008] In some aspects, the method, non-transitory computer-readable medium, and

apparatuses can include determining a location of the connected device based on the
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identification output; and based on the location of the connected device, mapping the connected

device in the coordinate system of the electronic device.

[0009] In some examples, the identification output can include at least one of an audio

pattern, a display pattern, a light pattern, and a radio signal.

[0010] In some aspects, the method, non-transitory computer-readable medium, and
apparatuses can include sending, to the connected device, a signal configured to trigger an
additional identification output from the connected device; based on a failure to receive the
additional identification output, sending, to the connected device, one or more additional
signals at one or more different times, the one or more additional signals being configured to
trigger the additional identification output from the connected device; receiving the additional
identification output from the connected device; and determining a location of the connected
device based on the additional identification output. In some examples, mapping the connected
device in the coordinate system of the electronic device can include updating a device map to

associate the connected device with the location of the connected device.

[0011] In some examples, sending the one or more additional signals at one or more different times
can include determining the failure to receive the additional identification output while at least
one of the electronic device is within a threshold proximity to a mapped location of the
connected device and the mapped location of the connected device is within a field-of-view of
an image sensor of the electronic device; and sending the one or more additional signals to the

connected device based on the failure to receive the additional identification output.

[0012] In some examples, sending the one or more additional signals at one or more different times
can include sending the one or more additional signals periodically until at least one of a predetermined
amount of time lapses without receiving the additional identification output from the connected device
and a number of additional signals is sent without receiving the additional identification output from

the connected device.

[0013] In some examples, receiving the identification output from the connected device can include
detecting one or more patterns in the identification output based on data from one or more sensors of
the electronic device; and recognizing the one or more patterns as the identification output from the

connected device.
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[0014] In some cases, the one or more patterns can include an audio pattern and the one or more
sensors can include an audio sensor. In some cases, the one or more patterns can include a display
pattern and the one or more sensors can include an image sensor. In some cases, the one or more patterns

can include a light pattern and the one or more sensors can include a light sensor.

[0015] In some aspects, recognizing the one or more patterns as the identification output from the
connected device can include recognizing the one or more patterns as the identification output using at

least one of a neural network and feature matching.

[0016] In some aspects, the method, non-transitory computer-readable medium, and apparatuses can
include receiving a request to trigger an action by the connected device; identifying a location of the
connected device based on the mapping of the connected device; and sending, to the connected device,

a command configured to trigger the action by the connected device.

[0017] In some cases, the request to trigger the action by the connected device can include a request
to send to the electronic device a video feed captured by the connected device. In some examples, the
method, non-transitory computer-readable medium, and apparatuses can include sending the command
to the connected device, wherein the command is configured to trigger the connected device to send the
video feed to the electronic device; receiving the video feed from the connected device; and displaying

the video feed at the electronic device.

[0018] In some examples, the request to trigger the action by the connected device can include a
request to trigger the connected device to display content from the electronic device, and sending the
command to the connected device can include sending, to the connected device, data including the
command and the content from the electronic device. In some examples, the command is configured to

trigger the connected device to display the content from the electronic device.

[0019] In some examples, the request to trigger the action by the connected device can include a
request to adjust a power mode of the connected device, and the command is configured to adjust the

power mode of the connected device.

[0020] In some cases, the connected device can include a light bulb, the request to trigger the action
by the connected device can include a request to adjust at least one of a brightness and a color of light
emitted by the light bulb, and the command is configured to trigger the light bulb to adjust at least one
of the brightness and the color of light emitted by the light bulb.

[0021] In some aspects, the method, non-transitory computer-readable medium, and apparatuses can

include detecting a gesture by a user associated with the electronic device, the gesture indicating a
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location of the connected device; based on the gesture, triggering one or more identification outputs
from one or more connected devices in a physical environment; receiving a particular identification
output from the one or more identification outputs, the particular identification output originating from
the location; and determining, based on the particular identification output, that the connected device is
located at the location. In some examples, mapping the connected device in the coordinate system of
the electronic device can include updating a device map to associate the connected device with the

location of the connected device.

[0022] In some aspects, the method, non-transitory computer-readable medium, and apparatuses can
include receiving a voice command by a user associated with the electronic device, the voice command
indicating a location of the connected device; based on the voice command, triggering one or more
identification outputs from one or more connected devices in a physical environment; receiving a
particular identification output from the one or more identification outputs, the particular identification
output originating from the location; and determining, based on the particular identification output, that

the connected device is located at the location.

[0023] In some aspects, the method, non-transitory computer-readable medium, and apparatuses can
include triggering one or more connected devices to enter a mapping mode; sending, to the one or more
connected devices, a device identification output; receive localization information from the one or more
connected devices, the localization information indicating a location of the one or more connected
devices relative to the electronic device; and based on the localization information from the one or more
connected devices, mapping the one or more connected devices in the coordinate system of the

electronic device.

[0024] In some aspects, the method, non-transitory computer-readable medium, and apparatuses can
include triggering one or more connected devices to enter a mapping mode; receiving localization
information from the one or more connected devices, the localization information indicating a first
location of a landmark relative to the one or more connected devices; determining a second location of
the one or more connected devices based on the localization information and a third location of the
landmark relative to the electronic device; and mapping the one or more connected devices in the
coordinate system of the electronic device based on the second location of the one or more connected

devices.

[0025] In some examples, the identification output can include a light pattern, and the light pattern

can include at least one of a pattern of light dimming and brightening levels emitted by the electronic
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device, a pattern of color temperature changes of light emitted by the electronic device, and a sequence

of blinking light emitted by the electronic device.

[0026] In some examples, the identification output can include a display pattern, and the
display pattern can include at least one of a code displayed on a display device of the electronic
device, an image displayed on the display device of the electronic device, a visual pattern
displayed on the display device of the electronic device, and a digital object displayed on the

display device of the electronic device.

[0027] 1In some examples, the identification output can include an audio pattern, and the
audio pattern can include at least one of an audio code output by the electronic device and a

sequence of sounds output by the electronic device.

[0028] In some aspects, the method, non-transitory computer-readable medium, and apparatuses can
include sending, to the connected device, a signal configured to trigger the identification output

from the connected device; and receiving the identification output from the connected device.

[0029] In some cases, receiving the identification output can include receiving one or more
identification outputs from a plurality of identification outputs broadcasted by the connected

device, the one or more identification outputs including the identification output.

[0030] In some cases, the connected device is at least one of a light bulb, a speaker, a

television, a microphone, one or more sensors, a camera, a thermostat, and a wearable device.
[0031] In some examples, the identification output can include a received radio signal.

[0032] In some aspects, each of the apparatuses described above is, can be part of, or can
include a networked device and/or an XR device (e.g., a virtual reality (VR) device, an
augmented reality (AR) device, or a mixed reality (MR) device). In some examples, the
apparatuses can include or be part of a vehicle, a mobile device (e.g., a mobile telephone or so-
called “‘smart phone” or other mobile device), a wearable device, a personal computer, a laptop
computer, a tablet computer, a server computer, a robotics device or system, an aviation system,
or other device. In some aspects, the apparatus includes an image sensor (e.g., a camera) or
multiple image sensors (e.g., multiple cameras) for capturing one or more images. In some
aspects, the apparatus includes one or more displays for displaying one or more images,

notifications, and/or other displayable data. In some aspects, the apparatus includes one or more
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speakers, one or more light-emitting devices, and/or one or more microphones. In some aspects,
the apparatuses described above can include one or more sensors. In some cases, the one or
more sensors can be used for determining a location of the apparatuses, a state of the
apparatuses (e.g., a tracking state, an operating state, a temperature, a humidity level, and/or

other state), and/or for other purposes.

[0033] This summary is not intended to identify key or essential features of the claimed
subject matter, nor is it intended to be used in isolation to determine the scope of the claimed
subject matter. The subject matter should be understood by reference to appropriate portions

of the entire specification of this patent, any or all drawings, and each claim.

[0034] The foregoing, together with other features and embodiments, will become more

apparent upon referring to the following specification, claims, and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035] Tllustrative examples of the present application are described in detail below with

reference to the following figures:

[0036] FIG. 1 is a diagram illustrating an example of an extended reality system used to
localize, map, and/or control a computing device, in accordance with some examples of the

present disclosure;

[0037] FIG. 2 is a diagram illustrating an example system for localizing and mapping a

computing device, in accordance with some examples of the present disclosure;

[0038] FIG. 3 is a diagram illustrating an example process for visual feature matching to
detect a visual pattern in an identification output from the computing device, in accordance

with some examples of the present disclosure;

[0039] FIG. 4 is a diagram illustrating an example system for localizing a computing device

based on a user gesture, in accordance with some examples of the present disclosure;

[0040] FIG. 5 is a diagram illustrating an example localization by an extended reality device

using other computing devices, in accordance with some examples of the present disclosure;

[0041] FIG. 6 is a diagram illustrating an example joint localization by devices based on a

common landmark, in accordance with some examples of the present disclosure;

7
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[0042] FIG. 7 is a diagram illustrating an example use case for controlling a computing
device using an extended reality device, in accordance with some examples of the present

disclosure;

[0043] FIG. 8 is a flowchart illustrating an example process for localizing and mapping a

connected device, in accordance with some examples of the present disclosure; and

[0044] FIG. 9illustrates an example computing device architecture, in accordance with some

examples of the present disclosure.

DETAILED DESCRIPTION
[0045] Certain aspects and embodiments of this disclosure are provided below. Some of
these aspects and embodiments may be applied independently and some of them may be
applied in combination as would be apparent to those of skill in the art. In the following
description, for the purposes of explanation, specific details are set forth in order to provide a
thorough understanding of embodiments of the application. However, it will be apparent that
various embodiments may be practiced without these specific details. The figures and

description are not intended to be restrictive.

[0046] The ensuing description provides example embodiments only, and is not intended to
limit the scope, applicability, or configuration of the disclosure. Rather, the ensuing description
of the exemplary embodiments will provide those skilled in the art with an enabling description
for implementing an exemplary embodiment. It should be understood that various changes may
be made in the function and arrangement of elements without departing from the spirit and

scope of the application as set forth in the appended claims.

[0047] As previously explained, extended reality (e.g., augmented reality, virtual reality,
etc.) devices, such as smart glasses and head-mounted displays (HMDs), can implement
cameras and a variety of sensors to track the position of the extended reality (XR) device and
other objects within the physical environment. The XR devices can use such tracking
information to provide a user of the XR device a realistic XR experience. For example, an XR
device can allow a user to experience or interact with immersive virtual environments or
content. To provide realistic XR experiences, XR technologies generally aim to integrate

virtual content with the physical world. In some examples, XR technologies involve matching
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the relative pose and movement of objects and devices. For example, an XR device can use
tracking information to calculate the relative pose of devices, objects, and/or generate maps of
the real-world environment in order to match the relative position and movement of the devices,
objects, and/or the real-world environment. Using the pose and/or movement of one or more
devices, objects, and/or the real-world environment, the XR device can anchor content to the
real-world environment in a convincing manner and/or enable interactions with the real-world
environment. The relative pose information can be used to match virtual content with the user’s
perceived motion and the spatio-temporal state of the devices, objects, and real-world
environment, and can support XR experiences and interactions with the real-world

environment.

[0048] In some examples, an electronic device, such as an XR device or other electronic
device (e.g., mobile phone, smart wearable device, tablet computer, laptop computer, etc.), can
be paired with a different device such as a networked device (e.g., an Internet-of-Things (IoT)
or connected device such as a smart hub, lightbulb, speaker, camera, doorbell, security system,
lock, plug, switch, thermostat, alarm system, television, appliance, etc.). For example, a user
can configure an XR device to control a networked speaker, a networked light, networked
appliance, or other smart/connected device in a room. To illustrate, in the example of a
networked light, the user can conveniently control the networked light through the XR device
rather than using a light switch to turn on or off the light. However, the process to configure an
electronic device to control a networked device can involve manual efforts, and can be difficult
and even confusing for many users. The process to localize and map a networked device to
allow an electronic device to know the location of the networked device and control the
networked device can also be difficult and time consuming. In many cases, a networked device
can change locations, which can render a previously-mapped location of that smart device
inaccurate/obsolete and can impact the electronic device’s ability to control and/or interact with
the networked device after the location change. Moreover, each time a mapped networked
device moves to a different location, the electronic device may need to perform another

complicated and time-consuming process of localizing and mapping the networked device.

[0049] In some examples, the XR capabilities of an XR device can be leveraged to enable
more intuitive and natural interactions with certain devices, such as networked devices, from

the XR device. For example, hand tracking and gesture recognition capabilities of XR devices

9
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can be leveraged to allow a user of an XR device to use gestures and other XR-based
interactions to control networked devices. To facilitate and/or improve such interactions, the
XR device may localize and map the networked devices that a user wishes to control from the
XR device. As previously noted, localizing and mapping the networked devices can be a
challenging task. In many cases, the XR device may not have information about the location
of a particular networked device in order to localize and map it. For example, in a room with
multiple networked devices, the XR device may not know where a particular networked device
of interest is located or even which of the networked devices in the room is the particular

networked device of interest.

[0050] To illustrate, in a room with multiple networked light bulbs, the XR device may not
know where a particular networked light bulb from the multiple networked light bulbs is
located in order to localize and map it. In some cases, there may be additional networked
devices in nearby rooms which may be located even closer to the XR device than one or more
of the networked devices in the room and may increase the difficulty of localizing and mapping
a particular networked device. Since many networked devices are mobile, even if the room or
building has only one networked device, the networked device may change locations, which
may render a previously-mapped location of the networked device inaccurate/obsolete and may
prevent the XR device from controlling and/or interacting with the networked device at its new

location.

[0051] Systems, apparatuses, methods (also referred to as processes), and computer-readable
media (collectively referred to herein as “systems and techniques™) are described herein for
localizing and mapping controllable devices, such as networked devices (e.g., smart devices,
IoT devices, connected devices) for control by other electronic devices, such as XR devices.
While networked or smart devices (e.g., [oT devices and/or other devices with capabilities for
Internet/network connectivity) are used herein as examples of controllable devices, the
techniques described herein can be performed by or for any device that is controllable by
another device. In some examples, the systems and techniques described herein can allow smart
devices to be localized and mapped for XR control. An example XR device can localize and
map a smart device to understand where the smart device is spatially located in the real world
and within the internal coordinate system of the XR device. Localizing and mapping smart

devices for extended reality can allow an XR device to enable more intuitive interactions with

10
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smart devices from the XR device. In some examples, an XR device can localize and map a
smart device using sensor data from one or more sensors on the XR device such as, for example,

image data from an image sensor, audio data from an audio sensor, etc.

[0052] 1In some cases, an XR device can remotely trigger a smart device to generate an
identification output that the XR device can detect and use to localize and map the smart device.
The XR device can identify and associate the identification output with the triggered smart
device for future control of the smart device through the XR device. For example, a user of the
XR device can remotely trigger the smart device from an application on the XR device, such
as a registration application associated with the smart device. The smart device can generate
the identification output based on the remote trigger. The XR device can use one or more
sensors, such as an image sensor and/or an audio sensor, to detect the identification output from
the smart device. The XR device can use the identification output to localize and map the smart

device for current and/or future control of the smart device from the XR device.

[0053] The smart device can generate the identification output in a number of ways. In some
examples, the smart device can output a particular pattern that the XR device can recognize as
an identification output. To illustrate, in an example involving a smart device having light-
emitting capabilities (e.g., a smart television (TV), light bulb, etc.), the smart device can output
a pattern of dimming and brightening light. The XR device can detect and recognize the
dimming and brightening pattern as an identification output. In some cases, the dimming and
brightening pattern can be visible to the human eye (e.g., within the visible light spectrum). In
other cases, the dimming and brightening pattern can be imperceptible to the human eye in
terms of wavelength and/or duration. As another example, the smart device can change the
color temperature of the smart device according to a pattern that the XR device can detect and
recognize as an identification output. The color temperature pattern can be visible to the human
eye or imperceptible (e.g., in wavelength and/or duration) to the human eye. In some cases, the
smart device can emit a pattern of light (visible or invisible to the human eye), which the XR
device can detect and recognize as the identification output. For example, the smart device can

emit infrared (IR) light that the XR device can detect and recognize as the identification output.

[0054] In some cases, the smart device can encode an identification output in a wireless

signal(s) transmitted by the smart device. For example, the smart device can use Bluetooth to
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communicate with the XR device. The smart device can use Bluetooth to send a code or pattern
representing the identification output to the XR device. The XR device can receive the
Bluetooth communication from the smart device and identify the code or pattern in the
Bluetooth communication. The XR device can use the identified code or pattern to localize the

smart device as further described herein.

[0055] Insome examples, a smart device can have display capabilities (e.g., asmart hub, TV,
screen, etc.), audio capabilities, and/or other output capabilities (e.g., emitting light, etc.). In
some cases, a smart device with display capabilities can output a display pattern (e.g., a Quick
Response (QR) code, a barcode, an image, a video, an animation, a rendered object, a graphic,
a visual pattern, etc.). The display pattern can be visible to the human eye or imperceptible
(e.g.. in wavelength and/or duration) to the human eye. The XR device can detect and recognize
the display pattern as an identification output. In some cases, a smart device with audio
capabilities can output an audio pattern (e.g., Morse code, noise, a sequence of tones, or any
other audio pattern), which can be perceptible to the human ear or imperceptible to the human
ear in duration and/or frequency (e.g., ultrasound). The XR device can detect and recognize the
audio pattern as an identification output. In other examples, the smart device can output any
other type of pattern or combination of patterns, such as a combination of light, color

temperature, display, and/or audio patterns.

[0056] In some examples, the XR device can detect an identification output from a smart
device using a deep neural network. For example, to detect an identification output including
alight, display, and/or audio pattern, a deep neural network can be pre-trained on a set of image
data and/or audio data including examples of relevant identification outputs. In some examples,
the XR device can detect an identification output via cross-correlation of a digest (e.g., over
time) of output statistics, such as brightness and contrast statistics, exceeding a predetermined
threshold. In some cases, the XR device can detect an identification output via audio or visual
feature matching. For example, the XR device can identify keypoints in an image capturing a
visual output, such as a displayed code, and extract features in the image corresponding to the
visual output. The XR device can generate feature descriptions for the extracted features. The
XR device can match the keypoints, features, and/or feature descriptions with keypoints,

features, and/or feature descriptions associated with the visual output. The XR device can
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detect the visual output based on such feature matching. The XR device can perform similar

feature matching with audio data to detect audio outputs.

[0057] In some cases, the XR device can track the location of a smart device dynamically.
For example, the XR device can perform relocalization to track the location of a smart device
in case or if the location of the smart device has changed after a previous localization. The XR
device can perform a mapping process periodically and/or as needed. In some examples, when
the XR device believes it is near a previously-mapped smart device, the XR device can trigger
the identification output to check if the smart device is still in the previously-mapped location.
If the XR device determines that the smart device is not located where expected, the XR device
can trigger the identification output periodically. When the XR device finds the smart device
based on an identification output, the XR device can update the location of the smart device in

the XR device’s map of smart devices.

[0058] In some cases, the smart device can detect when the location of the smart device has
changed and trigger a relocalization by the XR device. For example, the smart device can detect
that its location has changed based on a network signal of the smart device and/or a
characteristic (e.g., signal strength, etc.) of a network signal of the smart device, sensor data
(e.g., image data captured by an image sensor of the smart device, inertial data captured by an
inertial measurement unit of the smart device, etc. In some cases, when the smart device detects
that its location has changed, the smart device can notify the XR device that the location of the
smart device has changed. For example, the smart device can send a wireless signal (e.g., a
Bluetooth communication, a WiFi communication, etc.) to the XR device. The wireless signal
can include an indication (e.g., data, a pattern, etc.) of the change in the location of the smart
device. In another example, when the smart device detects that its location has changed, the
smart device can output an identification output for detection by the XR device. The

identification output can trigger the relocalization by the XR device.

[0059] In another example, the user of the XR device can execute an action indicating a
desire to interact with a smart device, such as pointing to the smart device, maintaining an eye
gaze towards the smart device, maintaining a head pose towards the smart device, touching the
smart device, etc. In some cases, the action can identify, suggest or imply a location of the

smart device. If a smart device is not mapped at such location (or the smart device of interest
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is not mapped at such location), the XR device can trigger an identification output for all
known/mapped smart devices until a matching identification output is detected. The XR device
can then update the XR device’s map of smart devices to include the smart device at the

determined location of the smart device.

[0060] In some examples, instead of (or in addition to) triggering the smart device to identify
itself (e.g., via an identification output), the XR device can use hand tracking to localize and
map the smart device. For example, the user can touch the smart device with a finger, which is
tracked/localized by the XR device, and tag that location in the XR device’s map of smart

devices with the identified smart device.

[0061] In some cases, the XR device can leverage image and/or audio sensors on a smart
device to localize the smart device and/or the XR device relative to each other, and map the
smart device. For example, the XR device can use one or more smart devices to localize and/or
map the XR device. In some examples, the XR device can remotely trigger a smart device to
enter mapping mode. Based on the trigger, the smart device can begin looking for an
identification output from the XR device. Upon detecting the identification output from the XR
device, the smart device can localize itself relative to the XR device and relay the localization
information to the XR device. The XR device can translate the localization information to its

map of smart devices and identify/associate the smart device with the determined location.

[0062] In some cases, the XR device can leverage one or more smart devices with image
and/or audio sensors to localize and map a smart device. For example, the XR device can
remotely trigger smart devices in the environment to enter mapping mode. The smart devices
can share a feature vector (e.g., audio and/or visual feature vector) with the XR device. The
XR device can match the feature vector of a smart device shared by one or more smart devices
against a feature vector obtained by the XR device. The XR device can translate the localization
information to its map of smart devices and identify/associate the smart device with the

determined location.
[0063] Various aspects of the application will be described with respect to the figures.

[0064] FIG. 1 is a diagram illustrating an example of an XR system 100 used to localize,
map, and/or control a computing device 150, in accordance with some examples of the present

disclosure. The XR system 100 can be used to control the computing device 150 using XR
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and/or any other techniques described herein. The computing device 150 can include a smart
device (e.g., an [oT/connected device, etc.) such as, for example and without limitation, a smart
wearable device (e.g., a smart watch, ring, bracelet, glove, medical/fitness tracker, etc.), a smart
lock, a smart bicycle, a smart security system, a smart light, a smart hub, a smart camera, a
smart refrigerator, a smart speaker, a smart medical sensor, a smart television, a smart switch,
a smart assistant, a smart thermostat, a robotic vacuum cleaner, a mobile computing device
(e.g., alaptop computer, a tablet computer, a smartphone, etc.), a video game system, a global
positioning system (GPS) device, a smart alarm, a smart scanner, a smart plug, a smart assistant,
a smart appliance, smart equipment, an embedded system, a smart home device, or any other

smart, connected, and/or wireless device.

[0065] The XR system 100 and the computing device 150 can be communicatively coupled
to allow the XR system 100 to interact with and control the computing device 150. In some
examples, the XR system 100 can implement one or more XR applications such as, for example
and without limitation, an XR application for managing and/or controlling computing devices
(e.g., computing device 150), a smart home application, a video game application, a device
control application, an autonomous driving application, a navigation application, a productivity
application, a social media application, a communications application, a modeling application,
a media application, an electronic commerce application, a browser application, a design

application, a map application, and/or any other XR application.

[0066] In some examples, the XR system 100 can include an electronic device configured to
use information about the relative pose of the XR system 100 and/or the computing device 150
to provide one or more functionalities, such as XR functionalities (e.g., localization/tracking,
detection, classification, mapping, content rendering, etc.), device management and/or control
functionalities, gaming functionalities, autonomous driving or navigation functionalities,
computer vision functionalities, robotic functions, etc. For example, in some cases, the XR
system 100 can be an XR device (e.g., a head-mounted display, a heads-up display device,
smart glasses, etc.) configured to detect, localize, and map the location of the computing device
150 and communicate with the computing device 150 to control one or more operations/states

of the computing device 150.
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[0067] In the illustrative example shown in FIG. 1, the XR system 100 can include one or
more image sensors, such as image sensors 102A and 102B (collectively referred to as “image
sensors 102 hereinafter), an audio sensor 104 (e.g., an ultrasonic sensor, a microphone, etc.),
an inertial measurement unit (IMU) 106, and one or more compute components 110. In some
cases, the XR system 100 can optionally include one or more other/additional sensors such as,
for example and without limitation, a radar, a light detection and ranging (LIDAR) sensor, a
touch sensor, a pressure sensor (e.g., a barometric air pressure sensor and/or any other pressure
sensor), a gyroscope, an accelerometer, a magnetometer, and/or any other sensor. In some
examples, the XR system 100 can include additional sensors and/or components such as, for
example, a light-emitting diode (LED) device, a storage device, a cache, a communications
interface, a display, a memory device, etc. An example architecture and example hardware
components that can be implemented by the XR system 100 are further described below with
respect to FIG. 9.

[0068] The XR system 100 can be part of, or implemented by, a single computing device or
multiple computing devices. In some examples, the XR system 100 can be part of an electronic
device (or devices) such as a camera system (e.g., a digital camera, an IP camera, a video
camera, a security camera, etc.), a telephone system (e.g., a smartphone, a cellular telephone,
a conferencing system, etc.), a laptop or notebook computer, a tablet computer, a set-top box,
a smart television, a display device, a gaming console, an XR device such as an HMD, a drone,
a computer in a vehicle, an [oT (Internet-of-Things) device, a smart wearable device, or any

other suitable electronic device(s).

[0069] In some implementations, the image sensors 102, the audio sensor 104, the IMU 106,
and/or the one or more compute components 110 can be part of the same computing device.
For example, in some cases, the image sensors 102, the audio sensor 104, the IMU 106, and/or
the one or more compute components 110 can be integrated with or into a camera system, a
smartphone, a laptop, a tablet computer, a smart wearable device, an XR device such as an
HMD, an IoT device, a gaming system, and/or any other computing device. In other
implementations, the image sensors 102, the audio sensor 104, the IMU 106, and/or the one or
more compute components 110 can be part of, or implemented by, two or more separate

computing devices.
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[0070] The one or more compute components 110 of the XR system 100 can include, for
example and without limitation, a central processing unit (CPU) 112, a graphics processing
unit (GPU) 114, a digital signal processor (DSP) 116, and/or an image signal processor (ISP)
118. In some examples, the XR system 100 can include other processors such as, for example,
a computer vision (CV) processor, a neural network processor (NNP), an application-specific
integrated circuit (ASIC), a field-programmable gate array (FPGA), etc. The XR system 100
can use the one or more compute components 110 to perform various computing operations
such as, for example, extended reality operations (e.g., tracking, localization, object detection,
classification, pose estimation, mapping, content anchoring, content rendering, etc.), device
control operations, image/video processing, graphics rendering, machine learning, data

processing, modeling, calculations, computer vision, and/or any other operations.

[0071] In some cases, the one or more compute components 110 can include other electronic
circuits or hardware, computer software, firmware, or any combination thereof, to perform any
of the various operations described herein. In some examples, the one or more compute
components 110 can include more or less compute components than those shown in FIG. 1.
Moreover, the CPU 112, the GPU 114, the DSP 116, and the ISP 118 are merely illustrative

examples of compute components provided for explanation purposes.

[0072] The image sensors 102 can include any image and/or video sensor or capturing
device, such as a digital camera sensor, a video camera sensor, a smartphone camera sensor,
an image/video capture device on an electronic apparatus such as a television or computer, a
camera, etc. In some cases, the image sensors 102 can be part of a camera or computing device
such as a digital camera, a video camera, an IP camera, a smartphone, a smart television, a
game system, etc. Moreover, in some cases, the image sensors 102 can include multiple image
sensors, such as rear and front sensor devices, and can be part of a dual-camera or other multi-
camera assembly (e.g., including two cameras, three cameras, four cameras, or other number

of cameras).

[0073] In some examples, each image sensor of the image sensors 102 can capture image
data and generate frames based on the image data and/or provide the image data or frames to
the one or more compute components 110 for processing. A frame can include a video frame

of a video sequence or a still image. A frame can include a pixel array representing a scene.
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For example, a frame can be a red-green-blue (RGB) frame having red, green, and blue color
components per pixel; a luma, chroma-red, chroma-blue (YCbCr) frame having a luma
component and two chroma (color) components (chroma-red and chroma-blue) per pixel; or

any other suitable type of color or monochrome picture.

[0074] In some examples, the one or more compute components 110 can perform XR
processing operations using data from one or more of the image sensors 102, the audio sensor
104, the IMU 106, and/or the computing device 150. For example, in some cases, the one or
more compute components 110 can perform tracking, localization, object detection, object
classification, pose estimation, shape estimation, mapping, content anchoring, content
rendering, image processing, modeling, content generation, gesture detection, gesture
recognition, and/or other operations based on data from the image sensors 102, the audio sensor
104, the IMU 106, and/or the computing device 150. In some examples, the one or more
compute components 110 can use data from one or more of the image sensors 102, the audio
sensor 104, the IMU 106, and/or the computing device 150 to generate a three-dimensional
(3D) map of the environment and track the location of the XR system 100 within the 3D
environment. In some examples, the one or more compute components 110 can detect, localize,
and map the computing device 150 and/or control an operation/state of the computing device
150, based on data from the image sensors 102, the audio sensor 104, the IMU 106, and/or the

computing device 150.

[0075] In some examples, the one or more compute components 110 can implement one or
more algorithms for tracking and estimating a relative pose of the XR system 100 and/or the
computing device 150. In some cases, the one or more compute components 110 can receive
image data captured by one or more of the image sensors 102 and perform pose estimation
based on the received image data to calculate a relative pose of the computing device 150 and
the XR system 100. In some examples, the one or more compute components 110 can receive
sensor data (e.g., image data from image sensors 102, data from the audio sensor 104, the IMU
106, etc.), and use such data to track and/or map the computing device 150. In some cases, the
one or more compute components 110 can implement one or more computer vision models to

calculate a relative pose of the computing device 150 and the XR system 100.
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[0076] In some cases, the XR system 100 can use one or more of the image sensors 102 to
detect light patterns generated by the computing device 150. The light patterns can include an
identification output that the XR system 100 can use to detect, localize, and map the computing
device 150, as further explained herein. In some examples, the light patterns can include a
pattern(s) of changing light levels (e.g., dimming and brightening) emitted by the computing
device 150, a pattern of changing color temperature of light emitted by the computing device
150, a display pattern (e.g., a quick response (QR) code, a barcode, a displayed object, a
displayed image, etc.), and/or any other light/visual pattern. In some cases, a light pattern can
include light that is visible or invisible to the human eye. In some examples, a light pattern can

include IR light emitted by the computing device 150.

[0077] In some cases, the XR system 100 can use audio sensor 104 to detect an audio pattern
generated by the computing device 150. The audio pattern can include an identification output
that the XR system 100 can use to detect, localize, and map the computing device 150, as
further explained herein. In some examples, the audio pattern can include a pattern of sound
such as, for example, a Morse code, a noise sequence, and/or any other modulated audio or
pattern of sound. In some cases, the XR system 100 can use the audio sensor 104 to measure
distance information to assist in tracking, localization, mapping, and/or other XR
functionalities. For example, the XR system 100 can use the audio sensor 104 to measure a

distance between the XR system 100 and the computing device 150.

[0078] Insome cases, the IMU 106 can detect an acceleration, angular rate, and/or orientation
of the XR system 100 and generate measurements based on the detected acceleration. In some
cases, the IMU 106 can detect and measure the orientation, linear velocity, and/or angular rate
of the XR system 100. For example, the IMU 106 can measure a movement and/or a pitch, roll,
and yaw of the XR system 100. In some examples, the XR system 100 can use measurements
obtained by the IMU 106 and/or image data from one or more of the image sensors 102 to
calculate a pose of the XR system 100 within 3D space. In some cases, the XR system 100 can
additionally or alternatively use sensor data from the audio sensor 104 and/or the computing

device 150 to perform tracking, pose estimation, mapping, and/or other operations.

[0079] The computing device 150 can include one or more output devices 160 that can

output/emit a pattern such as, for example, a light pattern, an audio pattern, a radio pattern, a
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code or pattern encoded in a Bluetooth signal, and/or any combination thereof. The pattern can
include an identification output that the XR system 100 can use to detect, localize, and map the
computing device 150. The XR system 100 can detect the pattern emitted by the output
device(s) 160 and use the pattern to localize and map the computing device 150, as further

explained herein.

[0080] The output device(s) 160 can include one or more sensors and/or components such
as, for example and without limitation, a display, a speaker, a microphone, an image sensor, an
LED device, a light-emitting device, a pressure sensor, an IMU, a communication interface
(e.g., wireless radio, etc.), aradar, etc. In some examples, the computing device 150 can include
one or more wireless communication interfaces (not shown) for communicating with the XR
system 100. In some examples, the communication interface can include a wireless transmitter,
a wireless transceiver, or any other means for wireless communications and/or transmitting
data. The communication interface can implement any wireless protocol and/or technology to
communicate with the XR system 100, such as Wi-Fi, Bluetooth, ZigBee, cellular, etc. In other
examples, the computing device 150 can include more or less sensors, output device(s), and/or
components (of the same and/or different types) than shown in FIG. 1. In some cases, the
computing device 150 can include one or more other components that are not shown in FIG. 1
such as, for example and without limitation, a microcontroller, an actuator, a storage device,

memory, cache, a processing device, etc.

[0081] The components shown in FIG. 1 with respect to the XR system 100 and the
computing device 150 are merely illustrative examples provided for explanation purposes. In
other examples, the XR system 100 and/or the computing device 150 can include more or less
components than those shown in FIG. 1. While the XR system 100 and the computing device
150 are shown to include certain components, one of ordinary skill will appreciate that the XR
system 100 and the computing device 150 can include more or fewer components than those
shown in FIG. 1. For example, the XR system 100 and/or the computing device 150 can also
include, in some instances, one or more other memory devices (e.g., RAM, ROM, cache, and/or
the like), one or more networking interfaces (e.g., wired and/or wireless communications
interfaces and the like), one or more display devices, caches, storage devices, and/or other

hardware or processing devices that are not shown in FIG. 1. An illustrative example of a
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computing device and/or hardware components that can be implemented with the XR system

100 and/or the computing device 150 are described below with respect to FIG. 9.

[0082] As previously noted, the XR system 100 can enable XR interactions with a smart
device (e.g., the computing device 150). For example, the XR system 100 can allow a user
wearing the XR system 100 to point to a smart bulb to turn it on. As another example, the XR
system 100 can stream a video feed of nearby security cameras and/or render a visual overlay
(e.g., atransparent red outline, a message, etc.) over doors for which a security system is armed.
In some examples, the XR system 100 can share content from the XR system 100 to a nearby
smart television, and/or communicate with a smart hub/assistant and indicate to the smart
hub/assistant that a user wearing the XR system is speaking to the smart hub/assistant so the

smart hub/assistant understand that the user is not speaking to another person or device.

[0083] To facilitate such interactions, the XR system 100 can localize and map the smart
devices, as further described herein. The localizing and mapping of the smart devices can allow
the XR system 100 to know where the smart devices exist (spatially) in the internal coordinate
system of the XR system 100. The XR system 100 can use this information to enable

interactions with the smart devices.

[0084] FIG. 2 is a diagram illustrating an example system 200 for localizing and mapping
the computing device 150. The computing device 150 can include a smart device (e.g., an
IoT/connected device) such as, for example and without limitation, a smart wearable device
(e.g., a smart watch, ring, bracelet, glove, medical/fitness/health tracker, etc.), a smart lock, a
smart bicycle, a smart security system, a smart light, a smart hub, a smart camera, a smart
refrigerator, a smart speaker, a smart plug, a smart assistant, a smart medical sensor, a smart
television, a GPS device, a mobile computer, a video game console, a smart alarm, a smart
scanner, a connected appliance, smart equipment, a smart home device, an embedded system,

or any other smart, connected, and/or wireless device.

[0085] In the example shown in FIG. 2, the XR system 100 can send an identification trigger
204 to the computing device 150, to trigger the computing device 150 to output an identification
output 206. The identification trigger 204 can include a message and/or command configured
to trigger the computing device 150 to generate an identification output 206 that the XR system

100 can use to localize and map the computing device 150, as explained herein. In some cases,
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the XR system 100 can generate the identification trigger 204 in response to a user input
requesting the identification trigger 204. For example, a user of the XR system 100 can select
a control element on an XR application 202 at the XR system 100 to trigger the generation of
the identification trigger 204. As another example, the user of the XR system 100 can provide
a spoken input requesting the generation of the identification trigger 204, which the XR system

100 can recognize using one or more speech recognition algorithms.

[0086] In some cases, the identification trigger 204 can be generated in response to an event
such as, for example, a trigger (e.g., a message, an operation, etc.) from the computing device
150, a determination (e.g., based on sensor data from one or more sensors) that the computing
device 150 is nearby (e.g., within a proximity of the XR system 100), a time, etc. In some cases,
the XR system 100 can output the identification trigger 204 periodically to trigger the
identification output 206 when the computing device 150 is within a range and/or area, or when
the computing device 150 and the XR system 100 are connected to a same local network and/or
communicatively coupled (directly or indirectly) with each other. In other cases, the computing
device 150 can trigger the XR system 100 to generate the identification trigger 204. For
example, if the computing device 150 detects (e.g., based on sensor data) that the XR system
100 is within a certain range and/or area, the computing device 150 can send a message to the
XR system 100 to trigger a discovery mode. The discovery mode can trigger the XR system
100 to generate the identification trigger 204 and look for the identification output 206 to

localize and map the computing device 150.

[0087] The computing device 150 can receive the identification trigger 204 and output the
identification output 206. The identification output 206 can include an output pattern that the
XR system 100 can detect to localize and map the computing device 150. The output pattern
(e.g., the identification output 206) can include a light, display, radio, Bluetooth, and/or audio
pattern generated by the output device 160 of the computing device 150. For example, in some
cases, the output device 160 can include light-emitting capabilities and the output pattern can
include a dimming and brightening light pattern. The dimming and brightening pattern can be
visible to the human eye (e.g., within the visible light spectrum) or imperceptible to the human
eve in terms of wavelength and/or duration. In some cases, the output pattern can include IR
light emitted by the output device 160. As another example, the output pattern can include a

pattern of changes to a color temperature of light emitted by the output device 160. The color
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temperature pattern can be visible to the human eye or imperceptible (e.g., in wavelength and/or

duration) to the human eye.

[0088] In other examples, the output patterm can include a display pattemn
presented/displayed by the output device 160. The display pattern can include, for example, a
code (e.g., a QR code, a bar code, a key, etc.), an image, one or more characters, a rendered
content item (e.g., a virtual content item, a digital object, a graphic, etc.), and/or any visual
pattern. The display pattern be visible to the human eye or imperceptible (e.g., in wavelength
and/or duration) to the human eye. In other examples, the output pattern can include an audio
pattern (e.g., Morse code, a sound, and/or any other audio pattern), which can be perceptible to
the human ear or imperceptible to the human ear in duration and/or frequency (e.g., ultrasound).
In other examples, the output pattern can include a radio pattern (e.g., some special code, a
pattern of on and off, or a pattern of low power and high power). In other examples, the output
pattern can include any other type of pattern or combination of patterns, such as a combination

of light, color temperature, visual, and/or audio patterns.

[0089] In some cases, the computing device 150 can encode an identification output 206 in
a wireless signal(s) transmitted by the computing device 150. For example, the computing
device 150 can use Bluetooth to communicate with the XR system 100. The computing device
150 can use Bluetooth to send a code or pattern representing the identification output 206 to
the XR system 100. The XR system 100 can receive the Bluetooth communication from the
computing device 150 and identify the code or pattern in the Bluetooth communication. The
XR system 100 can use the identified code or pattern to localize the computing device 150 as

further described herein.

[0090] In some cases, the computing device 150 can broadcast the identification output 206
with the output pattern periodically or in response to the identification trigger 204. In some
cases, the computing device 150 can encode information in the identification output 206, such
as information about the computing device 150, location information, an identifier, etc. The
identification output 206 can be detected by a nearby device, such as the XR system 100,
located within a proximity to the computing device 150 and/or a position relative to the
computing device 150. In some examples, the distance and/or position of the nearby device

(e.g.. XR system 100) that allows detection of the identification output 206 by the nearby device
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can depend on the type of output pattern (e.g., light, audio, display, etc.), the configuration of
the output pattern, how the output pattern is emitted, etc. For example, the XR system 100 can
detect a light/display pattern from the computing device 150 when the light/display pattemn
and/or the output device 160 is/are within a view of one or more of the image sensors 102 of
the XR system 100. As another example, the XR system 100 can detect an audio pattern from
the computing device 150 when a distance between the output device 160 and the XR system
100 is such that the audio sensor 104 of the XR system 100 is able to detect/recognize the audio
in the audio pattern emitted by the output device 160. As another example, the XR system 100
can detect a radio pattern from the computing device 150 when a distance between the output
device 160 and the XR system 100 is such that the communication interface of the XR system

100 is able to detect/recognize the radio pattern emitted by the output device 160.

[0091] In some cases, the computing device 150 can vary the type of output pattern in the
identification output 206 based on one or more factors such as, for example, a location of the
computing device 150 (e.g., a private location, a public location, a location with a certain noise
levels, a location with certain light or darkness levels, a location with a certain number or
configuration of visual obstructions, etc.), a preference/setting indicating whether a nearby
device should have a view to the output device 160, a type of environment, a size and/or

configuration of a room where the computing device 150 is located, etc.

[0092] For example, if a preference setting indicates that the output pattern can be made
detectable by nearby devices that do not have a view of the output device 160 (e.g., by nearby
devices that do not have an image sensor with a view of the output device 160), the computing
device 150 can broadcast an audio pattern and/or a light pattern that can be detected by a nearby
device even if an image sensor of the nearby device does not have a view of the output device
160 (e.g., and thus cannot detect a display pattern presented on the output device 160). If a
preference setting indicates that the output pattern instead should be detectable only by nearby
devices that have a view of the output device 160 (e.g., by nearby devices having an image
sensor(s) that has a view of the output device 160), the computing device 150 can output a
display pattern that can be detected by a nearby device when an image sensor of the nearby
device has a view of the output device 160 and thus the display pattern presented on the output

device 160.
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[0093] In some examples, the output pattern can include a sequence that can indicate to a
device that detects the output pattern that the output pattern is an identification output. For
example, the output pattern can include a sequence, such as a bit sequence, that distinguishes

the output pattern from other types of light, audio, display, and/or similar types of patterns.

[0094] The XR system 100 can use one or more of the image sensors 102 and/or the audio
sensor 104 to detect the identification output 206 from the computing device 150. For example,
if the identification output 206 includes a light/display pattern, the XR system 100 can use one
or more of the image sensors 102 to detect/capture the light/display pattern. The one or more
of the image sensors 102 can capture an image(s) of the identification output 206, and the XR
system 100 can use the image(s) to detect the identification output 206 (e.g., via a deep neural
network, feature matching, cross-correlation of a digest of light statistics, etc.). If the
identification output 206 includes an audio pattern, the XR system 100 can use the audio sensor
104 to detect/capture the audio pattern. The audio sensor 104 can capture audio data in the
identification output 206 and use the audio data to detect the identification output 206 (e.g., via

a deep neural network, audio feature matching, etc.).

[0095] In some examples, the XR system 100 can detect the identification output 206 when
the XR system 100 is within a certain range of the computing device 150 and/or when the XR
system 100 is at a certain location relative to the computing device 150. The proximity and/or
location of the XR system 100 to be able to detect the identification output 206 can depend on
one or more factors as previously explained, such as the type of output pattern (e.g., display,
light, audio, etc.), an environment and/or location of the computing device 150 and/or the XR
system 100, a configuration of the output pattern (e.g., a display size, a display location, an

audio level, a light level, etc.), etc.

[0096] Once the one or more of the image sensors 102 and/or the audio sensor 104 has
detected/captured the identification output 206, a localization engine 212 of the XR system 100
can perform localization to localize the identification output 206 and the computing device
150. In some examples, the localization can be based on the identification output 206 detected
and tracking data 214 generated by the XR system 100. In some examples, a tracking engine
210 of the XR system 100 can use data from one or more of the image sensors 102, the audio

sensor 104, and/or the IMU 106 to perform tracking to determine a position of the XR system
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100 in an environment and/or relative to the computing device 150 and generate the tracking
data 214. In some examples, the XR system 100 can use the tracking data 214 for XR

functionalities such as, for example, localization, tracking, mapping, pose estimation, etc.

[0097] In some cases, the tracking data 214 can include data indicating a position and/or
orientation of the XR system 100 in a scene/environment, a map (or portion of a map) of a
scene/environment of the XR system 100. In some cases, a map in the tracking data 214 can
map a 3D environment and locate one or more features/objects within the 3D environment,
such as a position and/or orientation of the XR system 100 and/or the computing device 150.
In some examples, the XR system 100 can use the tracking data 214 to provide XR
functionalities and/or allow XR-based interactions with the scene/environment (and/or objects
in the scene/environment), such as the computing device 150. For example, the XR system 100
can use the tracking data 214 to allow a user of the XR system 100 to interact with and/or
control the computing device 150 using gestures, through an XR interface on the XR system
100, etc. The gestures can include, for example and without limitation, a hand gesture, an eye
gaze, pointing to the computing device 150, touching the computing device 150, positioning
the computing device 150 within a field-of-view (FOV) of an image sensor of the XR system

100, and/or any other gesture.

[0098] In some cases, the localization engine 212 can use the tracking data 214 and sensor
data from the image sensors 102 and/or the audio sensor 104 to localize the computing device
150 and associate the computing device 150 with the identification output 206. The localization
engine 212 can generate localization data 208 that localizes the identification output 206 and
associates the identification output 206 with the computing device 150. An XR application 202
on the XR system 100 can use the localization data 208 to map the computing device 150. For
example, the XR application 202 can use the localization data 208 to update a device map 222
in an environment map 220 to include the computing device 150 and a position of the
computing device 150 within the 3D environment. The environment map 220 can map the 3D
environment of the XR system 100 to identify features/objects and corresponding positions
within the 3D environment. The device map 222 can include a map of computing devices (e.g.,
computing device 150) that have been localized and mapped within the environment map 220.
In some examples, the device map 222 can identify localized devices and their estimated

positions in 3D space.
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[0099] The XR system 100 can use the environment map 220 and the device map 222 to
enable a user of the XR system 100 to interact with and/or control the computing device 150
through an interface rendered on the XR system 100 (e.g., via the XR application 202), through
motions, through gestures, and/or through any other XR inputs/actions. For example, the XR
system 100 can use the environment map 220 and the device map 222 to allow a user of the
XR system 100 to intuitively interact with the computing device 150 (e.g., via gestures,
motions, physical interactions, etc.) using the XR system 100. To illustrate, in a non-limiting
example, if the user points to a particular location in 3D space, the XR system 100 can use the
environment map 220 and the device map 222 to determine that the computing device 150 is
located at the particular location. Based on the mapped environment and the mapped location
of the computing device 150 in the environment map 220 and the device map 222, the XR
system 100 can associate the gesture (e.g., pointing to the particular location) with the
computing device 150 even if there are other computing devices nearby and/or in the 3D
environment. In some examples, the XR system 100 can interpret the user pointing to the
particular location as a request to control or interact with the computing device 150. For
example, the XR system 100 can interpret the user pointing to the particular location as a

request to turn on/off a light of the computing device 150.

[0100] In some examples, the XR system 100 detect a user input (e.g., via a gesture, an
interface rendered on the XR system 100, etc.) for controlling the computing device 150, and
generate a command to control the computing device 150. The XR system 100 can send the
command to the computing device 150 to trigger an operation/state at the computing device
150. In some examples, the XR system 100 can determine that the user input to control a device
corresponds to the computing device 150 based on the location of the computing device 150
determined using the environment map 220 and the device map 222. For example, the XR
system 100 can determine which device at a particular location the user wishes to control by
determining that the computing device 150 is at the particular location based on the

environment map 220 and the device map 222.

[0101] In some examples, a command generated by the XR system 100 for controlling the
computing device 150 can include one or more instructions for adjusting one or more
operations and/or states of the computing device 150. For example, in some cases, the XR

application 202 can generate a command instructing the computing device 150 to turn off or
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on, adjust a light level of the computing device 150, play or stop asound (e.g., asong, an alarm,
a message, noise, a notification, etc.), change a power state of one or more components, start
or stop a camera operation, generate an output, provide the XR system 100 a data feed (e.g.,
video, image, audio) from the computing device 150, start or stop an operation at the computing
device 150, and/or stop or implement any other operations and/or states. The computing device
150 can receive the command from the XR system 100 and execute the command to implement

one or more operations and/or states associated with the command.

[0102] Insome cases, the XR system 100 can perform relocalization of the computing device
150 periodically, on demand, and/or upon a relocalization trigger. In some examples, the XR
system 100 can track the location of the computing device 150 dynamically. For example, the
XR system 100 can perform relocalization to track the location of the computing device 150 in
case or if the location of the computing device 150 has changed after a previous localization.
In some cases, the XR system 100 can perform a mapping process periodically and/or as
needed. In some examples, when the XR system 100 believes it is near a previously-mapped
device (e.g., computing device 150), the XR system 100 can trigger the identification output to
check if the device is still in the previously-mapped location. If the XR system 100 determines
that the device is not located where expected (e.g., in the previously-mapped location), the XR
system 100 can trigger the identification output one or more times or periodically. When the
XR system 100 finds the device (e.g., computing device 150) based on an identification output,

the XR system 100 can update the location of the device in the device map 222.

[0103] In another example, the user of the XR system 100 can execute an action indicating a
desire to interact with the computing device 150, such as pointing to the computing device 150,
maintaining an eye gaze towards the computing device 150, maintaining a head pose towards
the computing device 150, touching the computing device 150, etc. In some cases, the action
can identify, suggest or imply a location of the computing device 150. If the computing device
150 is not mapped at such location (or the computing device 150 is not mapped at such
location), the XR system 100 can trigger an identification output for any known/mapped
devices (e.g., for all devices in the device map 222) until a matching identification output is
detected. The XR system 100 can then use the detected identification output to localize the
computing device 150 and update the device map 222 to include the computing device 150 at

the determined location of the computing device 150.
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[0104] In some cases, the computing device 150 can trigger a relocalization by the XR
system 100. In some examples, the computing device 150 can detect when the location of the
computing device 150 has changed and trigger a relocalization by the XR system 100. For
example, the computing device 150 can detect that its location has changed based on a network
signal of the computing device 150 and/or a characteristic (e.g., signal strength, etc.) of a
network signal of the computing device 150, sensor data (e.g., image data captured by an image
sensor of the computing device 150, inertial data captured by an inertial measurement unit of
the computing device 150, etc. In some cases, when the computing device 150 detects that its
location has changed, the computing device 150 can notify the XR system 100 that the location
of the computing device 150 has changed. For example, the computing device 150 can send a
wireless signal (e.g., a Bluetooth communication, a WiFi communication, etc.) to the XR
system 100. The wireless signal can include an indication (e.g., data, a pattern, etc.) of the
change in the location of the computing device 150. In another example, when the computing
device 150 detects that its location has changed, the computing device 150 can output an
identification output for detection by the XR system 100. The identification output can trigger
the relocalization by the XR system 100.

[0105] As previously noted, the XR system 100 can use image/video data captured by one or
more of the image sensors 102 and/or audio data captured by the audio sensor 104 to detect the
identification output 206 from the computing device 150. In some examples, the XR system
100 can detect the identification output 206 using a deep neural network. For example, to detect
an identification output including a light, display, radio, and/or audio pattern, the XR system
100 can use a deep neural network that is pre-trained on a set of image and/or audio data
including examples of relevant identification outputs. In some examples, the XR system 100
can detect the identification output 206 via cross-correlation of a digest of audio and/or light
statistics (e.g., statistics of light levels/patterns, statistics of audio patterns/sequences, etc.)
exceeding a predetermined threshold. In some cases, the XR system 100 can detect the
identification output 206 via audio or visual feature matching. For example, the XR system 100
can identify keypoints in an image capturing a visual pattern in the identification output 206,
such as a displayed code, and extract features in the image corresponding to the visual pattern.
The XR system 100 can generate feature descriptions for the extracted features. The XR system

100 can match the keypoints, features, and/or feature descriptions with keypoints, features,
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and/or feature descriptions associated with the visual pattern. The XR system 100 can detect
the visual pattern based on such feature matching. The XR system 100 can perform similar

feature matching with audio data to detect audio outputs.

[0106] FIG. 3 is a diagram illustrating an example process 300 for visual feature matching
to detect a visual pattern in an identification output from the computing device 150. In this
example, a feature extraction engine 315 of the XR system 100 can process an image 302 of a
visual object 306 associated with a predetermined identification output, and perform a feature
extraction 320 to extract features 324 from the image 302. The features 324 can include a
feature vector corresponding to features of the visual object 306 and descriptions of the features

in the feature vector.

[0107] The XR system 100 can capture an image 304 of an identification output from the
computing device 150. The image 304 can capture the visual object 306 included in the
identification output from the computing device 150. The XR system 100 can input the image
304 into the feature extraction engine 315 to perform feature extraction 322 to extract features
326 from the image 304. The features 326 can include a feature vector corresponding to features

of the visual object 306 and descriptions of the features in the feature vector.

[0108] The XR system 100 can perform a feature matching 330 using the features 324 from
the feature extraction 320 and the features 326 from the feature extraction 322, to determine
whether the features 324 and the features 326 match. The feature matching 330 can compare
the features 324 and the features 326 to determine if they both correspond to the same visual
object (e.g., visual object 306). If the feature matching 330 determines that the features 324
and the features 326 correspond to the same visual object, the XR system 100 can determine
that the visual object 306 corresponds to an identification output. The XR system 100 can detect
and/or identify the identification output from the computing device 150 based on the visual

object 306 in the identification output.

[0109] In some cases, if the image 302 and the image 304 capture the visual object 306 from
different angles/views and the visual object 306 is visually identifiable from both angles/views,
the XR system 100 can perform a transform, such as a homography transform, to obtain a

matching feature vector between the image 302 and the image 304. In some examples, the XR
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system 100 can determine correspondences between the features in the image 302 and the

image 304 to determine a match.

[0110] In some cases, the features 324 can include the 3D locations of the features 324, and
the features 326 can include the 3D locations of the features 326. In some cases, the XR system
100 can use the 3D locations of the features to determine correspondences between the features
(e.g., to match the features). In some cases, the XR system 100 can use the 3D locations of the

features to assist in localizing an identification output associated with the features 326.

[0111] FIG. 4 is a diagram illustrating an example system 400 for localizing a computing
device 150 based on a user gesture. In this example, the user gesture is a hand gesture (e.g.,
pointing at the computing device 150 or touching the computing device 150 with a finger), and
the localization uses hand tracking. However, in other examples, the user gesture can be any
other type of gesture from the user and the localization can use any other relevant tracking of
the user. For example, in some cases, the gesture can be maintaining an eye gaze towards the
computing device, positioning the computing device 150 within a field-of-view of an image
sensor of the XR system 100, maintaining a certain head pose, etc. In some cases, the tracking

can include eye/gaze tracking, head pose tracking, and/or other gesture tracking.

[0112] A tracking engine 410 of the XR system 100 can use data from the image sensors 102
and the IMU 106 to track the location and pose of the XR system 100 as previously described
with respect to the tracking engine 210 shown in FIG. 2. The tracking engine 410 can generate
tracking data 412, which can include the location and pose of the XR system 100 and a map of
the 3D environment, as previously described with respect to the tracking data 214 shown in

FIG. 2.

[0113] A user of the XR system 100 can use a hand 402 to point to the computing device 150
(and/or touch the computing device 150 with a finger of the hand 402) for localization of the
computing device 150. In some examples, rather than the XR system 100 sending an
identification trigger to trigger the computing device 150 to generate an identification output
for localizing the computing device 150, the user can trigger the localization and mapping of
the computing device 150 by the hand gesture shown in FIG. 4 (e.g., by pointing to the
computing device 150 and/or touching the computing device 150). In some cases, the XR

system 100 can dynamically detect the hand gesture and trigger the localization. In other cases,
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the user of the XR system 100 can trigger the detection of the hand gesture (and the
localization) by interacting with an interface rendered by the XR application 202, such as

selecting a control or setting in an interface rendered by the XR application 202.

[0114] To localize the computing device 150, one or more of the image sensors 102 of the
XR system 100 can capture an image of the hand 402 performing a gesture, such as pointing
to the computing device 150, touching the computing device 150, etc. In other examples, to
localize the computing device 150, the one or more image sensors 102 can capture an image of
the computing device 150 and/or any other part of the user. For example, the one or more image
sensors 102 can capture an image of the computing device 150 after being positioned by the
user within a field-of-view of the one or more image sensors 102. As another example, the one
or more image sensors 102 can capture one or more images of the user’s eyes or head to track

an eye gaze and/or head pose of the user.

[0115] The XR system 100 can use an action tracking engine 414 for action tracking (e.g.,
tracking an action, activity, or event). For example, the action tracking engine 414 can use an
image of the hand 402 (and/or any other images as previously mentioned) to perform hand
tracking to estimate a pose of the hand 402 in 3D space. In some examples, the XR system 100
can also use the tracking data 412 from the tracking engine 410 for the action tracking (e.g.,
hand tracking, head pose tracking, eye gaze tracking, gesture tracking, computing device
tracking, tracking other actions by the user, etc.). For example, the action tracking engine 414
of the XR system 100 can perform hand tracking using an image of the hand 402 from one or
more of the image sensors 102, a 3D map of the environment from the tracking data 412, and

alocation and pose of the XR system 100 identified in the tracking data 412.

[0116] The localization engine 416 of the XR system 100 can use the action tracking results
(e.g.. hand tracking, object tracking, user action tracking, gesture tracking, etc.) from the action
tracking engine 414 and the tracking data 412 from the tracking engine 410 to perform a
localization of the computing device 150. The localization can identify the location of the
computing device 150 in the 3D environment/space. Based on the localization, the XR system
100 can generate localization data 418 identifying the location of the computing device 150.
The XR application 202 can use the localization data 418 to update the device map 222 to

include the location of the computing device 150. In some examples, the XR application 202
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can tag a location in the device map 222 corresponding to the determined location of the
computing device 150 with the computing device 150 identified by the XR system 100. The
XR system 100 can use the updated device map to enable controlling and interacting with the

computing device 150, as previously described.

[0117] In some cases, the localization engine 416 can localize the computing device 150
using triangulation or any localization algorithm. In some examples, to localize the computing
device 150, the localization engine 416 can correlate a region-of-interest (ROI) tracked by the
tracking engine 414 to the environment map 220 in order to correlate an action (e.g., a gesture,
etc.) captured in the ROI with the 3D environment/space. For example, the localization engine
416 can use the tracking results (e.g., determined pose information, motion information, etc.)
from the action tracking engine 414 and the tracking data 412 from the tracking engine 410 to
determine an action (e.g., a gesture, etc.) captured in an ROI and in some cases corresponding
motion and/or position information. In some examples, the action can indicate a location of the
computing device 150. The localization engine 416 can use the corresponding motion and/or
position information to determine a position of the action and/or an object associated with the
action (e.g., a hand, a finger, a head, eyes, another user body part, the computing device 150,
and/or any other object) within the 3D environment/space. examples the localization engine
416 can use the position of the action and/or associated object to determine the location of the
computing device 150 within a coordinate system of the XR system 100. In some aspects, the
localization engine 416 can use the location of the computing device 150 within the coordinate
system of the XR system 100 to correlate the computing device 150 with a location in the

environment map 220 and/or the device map 222.

[0118] In some cases, the XR system 100 can use one or more computing devices to localize
the one or more computing devices and/or the XR system 100 relative to each other, and map
the one or more computing devices. For example, the XR system 100 can use one or more
computing devices to localize the XR system 100 and the one or more computing devices
relative to the XR system 100, and map the one or more computing devices based on the
localization information. In some examples, the XR system 100 can remotely trigger a
computing device(s) to enter mapping mode. Based on the trigger, the computing device(s) can
begin looking for an identification output from the XR system 100. Upon detecting the

identification output from the XR system 100, the computing device(s) can localize itself
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relative to the XR system 100 and relay the localization information to the XR system 100. The
XR system 100 can translate the localization information to its map of devices (e.g., device

map 222) and identify/associate the computing device(s) with the determined location(s).

[0119] FIG. 5 is a diagram illustrating an example localization 500 by the XR system 100
using computing devices 530, 532, and 534. The computing devices 530, 532, and 534 can
include smart devices (e.g., loT/connected devices, etc.), such as computing device 150.
Moreover, each of the computing devices 530, 532, and 534 can include one or more sensors
such as, for example and without limitation, an image sensor(s), an audio sensor(s), an IMU, a
radar, a pressure sensor, etc. In this illustrative example, the computing devices 530 and 534
are shown as camera devices with image sensors to capture image/video data, and the
computing device 532 is shown as a smart television with at least one audio sensor. However,
in other examples, the computing devices 530, 532, and 534 can include other types of devices

with other types of sensors (instead of or in addition to the sensors noted above).

[0120] The computing devices 530, 532, and 534 can use their sensors to detect an
identification output from the XR system 100 and localize themselves relative to the XR system
100, as further explained herein. For example, as a user 502 wearing the XR system 100 moves
within a FOV of each computing device from the computing devices 530, 532, and 534, the
computing device can detect an identification output from the XR system 100 and localize itself
relative to the XR system 100. The computing device can send the localization information to
the XR system 100, which can translate the localization information to the device map (e.g.,

device map 222) at the XR system 100 to obtain a mapping of each computing device.

[0121] As shown in FIG. 5, the XR system 100 can send an identification trigger 504 to the
computing device 530 to remotely trigger the computing device 530 to enter a mapping mode.
In other examples, the computing device 530 can enter the mapping mode periodically or based
on another event/trigger. For example, in some cases, the computing device 530 can enter a
mapping mode upon detecting that the XR system 100 is within a FOV of the computing device
530, upon detecting that the XR system 100 is within a threshold range of the computing device
530, upon detecting a spoken command from the user 502 requesting the computing device
530 to enter mapping mode, upon detecting speech from the user 502 indicating that the user

502 may be using the computing device 530 and may be within a proximity to the computing
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device 530, upon receiving a communication from another computing device (e.g., computing
device 532, computing device 534) identifying a detected location of the XR system 100 that
indicates that the XR system 100 may be moving towards a location of the computing device
530 (and/or may be within a FOV and/or range of the computing device 530 at a future time

and/or within a future time window), and/or upon any other event/trigger.

[0122] After sending the identification trigger 504, the XR system 100 can generate the
identification output 510 for detection by the computing device 530. In this example, the
identification output 510 represent or includes a pattern displayed by the XR system 100 (e.g.,
by a display on the XR system 100 and visible to the computing device 530) or on the XR
system 100 (e.g., a pattern on the XR system 100 itself). However, in other examples, the
identification output 510 can include any other pattern (e.g., a light pattern, an audio pattern, a
combination of patterns, etc.) as previously described with respect to the identification output

206 shown in FIG. 2.

[0123] In some examples, the XR system 100 can output the identification output 510 once
after sending the identification trigger 504. For example, the XR system 100 can output the
identification output 510 and may not output an additional identification output until a certain
amount of time has lapsed or until the XR system 100 moves to a different location/position
(and/or a threshold distance and/or position change). In some cases, the XR system 100 can
output the identification output 510 and maintain the identification output 510 (e.g., keep
emitting the identification output 510, keep displaying the identification output 510, etc.) for a
certain period of time. In other examples, the XR system 100 can output the identification

output 510 multiple times (e.g., periodically, etc.).

[0124] Upon receiving the identification trigger 504 (or upon detecting any other
event/trigger configured to trigger the mapping mode as previously described), the computing
device 530 can enter mapping mode. Once the computing device 530 enters mapping mode,
the computing device 530 can begin searching for the identification output 510 from the XR
system 100. As shown, at time t1, the XR system 100 is within a FOV of the computing device
530. Since the identification output 510 in this example is a display pattern, the computing
device 530 can detect the identification output 510 when the XR system 100 is within the FOV

of the computing device 530 at time t1. However, in other examples, the identification output

35



10

15

20

25

WO 2023/015127 PCT/US2022/074224

510 can include another type of pattern that can be detected when the XR system 100 is not
within the FOV of the computing device 530, such as an audio pattern, a pattern of output light
levels, etc. In such examples, the computing device 530 may detect the identification output
510 when the XR system 100 is within a certain range (which can vary based on one or more
factors as previously explained) of the computing device 530, even if the XR system 100 is not

within the FOV of the computing device 530.

[0125] The computing device 530 can detect the identification output 510 from the XR
system 100 and use the identification output 510 to localize itself in 3D space relative to the
XR system 100. For example, the computing device 530 can localize its relative location to the
XR system 100 within the internal coordinate system of the computing device 530. In some
examples, the computing device 530 can identify and/or localize the XR system 100 based on
the identification output 510 and sensor data from one or more sensors of the computing device
530. In some cases, the computing device 530 can use one or more sensors of the computing
device 530 to track/map its location in 3D space and determine its location relative to the XR
system 100 within the internal coordinate system of the computing device 530. In other cases,
the computing device 530 can be preconfigured with location information identifying its
location in 3D space. In such examples, the computing device 530 can use the preconfigured

location information to determine its location relative to the XR system 100.

[0126] After the computing device 530 localizes itself relative to the XR system 100, the
computing device 530 can send localization data 520 to the XR system 100. The localization
data 520 can indicate the location of the computing device 530 relative to the XR system 100.
For example, the localization data 520 can indicate that, within the coordinate system of the
computing device 530, the computing device 530 is at a certain distance above/below the XR
system 100 and/or a certain distance away from the XR system 100 (e.g., at a certain
range/proximity). In some cases, when indicating a distance away from the XR system 100,
the localization data 520 can also indicate a direction of the distance away, such as behind, in
front, left, or right; north, south, east, or west; or any other indication of a direction. In some
examples, the localization data 520 can indicate one or more coordinates of the location of the

computing device 150 in 3D space.
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[0127] The XR system 100 can receive the localization data 520 and use the localization data
520 to locate and map the computing device 530. In some examples, the XR system 100 can
also use the localization data 520 to localize itself relative to the computing device 530. Based
on the location of the computing device 530 relative to the XR system 100, the XR system 100
can update the device map (e.g., device map 222) of the XR system 100 to include an indication
of the location of the computing device 530. In some examples, the XR system 100 can translate
the location information in the localization data 520 to its own coordinate system and map. For
example, if the localization data 520 indicates the computing device 530 is at a certain distance
above/below the XR system 100 and a certain distance away from the XR system 100, the XR
system 100 can use such information to determine that the computing device 530 is a certain
distance above/below and a certain distance away from a current location of the XR system
100. The XR system 100 can determine the location of the computing device 530 within the
internal coordinate system of the XR system 100 and update the device map of the XR system

100 to associate that location with the computing device 530.

[0128] At time t2, the XR system 100 can send an identification trigger 506 to the
computing device 532 to remotely trigger the computing device 532 to enter a mapping mode.
As previously noted, in other examples, the computing device 532 can enter the mapping mode
periodically or based on another event/trigger. After sending the identification trigger 506, the
XR system 100 can generate the identification output 512 for detection by the computing
device 532. In this example, the identification output 512 represents or includes an audio
pattern emitted by the XR system 100 (e.g., by a speaker on the XR system 100). However, in
other examples, the identification output 512 can include any other pattern (e.g., a light pattern,

a display pattern, a combination of patterns, etc.) as previously described.

[0129] Upon receiving the identification trigger 506 (or upon detecting any other
event/trigger configured to trigger the mapping mode as previously described), the computing
device 532 can enter mapping mode. Once the computing device 532 enters mapping mode,
the computing device 532 can begin searching for the identification output 512 from the XR
system 100. In this example, the computing device 532 can use an audio sensor to
capture/detect the audio pattern in the identification output 512. The computing device 532 can
detect the identification output 512 from the XR system 100 and use the identification output
512 to localize itself in 3D space relative to the XR system 100, as previously described.
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[0130] After the computing device 532 localizes itself relative to the XR system 100, the
computing device 532 can send localization data 522 to the XR system 100. The localization
data 522 can indicate the location of the computing device 532 relative to the XR system 100.
The XR system 100 can receive the localization data 522 and use the localization data 522 to
locate and map the computing device 532. In some examples, the XR system 100 can also use

the localization data 522 to localize itself relative to the computing device 532.

[0131] Based on the location of the computing device 532 relative to the XR system 100, the
XR system 100 can then update the device map (e.g., device map 222) of the XR system 100
to include an indication of the location of the computing device 532. In some examples, the
XR system 100 can translate the location information in the localization data 522 to its own
coordinate system and map. For example, if the localization data 522 indicates the computing
device 532 is at a certain distance above/below the XR system 100 and a certain distance away
from the XR system 100, the XR system 100 can use such information to determine that the
computing device 532 is a certain distance above/below and a certain distance away from a
current location of the XR system 100. The XR system 100 can determine the location of the
computing device 532 within the internal coordinate system of the XR system 100 and update

the device map of the XR system 100 to associate that location with the computing device 532.

[0132] To initiate an attempt to localize the computing device 534, the XR system 100 can
send an identification trigger 508 to the computing device 534 to remotely trigger the
computing device 534 to enter a mapping mode. In other examples, the computing device

534 can enter the mapping mode periodically or based on another event/trigger.

[0133] After sending the identification trigger 508, the XR system 100 can generate the
identification output 514 for detection by the computing device 534. In this example, the
identification output 514 represents or includes a light pattern emitted by the XR system 100
(e.g.. by a light-emitting device on the XR system 100). However, in other examples, the
identification output 514 can include any other pattern (e.g., a display pattern, an audio pattern,

a combination of patterns, etc.) as previously described.

[0134] Upon receiving the identification trigger 508 (or upon detecting any other
event/trigger configured to trigger the mapping mode as previously described), the computing

device 534 can enter mapping mode. Once the computing device 534 enters mapping mode,
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the computing device 534 can begin searching for the identification output 514 from the XR
system 100. As shown, at time t3, the computing device 534 can detect the identification output
514 from the XR system 100. The computing device 534 can detect the identification output
514 from the XR system 100 and use the identification output 514 to localize itself in 3D space
relative to the XR system 100. For example, the computing device 534 can localize its relative
location to the XR system 100 within the internal coordinate system of the computing device

534.

[0135] After the computing device 534 localizes itself relative to the XR system 100, the
computing device 534 can send localization data 524 to the XR system 100. The localization
data 524 can indicate the location of the computing device 534 relative to the XR system 100.
The XR system 100 can receive the localization data 524 and use the localization data 524 to
locate and map the computing device 534. In some examples, the XR system 100 can also use
the localization data 524 to localize itself. Based on the location of the computing device 534
relative to the XR system 100, the XR system 100 can update the device map (e.g., device map
222) of the XR system 100 to include an indication of the location of the computing device
534. In some examples, the XR system 100 can translate the location information in the
localization data 524 to its own coordinate system and map. The XR system 100 can determine
the location of the computing device 534 within the internal coordinate system of the XR
system 100 and update the device map of the XR system 100 to associate that location with the

computing device 534.

[0136] In some examples, the XR system 100 can implement the localization 500 to
efficiently localize and map a number of devices. For example, if a user wants to localize all
the smart devices in a particular location, such as the user’s home, the user can move around
that location while wearing the XR system 100. The XR system 100 can perform the
localization 500 to localize the smart devices as the user moves to different areas of that
location. The XR system 100 can use the localization information to map each of the smart
devices in the particular location. Knowing the location of each of the smart devices based on
the mapping of the smart devices, the XR system 100 can allow the user to use the XR system
100 to interact with and control any of the smart devices. In some examples, the user wearing
the XR system 100 can use gestures and/or input devices to interact with or control any of the

smart devices using the XR system 100. In some examples, the user wearing the XR system
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100 can interact with an interface on the XR system 100 to control any of the smart devices or

otherwise interact with any of the smart devices.

[0137] While the example localization 500 shown in FIG. 5 uses multiple computing devices
(e.g., computing devices 530, 532, and 534), other examples of the localization 500 can be
performed using the XR system 100 and a single other computing device (e.g., computing
device 530, computing device 532, or computing device 534). In other examples, the
localization 500 shown in FIG. 5 can be implemented using more or less computing devices

than shown in FIG. 5.

[0138] FIG. 6is a diagram illustrating an example joint localization 600 by devices based on
a common landmark. The XR system 100 can send an identification trigger 602 to the
computing device 610 to trigger the computing device 610 to enter a mapping mode. In this
example, the computing device 610 represents a camera device. However, the computing
device 610 can include any smart device (e.g., loT/connected device, etc.), such as computing

device 150.

[0139] The computing device 610 can receive the identification trigger 602 from the XR
system 100 and enter in mapping mode. In mapping mode, the computing device 610 can
localize the landmark 620 relative to its own coordinate system. For example, the computing
device 610 can obtain image data that captures the landmark 620 and process the image data
using one or more localization algorithms to determine the location of the landmark 620
relative to the computing device 610. The computing device 610 can then send location
information 604 to the XR system 100. In some cases, the location information 604 can include
localization data as previously described. In some examples, the location information 604 can
describe and/or identify the location of the landmark 620 relative to the computing device 610.
The XR system 100 can use the location of the landmark 620 described and/or identified in the
location information 604 to localize the computing device 610, as further described herein. In
some cases, the location information 604 can describe and/or identify the location of the
landmark 620 within or relative to a coordinate system of the computing device 610 or the XR
system 100. For example, the location information 604 can describe and/or identify the location

of the landmark 620 in a coordinate system of the computing device 610. The XR system 100
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can translate the location of the landmark 620 from the coordinate system of the computing

device 610 to a coordinate system of the XR system 100, as further explained below.

[0140] The XR system 100 can also localize the landmark 620 to determine the location of
the landmark 620 relative to the XR system 100 and/or a coordinate system of the XR system
100. The XR system 100 can use the location information 604 from the computing device 610
and the location of the landmark 620 relative to the XR system 100 and/or the coordinate
system of the XR system 100 to localize the computing device 610. In some examples, the XR
system 100 can use the location of the landmark 620 relative to the XR system 100 (and/or a
coordinate system of the XR system 100) to translate the location of the landmark 620 relative
to the computing device 610 (and/or a coordinate system of the computing device 610) to a
location of the computing device within the coordinate system of the XR system 100. For
example, the XR system 100 can determine the location of the computing device 610 relative
to the coordinate system of the XR system 100 based on the location of the landmark 620
relative to the coordinate system of the XR system 100 and the location of the landmark 620
relative to the coordinate system of the computing device 610. In this example, the XR system
100 can translate the location of the computing device 610 relative to the coordinate system of
the computing device 610 to the location of the computing device 610 relative to the coordinate

system of the XR system 100.

[0141] Based on the location of the computing device 610 relative to the XR system 100, the
XR system 100 can map the computing device 610. For example, the XR system 100 can update
a device map (e.g., device map 222) at the XR system 100 to associate the location of the

computing device 610 with the computing device 610.

[0142] In some cases, the location information 604 from the computing device 610 can
include a feature vector describing features of the landmark 620. For example, the computing
device 610 can extract features corresponding to the landmark 620 from the image data
capturing the landmark 620. The computing device 610 can then provide the extracted features
to the XR system 100. The XR system 100 can use the features from the computing device 610
to verify that the location information 604 from the computing device 610 corresponds to the
landmark 620 and ensure that the localization information determined by the XR system 100

for a landmark (e.g., landmark 620) and the location information 604 from the computing
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device 610 correspond to the same landmark. For example, the XR system 100 can determine
afeature vector associated with the landmark 620. The XR system 100 can compare the feature
vector it estimates with a feature vector from the computing device 610. The XR system 100
can verify that the feature vector from the computing device 610 corresponds to a same
landmark as the feature vector estimated by the XR system 100. For example, the XR system

100 can determine if the feature vectors match and/or have correspondences.

[0143] The XR system 100 can verify that the feature vectors correspond to a same landmark
to ensure the XR system 100 does not rely on the wrong localization information to localize
the computing device 610. For example, the XR system 100 can ensure that it localizes the
computing device 610 based on the locations of the XR system 100 and the computing device

610 relative to a same landmark.

[0144] As previously explained, the XR system 100 can map controllable devices to allow a
user to control and/or interact with the controllable devices via the XR system 100 using certain
types of user inputs such as gestures and XR inputs. FIG. 7 is a diagram illustrating an example
use case 700 for controlling the computing device 150 using the XR system 100. In this
example, the computing device 150 represents a smart light bulb. The XR system 100 can
detect an input from a user of the XR system 100 requesting to change a state of the computing

device 150 from a first state 710 to a second state 720.

[0145] For example, the XR system 100 can detect a gesture by the user, such as pointing
(e.g.. via a finger, controller, hand, head, input device, etc.) to the computing device 150,
waving a hand in a certain way and/or location (e.g., near the computing device 150),
maintaining an eye gaze towards the computing device 150, and/or any other gesture. The XR
system 100 can interpret the gesture as an input to adjust the state of the computing device 150
from the first state 710 to the second state 720. In another example, the XR system 100 can
receive an input from the user through an interface rendered by the XR system 100. The input
from the user can include a request to adjust the state of the computing device 150 from the

first state 710 to the second state 720.

[0146] Based on the input from the user, the XR system 100 can generate a command 702 to
trigger the computing device 150 to adjust the state of the computing device 150 from the first
state 710 to the second state 720. The XR system 100 can send the command 702 to the
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computing device 150. The computing device 150 can receive the command 702 and execute

the command 702 to change the state of the computing device 150 to the second state 720.

[0147] As previously noted, the command 702 includes a command to change the state of
the computing device 150 from the first state 710 to the second state 720. The first state 710
illustrated in this example is an off state and the second state 720 illustrated in this example is
an on state. Thus, as shown in FIG. 7, the XR system 100 can use the command 702 to turn on
the smart light bulb represented by the computing device 150. In other examples, the command
702 can include a command to change an operation/state of the smart light bulb represented by
the computing device 150 to any other state. For example, the command 702 can include a
command to turn off the smart light bulb (from an on state), change a light level of the smart
light bulb, change a color temperature of the smart light bulb, start/stop an audio playback (e.g.,
sound, music, etc.) if the smart light bulb has audio capabilities, trigger a communication and/or
connection by the smart light bulb with another device(s), generate a particular light pattern(s),

or implement any other state/operation or combination of states/operations.

[0148] The XR system 100 can similarly use commands to control a state/operation of any
other type of computing device 150, such as for example, a smart speaker, a smart television,
a smart lock, a smart refrigerator, a smart camera, a smart wearable device, a smart security
system, a smart thermostat, a smart sensor, a smart fitness/health tracker, a smart hub, a smart

switch (e.g., a smart light switch, etc.), a smart appliance, a smart plug, a television, etc.

[0149] FIG. 8 is a flowchart illustrating an example process 800 for localizing and mapping
a connected or networked device (e.g., a smart device such as computing device 150). At block
802, the process 800 can include receiving, by an electronic device (e.g., XR system 100), an
identification output from a connected device (e.g., computing device 150) that is coupled
directly or indirectly to the electronic device. In some cases, the identification output can be
reflected or encoded in a radio signal from the connected device. In some examples, the
identification output can include an audio pattern, a display pattern, a light pattern, a radio
pattern, and/or a combination thereof. For example, the identification output can include a
pattern of light levels (e.g., a pattern of dimming and brightening light levels), a pattern of color
temperature changes, a pattern of sound (e.g., noise, music, Morse code, a sequence of tones,

etc.), a pattern or code encoded in a wireless signal (e.g., a Bluetooth signal, WiFi signal, etc.),
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adisplay pattern (e.g., an image, a quick response (QR) code, a barcode, one or more displayed
characters/symbols, a digital content item, a digital object, a video, virtual content, a digital

rendering, a graphic, a communication code etc.), a combination thereof, etc.

[0150] Insome cases, the light pattern can include a pattern of light dimming and brightening
levels emitted by the electronic device, a pattern of color temperature changes of light emitted
by the electronic device, and/or a sequence of blinking light emitted by the electronic device.
In some cases, the light pattern can include light visible or invisible to the human eye. For
example, the light pattern can include IR light or a pattern of IR light. In some cases, the display
pattern can include a code (e.g., a QR code, abarcode, akey, etc.) displayed on a display device
of the electronic device, an image displayed on the display device of the electronic device, a
visual pattern displayed on the display device of the electronic device, and/or a digital object
displayed on the display device of the electronic device. In some cases, the audio pattern can
include an audio code output by the electronic device and/or a sequence of sounds output by
the electronic device. In some cases, a communication code can be generated from the

communication interface of the electronic device.

[0151] In some examples, the electronic device can trigger the identification output from the
connected device. In some cases, the electronic device can trigger the identification output
based on an identification trigger (e.g., identification trigger 204) sent to the connected device.
For example, the electronic device can send an identification trigger to the connected device to
trigger the identification output from the connected device. To illustrate, the electronic device
can send to the connected device a signal configured to trigger the identification output from
the connected device; and receive the identification output from the connected device. In some
cases, the electronic device can receive one or more identification outputs from a plurality of
identification outputs broadcasted by the connected device. The one or more identification

outputs can include the identification output.

[0152] In some aspects, receiving the identification output, can include detecting the
identification output from the connected device. In some examples, the electronic device can
detect the identification output using one or more sensors on the electronic device, such as an
image sensor(s), a light sensor, and/or an audio sensor(s). For example, the electronic device

can detect the identification output based on audio data of the identification output captured by
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an audio sensor at the electronic device. As another example, the electronic device can detect
the identification output based on image data of the identification output captured by an image

sensor at the electronic device.

[0153] At block 804, the process 800 can include mapping, based on the identification output
from the connected device, the connected device in a coordinate system of the electronic
device. In some examples, the electronic device can update a device map (e.g., device map

222) to identify a location of the connected device.

[0154] In some examples, the process 800 can include determining, based on the
identification output, a location of the connected device relative to the electronic device; and
mapping the connected device in the coordinate system of the electronic device based on the

location of the connected device.

[0155] In some examples, the process 800 can include sending, by the electronic device to
the connected device, a signal (e.g., a message, a packet, a command, an output, etc.)
configured to trigger an additional identification output from the connected device; based on a
failure to receive the additional identification output, sending, by the electronic device to the
connected device, one or more additional signals at one or more different times, the one or
more additional signals being configured to trigger the additional identification output from the
connected device; receiving the additional identification output from the connected device;
determining a location of the connected device based on the additional identification output;
and updating a device map (e.g., device map 222) to associate the connected device with the
location of the connected device. In some examples, the mapping of the connected device in
the coordinate system of the electronic device can include the updating of the device map to

associate the connected device with the location of the connected device.

[0156] In some cases, sending the one or more additional signals at one or more different
times can include determining the failure to receive the additional identification output while
the electronic device is within a threshold proximity to a previously-determined location (e.g.,
a mapped location) of the connected device and/or a previously-determined location (e.g., a
mapped location) of the connected device is within a field-of-view of an image sensor of the
electronic device; and sending the one or more additional signals to the connected device based

on the failure to receive the additional identification output.
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[0157] Insome examples, sending the one or more additional signals at one or more different
times can include sending the one or more additional signals periodically until a predetermined
amount of time lapses without receiving the additional identification output from the connected
device and/or a number of additional signals are sent without receiving the additional

identification output from the connected device.

[0158] In some examples, receiving the identification output from the connected device can
include detecting the one or more patterns (e.g., an audio pattern, a display pattern, a pattern in
a radio signal, and/or a light pattern) in the identification output and recognizing the one or
more patterns as the identification output from the connected device. In some cases, the
electronic device can detect the one or more patterns based on data from one or more sensors
of the electronic device; and recognize the one or more patterns (e.g., an audio pattern, a display
pattern, a pattern in a radio signal, and/or a light pattern) as the identification output. In some
examples, the one or more sensors can include an image sensor(s), an audio sensor(s), and/or
a light sensor(s). In some cases, the electronic device can recognize the one or more pattemns
(e.g., the audio pattern, the display pattern, the pattern in the radio signal, and/or the light

pattern) using a neural network, visual feature matching, and/or audio feature matching.

[0159] Insome examples, the process 800 can include receiving a request to trigger an action
(e.g.. adjust a state, perform an operation, implement a setting, etc.) of the connected device;
identifying a location of the connected device based on the mapping of the connected device;
and sending, by the electronic device to the connected device, a command configured to trigger
the action by the connected device. In some examples, the request to trigger the action by the
connected device can include a request to send to the electronic device a video feed captured
by the connected device, and the process 800 can include sending the command to the
connected device; receiving the video feed from the connected device; and displaying the video
feed at the electronic device. The command can be configured to trigger the connected device

to send the video feed to the electronic device.

[0160] In some examples, the request to trigger the action by the connected device can
include a request to trigger the connected device to display content from the electronic device
(e.g., virtual content or any other content rendered by the electronic device and/or generated

by the electronic device), and the process 800 can include sending, to the connected device,
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data including the command and the content from the electronic device. In some cases, the
command is configured to trigger the connected device to display the content from the

electronic device.

[0161] In some cases, the request to trigger the action by the connected device can include a
request to adjust a power mode of the connected device (e.g., tum on the connected device,
turn off the connected device, set the connected device to a sleep state, reduce or increase a
power or operating mode of the connected device, etc.), and the command can be configured

to adjust the power mode of the connected device.

[0162] In some examples, the connected device can include a light bulb, and the request to
trigger the action by the connected device can include a request to adjust a brightness and/or a
color of light emitted by the light bulb. In some cases, the command is configured to trigger
the light bulb to adjust the brightness and/or the color of light emitted by the light bulb.

[0163] In some examples, the process 800 can include detecting a gesture by a user
associated with the electronic device; based on the gesture, triggering one or more
identification outputs from one or more connected devices in a physical environment; receiving
a particular identification output from the one or more identification outputs; and determining
the connected device is located at the location based on the particular identification output. In
some examples, the gesture can indicate a location of the connected device. In some examples,
the particular identification output originates from the location. In some examples, the process
800 can include updating a device map to associate the connected device with the location of
the connected device. In some examples, the gesture can include a hand gesture, an eye gaze,
a head pose, pointing a finger, positioning the connected device within a FOV of the electronic

device, touching the connected device, and/or any other gesture.

[0164] In some examples, the process 800 can include triggering one or more connected
devices to enter a mapping mode; sending, to the one or more connected devices, a device
identification output; receiving localization information from the one or more connected
devices; and based on the localization information from the one or more connected devices,
mapping the one or more connected devices in the coordinate system of the electronic device.
In some cases, the localization information can indicate a location of the one or more connected

devices relative to the electronic device.
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[0165] In some examples, the process 800 can include triggering one or more connected
devices to enter a mapping mode; receiving localization information from the one or more
connected devices; determining a second location of the one or more connected devices based
on the localization information and a third location of the landmark relative to the electronic
device; and mapping the one or more connected devices in the coordinate system of the
electronic device based on the second location of the one or more connected devices. In some
cases, the localization information can indicate a first location of a landmark relative to the

connected device.

[0166] In some examples, the process 800 may be performed by one or more computing
devices or apparatuses. In one illustrative example, the process 800 can be performed by the
XR system 100 shown in FIG. 1. In some examples, the process 800 can be performed by one
or more computing devices with the computing device architecture 900 shown in FIG. 9. In
some cases, such a computing device or apparatus may include a processor, microprocessor,
microcomputer, or other component of a device that is configured to carry out the steps of the
process 800. In some examples, such computing device or apparatus may include one or more
sensors configured to capture image data and/or other sensor measurements. For example, the
computing device can include a smartphone, a head-mounted display, a mobile device, or other
suitable device. In some examples, such computing device or apparatus may include a camera
configured to capture one or more images or videos. In some cases, such computing device
may include a display for displaying images. In some examples, the one or more sensors and/or
camera are separate from the computing device, in which case the computing device receives
the sensed data. Such computing device may further include a network interface configured to

communicate data.

[0167] The components of the computing device can be implemented in circuitry. For
example, the components can include and/or can be implemented using electronic circuits or
other electronic hardware, which can include one or more programmable electronic circuits
(e.g., microprocessors, graphics processing units (GPUs), digital signal processors (DSPs),
central processing units (CPUs), and/or other suitable electronic circuits), and/or can include
and/or be implemented using computer software, firmware, or any combination thereof, to
perform the various operations described herein. The computing device may further include a

display (as an example of the output device or in addition to the output device), a network
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interface configured to communicate and/or receive the data, any combination thereof, and/or
other component(s). The network interface may be configured to communicate and/or receive

Internet Protocol (IP) based data or other type of data.

[0168] The process 800 is illustrated as logical flow diagrams, the operations of which
represent sequences of operations that can be implemented in hardware, computer instructions,
or a combination thereof. In the context of computer instructions, the operations represent
computer-executable instructions stored on one or more computer-readable storage media that,
when executed by one or more processors, perform the recited operations. Generally,
computer-executable instructions include routines, programs, objects, components, data
structures, and the like that perform particular functions or implement particular data types.
The order in which the operations are described is not intended to be construed as a limitation,
and any number of the described operations can be combined in any order and/or in parallel to

implement the processes.

[0169] Additionally, the process 800 may be performed under the control of one or more
computer systems configured with executable instructions and may be implemented as code
(e.g.., executable instructions, one or more computer programs, or one or more applications)
executing collectively on one or more processors, by hardware, or combinations thereof. As
noted above, the code may be stored on a computer-readable or machine-readable storage
medium, for example, in the form of a computer program comprising a plurality of instructions
executable by one or more processors. The computer-readable or machine-readable storage

medium may be non-transitory.

[0170] FIG. 9 illustrates an example computing device architecture 900 of an example
computing device which can implement various techniques described herein. For example, the
computing device architecture 900 can implement at least some portions of the XR system 100
shown in FIG. 1 or the computing device 150 shown in FIG. 1. The components of the
computing device architecture 900 are shown in electrical communication with each other
using a connection 905, such as a bus. The example computing device architecture 900 includes
a processing unit (CPU or processor) 910 and a computing device connection 905 that couples
various computing device components including the computing device memory 915, such as

read only memory (ROM) 920 and random access memory (RAM) 925, to the processor 910.
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[0171] The computing device architecture 900 can include a cache of high-speed memory
connected directly with, in close proximity to, or integrated as part of the processor 910. The
computing device architecture 900 can copy data from the memory 915 and/or the storage
device 930 to the cache 912 for quick access by the processor 910. In this way, the cache can
provide a performance boost that avoids processor 910 delays while waiting for data. These
and other modules can control or be configured to control the processor 910 to perform various
actions. Other computing device memory 915 may be available for use as well. The memory
915 can include multiple different types of memory with different performance characteristics.
The processor 910 can include any general-purpose processor and a hardware or software
service stored in storage device 930 and configured to control the processor 910 as well as a
special-purpose processor where software instructions are incorporated into the processor
design. The processor 910 may be a self-contained system, containing multiple cores or
processors, a bus, memory controller, cache, etc. A multi-core processor may be symmetric or

asymmetric.

[0172] To enable user interaction with the computing device architecture 900, an input
device 945 can represent any number of input mechanisms, such as a microphone for speech,
a touch-sensitive screen for gesture or graphical input, keyboard, mouse, motion input, speech
and so forth. An output device 935 can also be one or more of a number of output mechanisms
known to those of skill in the art, such as a display, projector, television, speaker device. In
some instances, multimodal computing devices can enable a user to provide multiple types of
input to communicate with the computing device architecture 900. The communication
interface 940 can generally govern and manage the user input and computing device output.
There is no restriction on operating on any particular hardware arrangement and therefore the
basic features here may easily be substituted for improved hardware or firmware arrangements

as they are developed.

[0173] Storage device 930 is a non-volatile memory and can be a hard disk or other types of
computer readable media which can store data that are accessible by a computer, such as
magnetic cassettes, flash memory cards, solid state memory devices, digital versatile disks,
cartridges, random access memories (RAMs) 925, read only memory (ROM) 920, and hybrids
thereof. The storage device 930 can include software, code, firmware, etc., for controlling the

processor 910. Other hardware or software modules are contemplated. The storage device 930
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can be connected to the computing device connection 905. In one aspect, a hardware module
that performs a particular function can include the software component stored in a computer-
readable medium in connection with the necessary hardware components, such as the processor

910, connection 905, output device 935, and so forth, to carry out the function.

[0174] The term “computer-readable medium”™ includes, but is not limited to, portable or
non-portable storage devices, optical storage devices, and various other mediums capable of
storing, containing, or carrying instruction(s) and/or data. A computer-readable medium may
include a non-transitory medium in which data can be stored and that does not include carrier
waves and/or transitory electronic signals propagating wirelessly or over wired connections.
Examples of a non-transitory medium may include, but are not limited to, a magnetic disk or
tape, optical storage media such as compact disk (CD) or digital versatile disk (DVD), flash
memory, memory or memory devices. A computer-readable medium may have stored thereon
code and/or machine-executable instructions that may represent a procedure, a function, a
subprogram, a program, a routine, a subroutine, a module, a software package, a class, or any
combination of instructions, data structures, or program statements. A code segment may be
coupled to another code segment or a hardware circuit by passing and/or receiving information,
data, arguments, parameters, or memory contents. Information, arguments, parameters, data,
etc. may be passed, forwarded, or transmitted via any suitable means including memory

sharing, message passing, token passing, network transmission, or the like.

[0175] In some embodiments the computer-readable storage devices, mediums, and
memories can include a cable or wireless signal containing a bit stream and the like. However,
when mentioned, non-transitory computer-readable storage media expressly exclude media

such as energy, carrier signals, electromagnetic waves, and signals per se.

[0176] Specific details are provided in the description above to provide a thorough
understanding of the embodiments and examples provided herein. However, it will be
understood by one of ordinary skill in the art that the embodiments may be practiced without
these specific details. For clarity of explanation, in some instances the present technology may
be presented as including individual functional blocks comprising devices, device components,
steps or routines in a method embodied in software, or combinations of hardware and software.

Additional components may be used other than those shown in the figures and/or described
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herein. For example, circuits, systems, networks, processes, and other components may be
shown as components in block diagram form in order not to obscure the embodiments in
unnecessary detail. In other instances, well-known circuits, processes, algorithms, structures,
and techniques may be shown without unnecessary detail in order to avoid obscuring the

embodiments.

[0177] Individual embodiments may be described above as a process or method which is
depicted as a flowchart, a flow diagram, a data flow diagram, a structure diagram, or a block
diagram. Although a flowchart may describe the operations as a sequential process, many of
the operations can be performed in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process is terminated when its operations are completed, but
could have additional steps not included in a figure. A process may correspond to a method, a
function, a procedure, a subroutine, a subprogram, etc. When a process corresponds to a
function, its termination can correspond to a return of the function to the calling function or the

main function.

[0178] Processes and methods according to the above-described examples can be
implemented using computer-executable instructions that are stored or otherwise available
from computer-readable media. Such instructions can include, for example, instructions and
data which cause or otherwise configure a general-purpose computer, special purpose
computer, or a processing device to perform a certain function or group of functions. Portions
of computer resources used can be accessible over a network. The computer executable
instructions may be, for example, binaries, intermediate format instructions such as assembly
language, firmware, source code. Examples of computer-readable media that may be used to
store instructions, information used, and/or information created during methods according to
described examples include magnetic or optical disks, flash memory, USB devices provided

with non-volatile memory, networked storage devices, and so on.

[0179] Devices implementing processes and methods according to these disclosures can
include hardware, software, firmware, middleware, microcode, hardware description
languages, or any combination thereof, and can take any of a variety of form factors. When
implemented in software, firmware, middleware, or microcode, the program code or code

segments to perform the necessary tasks (e.g., a computer-program product) may be stored in
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a computer-readable or machine-readable medium. A processor(s) may perform the necessary
tasks. Typical examples of form factors include laptops, smart phones, mobile phones, tablet
devices or other small form factor personal computers, personal digital assistants, rackmount
devices, standalone devices, and so on. Functionality described herein also can be embodied in
peripherals or add-in cards. Such functionality can also be implemented on a circuit board
among different chips or different processes executing in a single device, by way of further

example.

[0180] The instructions, media for conveying such instructions, computing resources for
executing them, and other structures for supporting such computing resources are example

means for providing the functions described in the disclosure.

[0181] In the foregoing description, aspects of the application are described with reference
to specific embodiments thereof, but those skilled in the art will recognize that the application
is not limited thereto. Thus, while illustrative embodiments of the application have been
described in detail herein, it is to be understood that the inventive concepts may be otherwise
variously embodied and employed, and that the appended claims are intended to be construed
to include such variations, except as limited by the prior art. Various features and aspects of
the above-described application may be used individually or jointly. Further, embodiments can
be utilized in any number of environments and applications beyond those described herein
without departing from the broader spirit and scope of the specification. The specification and
drawings are, accordingly, to be regarded as illustrative rather than restrictive. For the purposes
of illustration, methods were described in a particular order. It should be appreciated that in

alternate embodiments, the methods may be performed in a different order than that described.

[0182] One of ordinary skill will appreciate that the less than (“<”) and greater than (“>"
symbols or terminology used herein can be replaced with less than or equal to (“<”) and greater
than or equal to (“=7) symbols, respectively, without departing from the scope of this

description.

[0183] Where components are described as being “configured to” perform certain operations,
such configuration can be accomplished, for example, by designing electronic circuits or other

hardware to perform the operation, by programming programmable electronic circuits (e.g.,
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microprocessors, or other suitable electronic circuits) to perform the operation, or any

combination thereof.

[0184] The phrase “coupled to” refers to any component that is physically connected to
another component either directly or indirectly, and/or any component that is in communication
with another component (e.g., connected to the other component over a wired or wireless

connection, and/or other suitable communication interface) either directly or indirectly.

[0185] Claim language or other language in the disclosure reciting “at least one of” a set
and/or “one or more” of a set indicates that one member of the set or multiple members of the
set (in any combination) satisfy the claim. For example, claim language reciting “at least one
of A and B” or “at least one of A or B” means A, B, or A and B. In another example, claim
language reciting “at least one of A, B, and C” or “at least one of A, B, or C” means A, B, C,
or A and B, or A and C, or B and C, or A and B and C. The language “at least one of” a set
and/or “one or more” of a set does not limit the set to the items listed in the set. For example,
claim language reciting “at least one of A and B” or “at least one of A or B” can mean A, B,

or A and B, and can additionally include items not listed in the set of A and B.

[0186] The various illustrative logical blocks, modules, circuits, and algorithm steps
described in connection with the examples disclosed herein may be implemented as electronic
hardware, computer software, firmware, or combinations thereof. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks, modules,
circuits, and steps have been described above generally in terms of their functionality. Whether
such functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the scope of

the present application.

[0187] The techniques described herein may also be implemented in electronic hardware,
computer software, firmware, or any combination thereof. Such techniques may be
implemented in any of a variety of devices such as general purposes computers, wireless
communication device handsets, or integrated circuit devices having multiple uses including

application in wireless communication device handsets and other devices. Any features
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described as modules or components may be implemented together in an integrated logic
device or separately as discrete but interoperable logic devices. If implemented in software, the
techniques may be realized at least in part by a computer-readable data storage medium
comprising program code including instructions that, when executed, performs one or more of
the methods, algorithms, and/or operations described above. The computer-readable data
storage medium may form part of a computer program product, which may include packaging
materials. The computer-readable medium may comprise memory or data storage media, such
as random access memory (RAM) such as synchronous dynamic random access memory
(SDRAM), read-only memory (ROM), non-volatile random access memory (NVRAM),
electrically erasable programmable read-only memory (EEPROM), FLASH memory, magnetic
or optical data storage media, and the like. The techniques additionally, or alternatively, may
be realized at least in part by a computer-readable communication medium that carries or
communicates program code in the form of instructions or data structures and that can be

accessed, read, and/or executed by a computer, such as propagated signals or waves.

[0188] The program code may be executed by a processor, which may include one or more
processors, such as one or more digital signal processors (DSPs), general purpose
microprocessors, an application specific integrated circuits (ASICs), field programmable logic
arrays (FPGASs), or other equivalent integrated or discrete logic circuitry. Such a processor may
be configured to perform any of the techniques described in this disclosure. A general-purpose
processor may be a microprocessor; but in the alternative, the processor may be any
conventional processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration. Accordingly, the term “processor,” as used
herein may refer to any of the foregoing structure, any combination of the foregoing structure,
or any other structure or apparatus suitable for implementation of the techniques described

herein.
[0189] [Illustrative examples of the disclosure include:

[0190] Aspect 1. An apparatus for localizing one or more devices, the apparatus comprising;

memory; and one or more processors coupled to the memory, the one or more processors being
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configured to: receive an identification output from a connected device that is coupled to the
apparatus, the identification output comprising at least one of an audio pattern, a display
pattern, and a light pattern; and based on the identification output from the connected device,

map the connected device in a coordinate system of the apparatus.

[0191] Aspect 2. The apparatus of Aspect 1, wherein the identification output comprises at

least one of an audio pattern, a display pattern, a light pattern, and a radio signal.

[0192] Aspect 3. The apparatus of any of Aspects 1 to 2, wherein the one or more processors
are configured to: determine a location of the connected device based on the identification
output; and based on the location of the connected device, map the connected device in the

coordinate system of the apparatus.

[0193] Aspect 4. The apparatus of any of Aspects 1 to 3, wherein the one or more processors
are configured to: send, to the connected device, a signal configured to trigger an additional
identification output from the connected device; to the connected device, one or more
additional signals at one or more different times, the one or more additional signals being
configured to trigger the additional identification output from the connected device; receive the
additional identification output from the connected device; and determine a location of the
connected device based on the additional identification output; wherein to map the connected
device in the coordinate system of the apparatus, the one or more processors are configured to
update a device map to associate the connected device with the location of the connected

device.

[0194] Aspect 5. The apparatus of any of Aspects 1 to 4, wherein, to send the one or more
additional signals at one or more different times, the one or more processors are configured to:
determine the failure to receive the additional identification output while at least one of the
apparatus is within a threshold proximity to a mapped location of the connected device and the
mapped location of the connected device is within a field-of-view of an image sensor of the
apparatus; and send the one or more additional signals to the connected device based on the

failure to receive the additional identification output.

[0195] Aspect 6. The apparatus of any of Aspects 1 to 5, wherein, to send the one or more
additional signals at one or more different times, the one or more processors are configured to

send the one or more additional signals periodically until at least one of a predetermined
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amount of time lapses without receiving the additional identification output from the connected
device and a number of additional signals is sent without receiving the additional identification

output from the connected device.

[0196] Aspect 7. The apparatus of any of Aspects 1 to 6, wherein, to receive the identification
output from the connected device, the one or more processors are configured to: detect one or
more patterns in the identification output based on data from one or more sensors of the
apparatus; and recognize the one or more patterns as the identification output from the

connected device.

[0197] Aspect 8. The apparatus of any of Aspects 1 to 7, wherein the one or more patterns

comprises an audio pattern and the one or more sensors comprise an audio sensor.

[0198] Aspect 9. The apparatus of any of Aspects 1 to 8, wherein the one or more patterns

comprises a display pattern and the one or more sensors comprise an image sensor.

[0199] Aspect 10. The apparatus of any of Aspects 1 to 9, wherein the one or more patterns

comprises a light pattern and the one or more sensors comprise a light sensor.

[0200] Aspect 11. The apparatus of any of Aspects 1 to 10, wherein, to recognize the one or
more patterns as the identification output from the connected device, the one or more
processors are configured to: recognize the one or more patterns as the identification output

using at least one of a neural network and feature matching.

[0201] Aspect 12. The apparatus of any of Aspects 1 to 11, wherein the one or more
processors are configured to: receive a request to trigger an action by the connected device;
identify a location of the connected device based on the mapping of the connected device; and
send, to the connected device, a command configured to trigger the action by the connected

device.

[0202] Aspect 13. The apparatus of any of Aspects 1 to 12, wherein the request to trigger the
action by the connected device comprises a request to send to the apparatus a video feed
captured by the connected device, and wherein the one or more processors are configured to:
send the command to the connected device, wherein the command is configured to trigger the
connected device to send the video feed to the apparatus; receive the video feed from the

connected device; and display the video feed at the apparatus.
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[0203] Aspect 14. The apparatus of any of Aspects 1 to 13, wherein the request to trigger the
action by the connected device comprises a request to trigger the connected device to display
content from the apparatus, and wherein to send the command to the connected device, the one
or more processors are configured to: send, to the connected device, data comprising the
command and the content from the apparatus, wherein the command is configured to trigger

the connected device to display the content from the apparatus.

[0204] Aspect 15. The apparatus of any of Aspects 1 to 14, wherein the request to trigger the
action by the connected device comprises a request to adjust a power mode of the connected
device, and wherein the command is configured to adjust the power mode of the connected

device.

[0205] Aspect 16. The apparatus of any of Aspects 1 to 15, wherein the connected device
comprises a light bulb, wherein the request to trigger the action by the connected device
comprises a request to adjust at least one of a brightness and a color of light emitted by the
light bulb, and wherein the command is configured to trigger the light bulb to adjust at least
one of the brightness and the color of light emitted by the light bulb.

[0206] Aspect 17. The apparatus of any of Aspects 1 to 16, wherein the one or more
processors are configured to: detect a gesture by a user associated with the apparatus, the
gesture indicating a location of the connected device; based on the gesture, trigger one or more
identification outputs from one or more connected devices in a physical environment; receive
a particular identification output from the one or more identification outputs, the particular
identification output originating from the location; and determine, based on the particular

identification output, that the connected device is located at the location.

[0207] Aspect 18. The apparatus of any of Aspects 1 to 17, wherein to map the connected
device in the coordinate system of the apparatus, the one or more processors are configured to:
update a device map to associate the connected device with the location of the connected

device.

[0208] Aspect 19. The apparatus of any of Aspects 1 to 18, wherein the gesture comprises at
least one of pointing to the one or more connected devices, touching the one or more connected
devices, positioning the one or more connected devices within a field-of-view of an image

sensor of the apparatus, a hand gesture, and an eye gaze.
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[0209] Aspect 20. The apparatus of any of Aspects 1 to 19, wherein the one or more
processors are configured to: receive a voice command by a user associated with the apparatus,
the voice command indicating a location of the connected device; based on the voice command,
trigger one or more identification outputs from one or more connected devices in a physical
environment; receive a particular identification output from the one or more identification
outputs, the particular identification output originating from the location; and determine, based

on the particular identification output, that the connected device is located at the location.

[0210] Aspect 21. The apparatus of any of Aspects 1 to 20, wherein the one or more
processors are configured to: trigger one or more connected devices to enter a mapping mode;
send, to the one or more connected devices, a device identification output; receive localization
information from the one or more connected devices, the localization information indicating a
location of the one or more connected devices relative to the apparatus; and based on the
localization information from the one or more connected devices, map the one or more

connected devices in the coordinate system of the apparatus.

[0211] Aspect 22. The apparatus of any of Aspects 1 to 21, wherein the one or more
processors are configured to: trigger one or more connected devices to enter a mapping mode;
receive localization information from the one or more connected devices, the localization
information indicating a first location of a landmark relative to the one or more connected
devices; determine a second location of the one or more connected devices based on the
localization information and a third location of the landmark relative to the apparatus; and map
the one or more connected devices in the coordinate system of the apparatus based on the

second location of the one or more connected devices.

[0212] Aspect 23. The apparatus of any of Aspects 1 to 22, wherein the identification output
comprises a light pattern, and wherein the light pattern comprises at least one of a pattern of
light dimming and brightening levels emitted by the apparatus, a pattern of color temperature
changes of light emitted by the apparatus, and a sequence of blinking light emitted by the

apparatus.

[0213] Aspect 24. The apparatus of any of Aspects 1 to 23, wherein the identification output
comprises a display pattern, and wherein the display pattern comprises at least one of a code

displayed on a display device of the apparatus, an image displayed on the display device of the
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apparatus, a visual pattern displayed on the display device of the apparatus, and a digital object
displayed on the display device of the apparatus.

[0214] Aspect 25. The apparatus of any of Aspects 1 to 24, wherein the identification output
comprises an audio pattern, and wherein the audio pattern comprises at least one of an audio

code output by the apparatus and a sequence of sounds output by the apparatus.

[0215] Aspect 26. The apparatus of any of Aspects 1 to 25, wherein the one or more
processors are configured to: send, to the connected device, a signal configured to trigger the
identification output from the connected device; and receive the identification output from the

connected device.

[0216] Aspect 27. The apparatus of any of Aspects 1 to 26, wherein, to receive the
identification output, the one or more processors are configured to: receive one or more
identification outputs from a plurality of identification outputs broadcasted by the connected

device, the one or more identification outputs comprising the identification output.

[0217] Aspect 28. The apparatus of any of Aspects 1 to 27, wherein the apparatus is an

extended reality device.

[0218] Aspect 29. The apparatus of any of Aspects 1 to 28, wherein the apparatus comprises

an extended reality device.

[0219] Aspect 30. The apparatus of any of Aspects 1 to 29, wherein the apparatus is a mobile

device.

[0220] Aspect 31. The apparatus of any of Aspects 1 to 30, wherein the apparatus comprises

a mobile device.

[0221] Aspect 32. The apparatus of any of Aspects 1 to 31, wherein the apparatus is at least

one of a display configured to display data and a camera configured to capture image data.

[0222] Aspect 33. The apparatus of any of Aspects 1 to 32, wherein the apparatus comprises
at least one of a display configured to display data and a camera configured to capture image

data.
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[0223] Aspect 34. The apparatus of any of Aspects 1 to 33, wherein the connected device is
at least one of a light bulb, a speaker, a television, a microphone, one or more sensors, a camera,

a thermostat, and a wearable device.

[0224] Aspect 35. The apparatus of any of Aspects 1 to 34, wherein the connected device
comprises at least one of a light bulb, a speaker, a television, a microphone, one or more

sensors, a camera, a thermostat, and a wearable device.

[0225] Aspect 36. The apparatus of any of Aspects 1 to 35, wherein the identification output

comprises a received radio signal.

[0226] Aspect 37. A method for localizing one or more devices, the method comprising:
receiving an identification output from a connected device that is coupled to an electronic
device; and based on the identification output from the connected device, mapping the

connected device in a coordinate system of the electronic device.

[0227] Aspect 38. The method of Aspect 37, wherein the identification output comprises at

least one of an audio pattern, a display pattern, a light pattern, and a radio signal.

[0228] Aspect 39. The method of any of Aspects 37 to 38, further comprising: determining
alocation of the connected device based on the identification output; and based on the location
of the connected device, mapping the connected device in the coordinate system of the

electronic device.

[0229] Aspect 40. The method of any of Aspects 37 to 39, further comprising: sending, to
the connected device, a signal configured to trigger an additional identification output from the
connected device; to the connected device, one or more additional signals at one or more
different times, the one or more additional signals being configured to trigger the additional
identification output from the connected device; receiving the additional identification output
from the connected device; and determining a location of the connected device based on the
additional identification output; wherein mapping the connected device in the coordinate
system of the electronic device comprises updating a device map to associate the connected

device with the location of the connected device.

[0230] Aspect 41. The method of any of Aspects 37 to 40, wherein sending the one or more

additional signals at one or more different times comprises: determining the failure to receive
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the additional identification output while at least one of the electronic device is within a
threshold proximity to a mapped location of the connected device and the mapped location of
the connected device is within a field-of-view of an image sensor of the electronic device; and
sending the one or more additional signals to the connected device based on the failure to

receive the additional identification output.

[0231] Aspect 42. The method of any of Aspects 37 to 41, wherein sending the one or more
additional signals at one or more different times comprises sending the one or more additional
signals periodically until at least one of a predetermined amount of time lapses without
receiving the additional identification output from the connected device and a number of
additional signals is sent without receiving the additional identification output from the

connected device.

[0232] Aspect 43. The method of any of Aspects 37 to 42, wherein receiving the
identification output from the connected device comprises: detecting one or more patterns in
the identification output based on data from one or more sensors of the electronic device; and

recognizing the one or more patterns as the identification output from the connected device.

[0233] Aspect 44. The method of any of Aspects 37 to 43, wherein the one or more patterns

comprises an audio pattern and the one or more sensors comprise an audio sensor.

[0234] Aspect 45. The method of any of Aspects 37 to 44, wherein the one or more patterns

comprises a display pattern and the one or more sensors comprise an image sensor.

[0235] Aspect 46. The method of any of Aspects 37 to 45, wherein the one or more patterns

comprises a light pattern and the one or more sensors comprise a light sensor.

[0236] Aspect 47. The method of any of Aspects 37 to 46, wherein recognizing the one or
more patterns as the identification output from the connected device comprises: recognizing
the one or more patterns as the identification output using at least one of a neural network and

feature matching.

[0237] Aspect 48. The method of any of Aspects 37 to 47, further comprising: receiving a
request to trigger an action by the connected device; identifying a location of the connected
device based on the mapping of the connected device; and sending, to the connected device, a

command configured to trigger the action by the connected device.
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[0238] Aspect 49. The method of any of Aspects 37 to 48, wherein the request to trigger the
action by the connected device comprises a request to send to the electronic device a video feed
captured by the connected device, the method further comprising: sending the command to the
connected device, wherein the command is configured to trigger the connected device to send
the video feed to the electronic device; receiving the video feed from the connected device; and

displaying the video feed at the electronic device.

[0239] Aspect 50. The method of any of Aspects 37 to 49, wherein the request to trigger the
action by the connected device comprises a request to trigger the connected device to display
content from the electronic device, and wherein sending the command to the connected device
comprises: sending, to the connected device, data comprising the command and the content
from the electronic device, wherein the command is configured to trigger the connected device

to display the content from the electronic device.

[0240] Aspect 51. The method of any of Aspects 37 to 50, wherein the request to trigger the
action by the connected device comprises a request to adjust a power mode of the connected
device, and wherein the command is configured to adjust the power mode of the connected

device.

[0241] Aspect 52. The method of any of Aspects 37 to 51, wherein the connected device
comprises a light bulb, wherein the request to trigger the action by the connected device
comprises a request to adjust at least one of a brightness and a color of light emitted by the
light bulb, and wherein the command is configured to trigger the light bulb to adjust at least
one of the brightness and the color of light emitted by the light bulb.

[0242] Aspect 53. The method of any of Aspects 37 to 52, further comprising: detecting a
gesture by a user associated with the electronic device, the gesture indicating a location of the
connected device; based on the gesture, triggering one or more identification outputs from one
or more connected devices in a physical environment; receiving a particular identification
output from the one or more identification outputs, the particular identification output
originating from the location; and determining, based on the particular identification output,

that the connected device is located at the location.
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[0243] Aspect 54. The method of any of Aspects 37 to 53, wherein mapping the connected
device in the coordinate system of the electronic device comprises: updating a device map to

associate the connected device with the location of the connected device.

[0244] Aspect 55. The method of any of Aspects 37 to 54, wherein the gesture comprises at
least one of pointing to the one or more connected devices, touching the one or more connected
devices, positioning the one or more connected devices within a field-of-view of an image

sensor of the electronic device, a hand gesture, and an eye gaze.

[0245] Aspect 56. The method of any of Aspects 37 to 55, further comprising: receiving a
voice command by a user associated with the electronic device, the voice command indicating
a location of the connected device; based on the voice command, triggering one or more
identification outputs from one or more connected devices in a physical environment; receiving
a particular identification output from the one or more identification outputs, the particular
identification output originating from the location; and determining, based on the particular

identification output, that the connected device is located at the location.

[0246] Aspect 57. The method of any of Aspects 37 to 56, further comprising: triggering one
or more connected devices to enter a mapping mode; sending, to the one or more connected
devices, a device identification output; receive localization information from the one or more
connected devices, the localization information indicating a location of the one or more
connected devices relative to the electronic device; and based on the localization information
from the one or more connected devices, mapping the one or more connected devices in the

coordinate system of the electronic device.

[0247] Aspect 58. The method of any of Aspects 37 to 57, further comprising: triggering one
or more connected devices to enter a mapping mode; receiving localization information from
the one or more connected devices, the localization information indicating a first location of a
landmark relative to the one or more connected devices; determining a second location of the
one or more connected devices based on the localization information and a third location of the
landmark relative to the electronic device; and mapping the one or more connected devices in
the coordinate system of the electronic device based on the second location of the one or more

connected devices.
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[0248] Aspect 59. The method of any of Aspects 37 to 58, wherein the identification output
comprises a light pattern, and wherein the light pattern comprises at least one of a pattern of
light dimming and brightening levels emitted by the electronic device, a pattern of color
temperature changes of light emitted by the electronic device, and a sequence of blinking light

emitted by the electronic device.

[0249] Aspect 60. The method of any of Aspects 37 to 59, wherein the identification output
comprises a display pattern, and wherein the display pattern comprises at least one of a code
displayed on a display device of the electronic device, an image displayed on the display device
of the electronic device, a visual pattern displayed on the display device of the electronic

device, and a digital object displayed on the display device of the electronic device.

[0250] Aspect 61. The method of any of Aspects 37 to 60, wherein the identification output
comprises an audio pattern, and wherein the audio pattern comprises at least one of an audio

code output by the electronic device and a sequence of sounds output by the electronic device.

[0251] Aspect 62. The method of any of Aspects 37 to 61, further comprising: sending, to
the connected device, a signal configured to trigger the identification output from the connected

device; and receiving the identification output from the connected device.

[0252] Aspect 63. The method of any of Aspects 37 to 62, wherein receiving the
identification output comprises: receiving one or more identification outputs from a plurality
of identification outputs broadcasted by the connected device, the one or more identification

outputs comprising the identification output.

[0253] Aspect 64. The method of any of Aspects 37 to 63, wherein the connected device is
at least one of a light bulb, a speaker, a television, a microphone, one or more sensors, a camera,

a thermostat, and a wearable device.

[0254] Aspect 65. The method of any of Aspects 37 to 64, wherein the connected device
comprises at least one of a light bulb, a speaker, a television, a microphone, one or more

sensors, a camera, a thermostat, and a wearable device.

[0255] Aspect 66. The method of any of Aspects 37 to 65, wherein the identification output

comprises a received radio signal.
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[0256] Aspect 67. The method of any of Aspects 37 to 66, wherein the electronic device is

or comprises an XR device.

[0257] Aspect 68. The method of any of Aspects 37 to 67, wherein the electronic device is

or comprises a mobile device.

[0258] Aspect 69. The method of any of Aspects 37 to 68, wherein the electronic device

comprises a camera.

[0259] Aspect 70. The method of any of Aspects 37 to 69, wherein the electronic device

comprises a display device.

[0260] Aspect 71. A non-transitory computer-readable medium having stored thereon
instructions which, when executed by one or more processors, cause the one or more processors

to perform a method according to any of Aspects 37 to 70.

[0261] Aspect 72. An apparatus comprising means for performing a method according to any

of Aspects 37 to 70.

[0262] Aspect 73. The apparatus of Aspect 72, wherein the apparatus is or comprises the

electronic device.

[0263] Aspect 74. The apparatus of any of Aspects 72 to 73, wherein the apparatus comprises

a mobile device.

[0264] Aspect 75. The apparatus of any of Aspects 72 to 74, wherein the apparatus comprises

a camera.

[0265] Aspect 76. The apparatus of any of Aspects 72 to 75, wherein the apparatus comprises

a display device.

[0266] Aspect 77. An apparatus for localizing one or more devices, the apparatus comprising:
memory; and one or more processors coupled to the memory, the one or more processors being
configured to: determine localization data for a connected device based on at least one of a first
identification output of the connected device, a second identification output of the apparatus,
action tracking data and a first joint localization information; and based on the determined

localization data, map the connected device in a coordinate system of the apparatus.
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[0267] Aspect 78. The apparatus of Aspect 77, wherein the identification output comprises

at least one of an audio pattern, a display pattern, and a light pattern.

[0268] Aspect 79. The apparatus of any of Aspects 77 to 78, wherein the one or more
processors are configured to determine the localization data for the connected device by:
detecting the first identification output from the connected device; and determining the

localization data based on the first localization information.

[0269] Aspect 80. The apparatus of any of Aspects 77 to 79, wherein the one or more
processors are configured to determine the localization data for the connected device by:
sending the second identification output to the connected device; receiving the localization
information from the connected device, the localization information indicating a location of the
connected devices relative to the apparatus; and determining the localization data based on the

localization information.

[0270] Aspect 81. The apparatus of any of Aspects 77 to 80, wherein the one or more
processors are configured to: determine tracking data for the apparatus; and determine the

localization data based on the tracking data and the action tracking data.

[0271] Aspect 82. The apparatus of any of Aspects 77 to 81, wherein the one or more
processors are configured to determine the localization data for the connected device by:
receiving the first joint localization information from the connected device, the first joint
localization information indicating a first location of a landmark relative to the connected
devices; determining a second joint localization information, the second joint localization
information indicating a second location of the landmark relative to the apparatus; and

determining the localization data based on the first and second joint localization information.

[0272] Aspect 83. The apparatus of any of Aspects 77 to 82, wherein the first joint
localization information includes a feature vector describing features of the landmark, and the
one or more processors are configured to use the feature vector to verify that the first joint

localization information corresponds to the landmark.

[0273] Aspect 84. The apparatus of any of Aspects 77 to 83, wherein the apparatus is or

comprises an XR device.
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[0274] Aspect 85. The apparatus of any of Aspects 77 to 84, wherein the apparatus is or

comprises a mobile device.

[0275] Aspect 86. A method for localizing one or more devices, the method comprising:
determining localization data for a connected device based on at least one of a first
identification output of the connected device, a second identification output of an electronic
device, action tracking data and a first joint localization information; and based on the
determined localization data, mapping the connected device in a coordinate system of the

electronic device.

[0276] Aspect 87. The method of Aspect 86, wherein the identification output comprises at

least one of an audio pattern, a display pattern, and a light pattern.

[0277] Aspect 88. The method of any of Aspects 86 to 87, further comprising determining
the localization data for the connected device by: detecting the first identification output from
the connected device; and determining the localization data based on the first localization

information.

[0278] Aspect 89. The method of any of Aspects 86 to 88, further comprising determining
the localization data for the connected device by: sending the second identification output to
the connected device; receiving the localization information from the connected device, the
localization information indicating a location of the connected devices relative to the electronic

device; and determining the localization data based on the localization information.

[0279] Aspect 90. The method of any of Aspects 86 to 89, further comprising determining
tracking data for the electronic device; and determining the localization data based on the

tracking data and the action tracking data.

[0280] Aspect 91. The method of any of Aspects 86 to 90, further comprising determining
the localization data for the connected device by: receiving the first joint localization
information from the connected device, the first joint localization information indicating a first
location of alandmark relative to the connected devices; determining a second joint localization
information, the second joint localization information indicating a second location of the
landmark relative to the electronic device; and determining the localization data based on the

first and second joint localization information.
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[0281] Aspect 92. The method of any of Aspects 86 to 91, wherein the first joint localization
information includes a feature vector describing features of the landmark, the method further
comprising using the feature vector to verify that the first joint localization information

corresponds to the landmark.

[0282] Aspect 93. The method of any of Aspects 86 to 92, wherein the electronic device is

or comprises an XR device.

[0283] Aspect 94. The method of any of Aspects 86 to 93, wherein the electronic device is

or comprises a mobile device.

[0284] Aspect 95. An apparatus comprising means for performing a method according to any
of Aspects 86 to 94.

[0285] Aspect 96. The apparatus of Aspect 95, wherein the apparatus is or comprises the

electronic device.

[0286] Aspect 97. A non-transitory computer-readable medium having stored thereon
instructions which, when executed by one or more processors, cause the one or more processors

to perform a method according to any of Aspects 86 to 94.

[0287] Aspect 98. The apparatus of any of Aspects 1 to 36, wherein the connected device is

coupled directly or indirectly to the apparatus.

[0288] Aspect 99. The method of any of Aspects 37 to 70, wherein the connected device is

coupled directly or indirectly to the electronic device.
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CLAIMS

WHAT IS CLAIMED IS:

1. An apparatus for localizing one or more devices, the apparatus comprising:
memory; and
one or more processors coupled to the memory, the one or more processors being
configured to:
receive an identification output from a connected device that is coupled to the
apparatus, the identification output comprising at least one of an audio pattern, a
display pattern, and a light pattern; and
based on the identification output from the connected device, map the

connected device in a coordinate system of the apparatus.

2. The apparatus of claim 1, wherein the one or more processors are configured to:
determine a location of the connected device based on the identification output; and
based on the location of the connected device, map the connected device in the

coordinate system of the apparatus.

3. The apparatus of claim 1, wherein the one or more processors are configured to:

send, to the connected device, a signal configured to trigger an additional
identification output from the connected device;

based on a failure to receive the additional identification output, send, to the
connected device, one or more additional signals at one or more different times, the one or
more additional signals being configured to trigger the additional identification output from
the connected device;

receive the additional identification output from the connected device; and

determine a location of the connected device based on the additional identification
output;

wherein to map the connected device in the coordinate system of the apparatus, the
one or more processors are configured to update a device map to associate the connected

device with the location of the connected device.
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4, The apparatus of claim 3, wherein, to send the one or more additional signals at one or
more different times, the one or more processors are configured to:

determine the failure to receive the additional identification output while at least one
of the apparatus is within a threshold proximity to a mapped location of the connected device
and the mapped location of the connected device is within a field-of-view of an image sensor
of the apparatus; and

send the one or more additional signals to the connected device based on the failure to

receive the additional identification output.

5. The apparatus of claim 3, wherein, to send the one or more additional signals at one or
more different times, the one or more processors are configured to send the one or more
additional signals periodically until at least one of a predetermined amount of time lapses
without receiving the additional identification output from the connected device and a
number of additional signals is sent without receiving the additional identification output

from the connected device.

6. The apparatus of claim 1, wherein, to receive the identification output from the
connected device, the one or more processors are configured to:

detect one or more patterns in the identification output based on data from one or
more sensors of the apparatus; and

recognize the one or more patterns as the identification output from the connected

device.

7. The apparatus of claim 6, wherein the one or more patterns comprises the audio

pattern and the one or more sensors comprise an audio sensor.

8. The apparatus of claim 6, wherein the one or more patterns comprises the display

pattern and the one or more sensors comprise an image Sensor.
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9. The apparatus of claim 6, wherein the one or more patterns comprises the light pattern

and the one or more sensors comprise a light sensor.

10.  The apparatus of claim 6, wherein, to recognize the one or more patterns as the
identification output from the connected device, the one or more processors are configured to:
recognize the one or more patterns as the identification output using at least one of a

neural network and feature matching.

11.  The apparatus of claim 1, wherein the one or more processors are configured to:
receive a request to trigger an action by the connected device;
identify alocation of the connected device based on the mapping of the connected
device; and
send, to the connected device, a command configured to trigger the action by the

connected device.

12. The apparatus of claim 11, wherein the request to trigger the action by the connected
device comprises a request to send to the apparatus a video feed captured by the connected
device, and wherein the one or more processors are configured to:

send the command to the connected device, wherein the command is configured to
trigger the connected device to send the video feed to the apparatus;

receive the video feed from the connected device; and

display the video feed at the apparatus.

13. The apparatus of claim 11, wherein the request to trigger the action by the connected
device comprises a request to trigger the connected device to display content from the
apparatus, and wherein to send the command to the connected device, the one or more
processors are configured to:

send, to the connected device, data comprising the command and the content from the
apparatus, wherein the command is configured to trigger the connected device to display the

content from the apparatus.
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14. The apparatus of claim 11, wherein the request to trigger the action by the connected
device comprises a request to adjust a power mode of the connected device, and wherein the

command is configured to adjust the power mode of the connected device.

15.  The apparatus of claim 11, wherein the connected device comprises a light bulb,
wherein the request to trigger the action by the connected device comprises a request to
adjust at least one of a brightness and a color of light emitted by the light bulb, and wherein
the command is configured to trigger the light bulb to adjust at least one of the brightness and
the color of light emitted by the light bulb.

16.  The apparatus of claim 1, wherein the one or more processors are configured to:

detect a gesture by a user associated with the apparatus, the gesture indicating a
location of the connected device;

based on the gesture, trigger one or more identification outputs from one or more
connected devices in a physical environment;

receive a particular identification output from the one or more identification outputs,
the particular identification output originating from the location; and

determine, based on the particular identification output, that the connected device is

located at the location.

17.  The apparatus of claim 16, wherein to map the connected device in the coordinate
system of the apparatus, the one or more processors are configured to:
update a device map to associate the connected device with the location of the

connected device.

18.  The apparatus of claim 1, wherein the one or more processors are configured to:
trigger one or more connected devices to enter a mapping mode;
send, to the one or more connected devices, a device identification output;
receive localization information from the one or more connected devices, the
localization information indicating a location of the one or more connected devices relative to

the apparatus; and
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based on the localization information from the one or more connected devices, map

the one or more connected devices in the coordinate system of the apparatus.

19.  The apparatus of claim 1, wherein the one or more processors are configured to:
trigger one or more connected devices to enter a mapping mode;
receive localization information from the one or more connected devices, the
localization information indicating a first location of a landmark relative to the one or more
connected devices;
determine a second location of the one or more connected devices based on the
localization information and a third location of the landmark relative to the apparatus; and
map the one or more connected devices in the coordinate system of the apparatus

based on the second location of the one or more connected devices.

20. The apparatus of claim 1, wherein the light pattern comprises at least one of a pattern
of light dimming and brightening levels emitted by the apparatus, a pattern of color
temperature changes of light emitted by the apparatus, and a sequence of blinking light
emitted by the apparatus.

21. The apparatus of claim 1, wherein the display pattern comprises at least one of a code
displayed on a display device of the apparatus, an image displayed on the display device of
the apparatus, a visual pattern displayed on the display device of the apparatus, and a digital

object displayed on the display device of the apparatus.

22.  The apparatus of claim 1, wherein the audio pattern comprises at least one of an audio

code output by the apparatus and a sequence of sounds output by the apparatus.

23.  The apparatus of claim 1, wherein the one or more processors are configured to:
send, to the connected device, a signal configured to trigger the identification output
from the connected device; and

receive the identification output from the connected device.
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24.  The apparatus of claim 1, wherein, to receive the identification output, the one or
more processors are configured to:

receive one or more identification outputs from a plurality of identification outputs
broadcasted by the connected device, the one or more identification outputs comprising the

identification output.

25. The apparatus of claim 1, wherein the apparatus is an extended reality device.
26.  The apparatus of claim 1, wherein the apparatus is a mobile device.
27. The apparatus of claim 1, wherein the apparatus is at least one of a display configured

to display data and a camera configured to capture image data.

28.  The apparatus of claim 1, wherein the connected device is at least one of a light bulb,
a speaker, a television, a microphone, one or more sensors, a camera, a thermostat, and a

wearable device.

29. A method for localizing one or more devices, the method comprising:

receiving an identification output from a connected device that is coupled to an
electronic device, the identification output comprising at least one of an audio pattern, a
display pattern, and a light pattern; and

based on the identification output from the connected device, mapping the connected

device in a coordinate system of the electronic device.

30. The method of claim 29, further comprising:
determining a location of the connected device based on the identification output; and
based on the location of the connected device, mapping the connected device in the

coordinate system of the electronic device.

31. The method of claim 29, further comprising:
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sending, to the connected device, a signal configured to trigger an additional
identification output from the connected device;

based on a failure to receive the additional identification output, sending, to the
connected device, one or more additional signals at one or more different times, the one or
more additional signals being configured to trigger the additional identification output from
the connected device;

receiving the additional identification output from the connected device; and

determining a location of the connected device based on the additional identification
output;

wherein mapping the connected device in the coordinate system of the electronic
device comprises updating a device map to associate the connected device with the location

of the connected device.

32, The method of claim 31, wherein sending the one or more additional signals at one or
more different times comprises:

determining the failure to receive the additional identification output while at least one
of the electronic device is within a threshold proximity to a mapped location of the connected
device and the mapped location of the connected device is within a field-of-view of an image
sensor of the electronic device; and

sending the one or more additional signals to the connected device based on the

failure to receive the additional identification output.

33. The method of claim 31, wherein sending the one or more additional signals at one or
more different times comprises sending the one or more additional signals periodically until
at least one of a predetermined amount of time lapses without receiving the additional
identification output from the connected device and a number of additional signals is sent

without receiving the additional identification output from the connected device.

34, The method of claim 29, wherein receiving the identification output from the

connected device comprises:
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detecting at least one of the audio pattern, the display pattern, and the light pattern in
the identification output based on data from one or more sensors of the electronic device; and
recognizing the at least one of the audio pattern, the display pattern, and the light

pattern as the identification output from the connected device.

35. The method of claim 34, wherein recognizing the at least one of the audio pattern, the
display pattern, and the light pattern as the identification output from the connected device
comprises:

recognizing the at least one of the audio pattern, the display pattern, and the light
pattern as the identification output using at least one of a neural network and feature
matching, wherein the one or more sensors comprise at least one of an audio sensor, a light

sensor, and an image sensor.

36. The method of claim 29, further comprising:

receiving a request to trigger an action by the connected device;

identifying a location of the connected device based on the mapping of the connected
device; and

sending, to the connected device, a command configured to trigger the action by the

connected device.

37. The method of claim 36, wherein the request to trigger the action by the connected
device comprises a request to send to the electronic device a video feed captured by the
connected device, the method further comprising:

sending the command to the connected device, wherein the command is configured to
trigger the connected device to send the video feed to the electronic device;

receiving the video feed from the connected device; and

displaying the video feed at the electronic device.
38. The method of claim 36, wherein the request to trigger the action by the connected

device comprises a request to trigger the connected device to display content from the

electronic device, and wherein sending the command to the connected device comprises:
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sending, to the connected device, data comprising the command and the content from
the electronic device, wherein the command is configured to trigger the connected device to

display the content from the electronic device.

39. The method of claim 36, wherein the request to trigger the action by the connected
device comprises a request to adjust a power mode of the connected device, and wherein the

command is configured to adjust the power mode of the connected device.

40. The method of claim 29, further comprising:

detecting a gesture by a user associated with the electronic device, the gesture
indicating a location of the connected device;

based on the gesture, triggering one or more identification outputs from one or more
connected devices in a physical environment;

receiving a particular identification output from the one or more identification
outputs, the particular identification output originating from the location;

determining, based on the particular identification output, that the connected device is
located at the location; and

wherein mapping the connected device in the coordinate system of the electronic
device comprises updating a device map to associate the connected device with the location

of the connected device.

41. The method of claim 29, further comprising:

triggering one or more connected devices to enter a mapping mode;

sending, to the one or more connected devices, a device identification output;

receive localization information from the one or more connected devices, the
localization information indicating a location of the one or more connected devices relative to
the electronic device; and

based on the localization information from the one or more connected devices,

mapping the one or more connected devices in the coordinate system of the electronic device.

42, The method of claim 29, further comprising:
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triggering one or more connected devices to enter a mapping mode;

receiving localization information from the one or more connected devices, the
localization information indicating a first location of a landmark relative to the one or more
connected devices;

determining a second location of the one or more connected devices based on the
localization information and a third location of the landmark relative to the electronic device;
and

mapping the one or more connected devices in the coordinate system of the electronic

device based on the second location of the one or more connected devices.

43. The method of claim 29, further comprising:
sending, to the connected device, a signal configured to trigger the identification
output from the connected device; and

receiving the identification output from the connected device.

44, The method of claim 29, wherein receiving the identification output comprises:
receiving one or more identification outputs from a plurality of identification outputs
broadcasted by the connected device, the one or more identification outputs comprising the

identification output.
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