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LOCALIZING DEVICES IN AUGMENTED
REALITY ENVIRONMENT

BACKGROUND

Electronic devices may communicate with one another in
various manners and for various purposes. For example, one
device may identify and pair with one or more other devices
by establishing a connection with each of the other devices.
Once paired, the devices may perform any of a number of
functions, such as one device controlling another and/or
exchanging data between devices.

SUMMARY

Examples are disclosed herein that relate to identifying
and localizing devices in an environment via an augmented
reality display device. One example provides, on a portable
augmented reality computing device, a method including
establishing a coordinate frame for an environment, and
discovering, via a location-sensitive mnput device, a location
of a physical manifestation of the device in the environment.
The method further includes assigning a device location for
the device 1n the coordinate frame based upon the location
of the physical manifestation, and moditying an output of
the portable augmented reality computing device based upon
a change 1n relative position between the portable aug-
mented reality computing device and the physical manifes-
tation 1n the environment.

This Summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to i1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limait
the scope of the claimed subject matter. Furthermore, the
claimed subject matter 1s not limited to implementations that
solve any or all disadvantages noted in any part of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example use scenario for an augmented
reality display device.

FIG. 2 shows an example augmented reality image dis-
played via an augmented reality display device that avoids
visual occlusion of a physical manifestation of another
device.

FIG. 3 shows a block diagram illustrating an example
system comprising an augmented reality display device and
other devices 1n an environment.

FIG. 4 shows a flowchart 1llustrating an example method
of localizing devices in an environment.

FIG. 5 shows a block diagram of an example augmented
reality display system.

FIG. 6 shows a block diagram of an example computing
system.

DETAILED DESCRIPTION

Examples are disclosed herein that relate to automatic
identification and localization of devices 1n an environment
via physically detectable outputs corresponding to locations
of the devices. Brietly, devices in the environment may
output physical manifestations, e.g. lights, movements,
sounds, etc. that are detectable by an augmented reality
display device, for example by using on-board sensors. By
communicating with such devices in the environment, the
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augmented reality display device may instruct each device to
modulate a physical manifestation of the device, and then
detect the modulation of the physical manifestation. In this
manner, the augmented reality display device may determine
a device location for each detected device within the envi-
ronment. Localization of the devices in the environment
may help an augmented reality experience to be tailored to
the device locations. For example, an augmented reality
display device may modily an image being displayed to
avold occluding the physical manifestation 1n the environ-
ment. Other adaptations of an augmented reality experience
also may be made. For example, a user interface for a
controllable external device in the environment may be
displayed 1n proximity to the physical manifestation of the
device, and/or sounds output by the augmented reality
display device may be adapted to sound as 1f originating
from an external device that has been localized.

FIG. 1 shows an example use scenario 1n which a user 100
1s wearing an augmented reality display device 102. The
augmented reality display device 1s configured to mix virtual
imagery displayed within an augmented reality field of view
106 with a see-through view of a real-world environment
104. As such, the augmented reality display device 102
includes a see-through display system that allows the pre-
sentation of augmented reality imagery via the display of
virtual objects superimposed over the real-world environ-
ment 104.

To detect objects 1n the real-world environment 104, the
augmented reality display device 102 may include one or
more outward-facing image sensors configured to acquire
image data of the real-world environment 104. Examples of
such 1mage sensors include, but are not limited to, depth
sensor systems (e.g. time-of-flight and/or structured light
camera(s), as well as stereo camera systems), visible light
image sensors, and infrared image sensors. The augmented
reality display device 102 further may be configured to
establish a coordinate frame for the real-world environment
104 via the acquired image data. For example, the coordi-
nate frame may be established from a three-dimensional
mesh of the real-world environment 104 constructed from
depth data acquired via an on-board depth sensor (e.g. by
using a simultaneous localization and mapping method). In
other examples, the augmented reality display device may
obtain previously acquired and stored depth data of the
real-world environment 104, stored either locally or
remotely.

In the example of FI1G. 1, the real-world environment 104
includes a device 108 1n the form of a computing system
having a display screen 110. In some instances it may be
desired not to occlude the display screen 110 with aug-
mented reality imagery. Thus, the augmented reality display
device 102 may be configured to localize the display screen
110 by communicating with the device 108. Once localized,
the augmented reality display device 102 may adjust dis-
played augmented reality imagery to avoid occlusion of the
display screen 110. In some examples, the augmented reality
display device 102 may utilize image data analysis to
localize the display screen 110 and/or other objects of
interest 1n a coordinate frame of the augmented reality
display device 102.

In some examples, the augmented reality display device
102 may discover the presence, 1dentity and/or location of
the device 108 via acquired sensor data (e.g. 1image data,
audio data, etc.) 1 order to communicate with the device
108. In other examples, the augmented reality display device
102 may detect the device 108 via a wireless network, such

as via a WIFI or BLUETOOTH network (e.g. by a beacon-
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ing signal emitted by the device 108, or a response to a
beaconing signal emitted by the augmented reality display
device 102).

Once paired with the device 108 via the wireless network,
the augmented reality display device 102 may communicate
with the device 108 and instruct the device 108 to alter a
physical manifestation 1 a way that 1s detectable by a
location-sensitive input device of the augmented reality
display device 102. Examples of physical manifestations of
the device 108 that can be controlled to localize the device
in an environment include, but are not limited to, a display
output (e.g. turn the display on or ofl, display a specified
color, display a specified 1image, etc.) and an audio output
(c.g. display a specified tone detectable via a directional
microphone array).

Based on the detected location of the physical manifes-
tation, the augmented reality display device 102 assigns and
stores a device location for the device 108 within the
coordinate frame established by the augmented reality dis-
play device 102 for the real-world environment 104. As an
example, with regard to the display screen 110, the device
location may be stored as an area in the coordinate frame
occupied by the display screen 110 (e.g. as defined by the
tour corners of or perimeter of the display screen 110), or the
overall device 108 (e.g. as defined by a perimeter of the
device 108). The device location further may comprise
information regarding which side or sides of the manifes-
tation are not to be occluded. The stored device location may
then be taken into account when presenting augmented
reality eflects, such as avoiding visual occlusion of a real
world object. As other examples, the augmented reality
display device 102 may use the stored device location of the
device 108 to display user interface elements that corre-
spond to the stored device location, such as by positioning
a virtual notification located above or nearby the device 108.
Also, the augmented reality display device 102 may allow
the user 100 to interact with displayed virtual icons repre-
senting files stored on the augmented reality display device
102, such as to drag-and-drop files (e.g. by moving virtual
icons to a location over the real-world device) for transter to
the device 108 over the local area network.

Assigning the device 108 a location within the coordinate
frame of the real-world environment 104 further allows the
relative position of the device 108 and the augmented reality
display device 102 to be tracked as a wearer of the aug-
mented reality display device 102 moves about in the
real-world environment 104. This allows the augmented
reality display device 102 to modily its output based on a
change in relative position between the augmented reality
display device 102 and the physical manifestation of the
device 108, for example, to move and/or modily a shape of
a cutout region of a displayed virtual image to avoid
occluding the physical manifestation and/or other objects.

FIG. 2 shows the augmented reality display device 102
displaying virtual content (e.g. virtual terrain) superimposed
over the real-world environment 104 within an augmented
reality field of view 206, while avoiding occlusion of the
display screen 110 such that any image being displayed on
the display screen 110 may still be seen by the user 100.
With the location and orientation of the boundary in the
real-world environment 104 known, the augmented reality
display device 102 may render an augmented reality image
and remove a portion of the augmented reality 1mage that
corresponds to the size, shape and location of the display
screen 110 from the perspective of the wearer of the aug-
mented reality display device 102. As another example, the
augmented reality display device 102 may capture the
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4

appearance of the display screen 110 and re-render the
display screen 110 as part of the augmented reality image. In
cither instance, the user 100 may still view the display
output of the device 108 1in the environment 104 while also
viewing virtual content displayed by the augmented reality
display device 102. Various sensors on the augmented reality
display device 102, such as image sensors and/or inertial
motion sensors, may be used to track motion of the aug-
mented reality display device 102 1n the use environment,
and as such may be used to update the augmented reality
image based upon the tracking to continually avoid occlud-
ing the display screen 110.

It will be understood that the scenarios of FIG. 1 and FIG.
2 are presented for example and are not intended to be
limiting 1n any manner, and the augmented reality display
device 102 may i1dentily and localize any other suitable
devices in the environment. Examples include but are not
limited to mobile devices, display devices, speakers, smart
lights, printers, environmental systems (e.g. HVAC system
components), and other controllable computing devices.

The augmented reality display device 102 further may
include any other suitable location-sensitive input devices
than 1mage sensors, such as a directional microphone array
or other location-sensitive acoustic mput sensor. Addition-
ally, an augmented reality display device may take any other
suitable form than a head-mounted display device with a
see-through display. For example, an augmented reality
display device may be implemented as a virtual reality
head-mounted display with an opaque screen and an out-
ward-facing camera configured to display video from the
outward-facing camera composited with virtual 1magery.
Also, an augmented reality display device may take the form
of a non-wearable mobile display device configured to
display virtual content via a viewlinder mode, or a wearable
display device other than a head-mounted display device.

FIG. 3 shows a block diagram illustrating an example
augmented reality display system environment 300 includ-
ing an example augmented reality display device 301 and a
plurality of devices in the environment connected via a
network 320. The augmented reality display device 301
includes a see-through display device 302, and one or more
location-sensitive input devices 304. Examples of location-
sensitive mput devices 304 include, but are not limited to,
one or more 1mage sensor(s) 306 and/or a microphone array
308. The augmented reality display device 301 further
includes a motion sensor 310, such as an 1nertial measure-
ment unit having one or more accelerometers and/or one or
more gyroscopic sensors.

The augmented reality display device 301 may connect to
one or more devices, illustrated as device 1 312 through
device N 314. The illustrated devices 312, 314 may repre-
sent any suitable type of device. For example, one or more
of devices 312, 314 may comprise a desktop computer,
laptop computer, smart phone, tablet or other portable
device, smart appliance, peripheral device, smart device hub
(e.g. a controller configured to control plural smart devices,
such as lights, environmental systems, alarms, etc. in the
environment), and the like. Each of the devices may include
one or more controllable physical manifestations, as 1llus-
trated at physical manifestation 1 316 through physical
mamnifestation N 318 for device 1. Any suitable controllable
and detectable physical mamifestation may be used to local-
ize a device. Examples include, but are not limited to, light
outputs (e.g. display screens, status lamps/LEDs, light bulbs
of controllable smart lamps, electrochromic devices), as well
as speakers, motors, moving parts controlled by motors, and
other devices that make detectable noises. The network 320
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may represent any suitable communication network, includ-
ing but not limited to a computer network (local area and/or
wide area, wired, wireless, etc.), mobile phone network,
and/or other suitable communications network. The aug-
mented reality display device 301 may also connect to the
devices via direct connections, e.g. via BLUETOOTH. In
some examples, the augmented reality display device 301
may be configured to communicate with the devices via a
controller 322, such as a smart device hub or other comput-
ing device, in the environment 300.

FIG. 4 shows a flow diagram depicting an example
method 400 for identifying and localizing devices in an
environment via an augmented reality display device. At
402, the augmented reality display device may establish a
coordinate frame for the environment, such as via depth data
obtained from 1imaging the environment and/or from locally
or remotely stored depth data. The augmented reality display
device further may discover a presence of a device 1n the
environment over a network, at 404. Some devices may
provide a beaconing signal for discovery (e.g. a smart device
or smart device hub), or may respond to a beaconing signal
provided by the augmented reality display device. As such,
at 406, the augmented reality display device and the device
in the environment may connect to each other.

Continuing with method 400, after discovering the device,
the augmented reality display device instructs the device in
the environment to alter a physical manifestation, at 408.
The physical manifestation may be integrated into the device
itself (e.g. a display screen of a computing device), or may
take the form of an output physically separate from but
controlled by the device (e.g. a smart lamp controlled by a
smart device hub controller). As such, 1n some examples, the
augmented reality display device may directly communicate
with the device 1n the environment to instruct the device to
alter the physical manifestation. In other examples, the
augmented reality display device may communicate with the
device 1n the environment via another external device, such
as a controller that controls the device.

At 412, the device 1n the environment alters the physical
manifestation. The device may perform this process 1n any
suitable way that 1s detectable by a location sensitive input
device of the augmented reality display device. For example,
the physical manifestation may take the form of light
controlled by the device in the environment, at 414, that 1s
detectable by an image sensor of the augmented reality
display device. As described above with regard to FIG. 1 and
FIG. 2, such a physical manifestation may take the form of
content displayed on a display of a device in the environ-
ment. In some examples, the display may be separate from
the device itsell (e.g. a projector or monitor physically
separate from the device providing outputs), while in other
examples the display may be integrated with the device. In
other examples, the physical manifestation may be the
blinking of one or more lights emitted by a smart light, such
as a lamp or overhead light 1n the environment.

As another non-limiting example, the physical manifes-
tation may take the form of audio signals controlled by the
device, at 416. For instance, the augmented reality display
device may be configured to i1dentily and control a speaker
in the environment to emit one or more audio signals as a
physical manifestation, and detect the audio signals via a
microphone array. In another example, the device in the
environment may be any other electronic device that may
emit sounds, such as a printer, which when operating, emaits
printing sounds detectable by the augmented reality device.
In such an example, the augmented reality device may
instruct the printer to perform a function, e.g. print a piece
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of paper, and thus localize the printer within the environment
based on recognition of the printing sounds, as well as the
detection of printing actions via image data.

As yet another example, the physical manifestation may
further take the form of a motion of an object being
controlled by the device 1n the environment, at 418. For
example, the device may be part of an electronic system,
such as a remote control, switch, or similar for causing
motion of an object, such as a controllable curtain system or
fan. Thus, the augmented reality display device may direct
the device in the environment to turn on or to control a
motion of the object 1n a specific manner. It will be under-
stood that any other suitable physical manifestations may be
utilized, such as radio signals, barcodes, tags, etc.

At 420, the augmented reality display device may dis-
cover a location of the physical manifestation via a location-
sensitive mput device. Any suitable location-sensitive input
device may be used. For example, an image sensor may
detect light or motion as physical mamifestations, while a
microphone array may detect sound as physical manifesta-
tions. The augmented reality display device may further
coniirm discovery of the device 1in the environment with the
controller, at 422, and the controller may receive the con-
firmation, at 424. The augmented reality display device may
further assign and store a device location for the device 1n
the coordinate frame based upon the location of the physical
manifestation, at 426.

As mentioned above, the augmented reality display
device may utilize the location of the physical manifestation
as well as the device location to modily an output based on
a change 1n relative location between the augmented reality
display device and the physical manifestation of the device
in the environment, at 428. For example, the augmented
reality display device may be configured to output virtual
audio eflects as if originating from the location an 1dentified
and localized speaker. As another non-limiting example, the
output may be an augmented reality 1image, and modifying
the output may include modifying the augmented reality
image to avoild occluding the physical manifestation. Fur-
ther, the location of each physical manifestation with respect
to the augmented reality display device may be continually
tracked to update any such outputs. Other visual modifica-
tions may include visually augmenting the appearance of a
device and/or its physical manifestation.

The location of the physical manifestation and/or the
device 1n the environment also may be used as contextual
information 1n mterpreting user inputs. For example, 1n the
case ol a computer connected to multiple output devices,
such as multiple smart lights, a user interaction (e.g. eye
gaze location or gesture iput location) indicating a location
of the physical mamfestation may be detected as an input for
controlling a function of the computing device (e.g. where a
“turn on light” speech command 1s detected). As also
mentioned above, the location of the device and/or physical
manifestation may also be used as a reference location to
display virtual objects corresponding to the device location,
such as a virtual notification (e.g. a message recerved on the
computer, an alert that a printer 1s low on toner, etc.) or a
virtual control panel for the device (e.g. a virtual light switch
for a smart lamp). As yet another example, location infor-
mation may be used to mterpret potentially ambiguous voice
inputs.

It will be understood that all or some steps of method 400
may be repeated for identitying any additional devices
within the environment. In the case of detecting the presence
multiple devices 1n the environment, each device may be
instructed to alter a specified physical mamfestation, or to
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alter physical manifestations in a specified order, such that
the augmented reality display device can distinguish the
devices from each other. In some examples, the augmented
reality display device may individually 1dentity and localize
cach of multiple devices 1n an environment by instructing
cach device sequentially to alter their physical manifesta-
tions 1n the specified order. In other examples, a controller
that controls multiple devices may control an order 1n which
the devices manifest themselves, and communicate the order
to the augmented reality display device.

FIG. 5 shows a block diagram of an example augmented
reality display system 500. The augmented reality display
system 500 includes one or more lenses 502 that form a part
of a see-through display subsystem 504, such that images
may be displayed via lenses 302 (e.g. via projection onto
lenses 502, waveguide system(s) incorporated into lenses
502, and/or 1n any other suitable manner) while a real-world
background 1s viewable through the lenses 502. The aug-
mented reality display system 500 further includes one or
more outward-facing image sensors 506 configured to
acquire images of a real-world environment being viewed by
a user, and may include one or more microphones 508
configured to detect sounds, such as voice commands from
a user, ambient sounds, or sounds output as physical mani-
festations of devices in the environment. The outward-
facing 1mage sensors 306 may include one or more depth
sensor(s) and/or one or more two-dimensional i1mage
sensor(s) (e.g. RGB 1mage sensors). In other examples, the
augmented reality display system 500 may display video-
based augmented reality images via a viewlinder mode using,
data from an outward-facing image sensor, rather than via a
see-through display subsystem.

The display system 500 may further include a gaze
detection subsystem 510 configured to detect a gaze of a user
for detecting user input, for example, for interacting with
devices, physical manifestations thereolf, displayed virtual
objects, and/or for performing other computing device
actions. The gaze detection subsystem 310 may be config-
ured to determine gaze directions of each of a user’s eyes in
any suitable manner. For example, i the depicted embodi-
ment, the gaze detection subsystem 510 comprises one or
more glint sources 512, such as infrared light sources
configured to cause a glint of light to reflect from each
eyeball of a user, and one or more 1mage sensor(s) 314, such
as inward-facing sensors, configured to capture an image of
cach eyeball of the user. Changes 1n the glints from the
user’s eyeballs and/or a location of a user’s pupil as deter-
mined from 1mage data gathered via the image sensor(s) 514
may be used to determine a direction of gaze. The gaze
detection subsystem 510 may have any suitable number and
arrangement of light sources and image sensors. In other
examples, the gaze detection subsystem 510 may be omitted.

The display system 300 also may include additional
sensors, as mentioned above. For example, the display
system 3500 may 1include non-imaging sensor(s) 516,
examples of which may include but are not limited to an
accelerometer, a gyroscopic sensor, a global positioning
system (GPS) sensor, and an inertial measurement unit
(IMU). Such sensor(s) may help to determine the position,
location, and/or orientation of the display device within the
environment, which may help provide accurate tracking of
the display device with regard to the real-world environment
and locations of devices and/or physical mamifestations 1n
the environment. Such tracking, as mentioned above, may
be used to appropriately modily outputs 1n an augmented
reality setting, e.g. emitting virtual lights, sounds, objects,
notifications, user interface elements, etc.
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Motion sensors, as well as the microphone(s) 508 and the
gaze detection subsystem 510, also may be employed as user
input devices, such that a user may interact with the display
system 500 via gestures of the eye, neck and/or head, as well
as via verbal commands. It will be understood that sensors
illustrated i FIG. 5 are shown for the purpose of example
and are not mtended to be limiting in any manner, as any
other suitable sensors and/or combination of sensors may be
utilized.

Display system 300 further includes one or more
speaker(s) 318, for example, to provide audio outputs to a
user for user interactions. Display system 500 further
includes a controller 520 having a logic subsystem 522 and
a storage subsystem 524 1n communication with the sensors,
gaze detection subsystem 510, display subsystem 504, and/
or other components. Storage subsystem 524 comprises
istructions stored therecon that are executable by logic
subsystem 522, for example, to perform various tasks related
to the identification and localization of devices in the
environment, as disclosed herein. Logic subsystem 522
includes one or more physical devices configured to execute
instructions. The communication subsystem 526 may be
configured to communicatively couple the display system
500 with one or more other computing devices. Logic
subsystem 522, storage subsystem 524, and communication
subsystem 326 are described in more detail below 1n regard
to computing system 600.

The see-through display subsystem 504 may be used to
present a visual representation of data held by storage
subsystem 3524. This visual representation may take the form
of an augmented reality image and/or a graphical user
interface (GUI) comprising graphical user interface ele-
ments. As the herein described methods and processes
change the data held by the storage subsystem, and thus
transform the state of the storage subsystem. The state of
see-through display subsystem 504 may likewise be trans-
formed to visually represent changes in the underlying data.
The see-through display subsystem 504 may include one or
more display devices utilizing virtually any type of technol-
ogy. Such display devices may be combined with the logic
subsystem 522 and/or the storage subsystem 524 in a shared
enclosure, or such display devices may be peripheral display
devices.

It will be appreciated that the depicted display system 500
1s described for the purpose of example, and thus 1s not
meant to be limiting. It 1s to be further understood that the
display system may include additional and/or alternative
sensors, cameras, microphones, input devices, output
devices, etc. than those shown without departing from the
scope of this disclosure. For example, the display system
500 may be implemented as a virtual realty display system
rather than an augmented reality system. Additionally, the
physical configuration of a display device and 1ts various
sensors and subcomponents may take a variety of different
forms without departing from the scope of this disclosure.

In some embodiments, the methods and processes
described herein may be tied to a computing system of one
or more computing devices. In particular, such methods and
processes may be implemented as a computer-application
program or service, an application-programming interface
(API), a library, and/or other computer-program product.

FIG. 6 schematically shows a non-limiting embodiment
of a computing system 600 that can enact one or more of the
methods and processes described above. Computing system
600 1s shown in simplified form. Computing system 600
may take the form of one or more personal computers, server
computers, tablet computers, home-entertainment comput-
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ers, network computing devices, gaming devices, mobile
computing devices, mobile communication devices (e.g.,
smart phone), and/or other computing devices. For example,
computing system 600 may represent augmented reality
device 102, device 108, controller 322, or any suitable
device 1dentified by the augmented reality device in a
real-world environment.

Computing system 600 includes a logic subsystem 602
and a storage subsystem 604. Computing system 600 may
optionally include a display subsystem 606, input subsystem
608, communication subsystem 610, and/or other compo-
nents not shown 1n FIG. 6.

Logic subsystem 602 includes one or more physical
devices configured to execute instructions. For example, the
logic machine may be configured to execute instructions that
are part ol one or more applications, services, programs,
routines, libraries, objects, components, data structures, or
other logical constructs. Such instructions may be imple-
mented to perform a task, implement a data type, transform
the state of one or more components, achieve a technical
effect, or otherwise arrive at a desired result.

The logic subsystem 602 may include one or more
processors configured to execute software instructions.
Additionally or alternatively, the logic subsystem 602 may
include one or more hardware or firmware logic machines
configured to execute hardware or firmware instructions.
Processors of the logic subsystem 602 may be single-core or
multi-core, and the instructions executed thereon may be
configured for sequential, parallel, and/or distributed pro-
cessing. Individual components of the logic subsystem 602
optionally may be distributed among two or more separate
devices, which may be remotely located and/or configured
for coordinated processing. Aspects of the logic subsystem
602 may be virtualized and executed by remotely accessible,
networked computing devices configured in a cloud-com-
puting configuration.

Storage subsystem 604 includes one or more physical
devices configured to hold instructions executable by the
logic machine to implement the methods and processes
described herein. When such methods and processes are
implemented, the state of storage subsystem 604 may be
transformed—e.g., to hold diflerent data.

Storage subsystem 604 may include removable and/or
built-in devices. Storage subsystem 604 may include optical
memory (e.g., CD, DVD, HD-DVD, Blu-Ray Disc, etc.),
semiconductor memory (e g. RAM, EPROM, EEPROM,
etc.), and/or magnetic memory (e.g., hard-disk drive, tloppy-
disk drive, tape drive, MRAM, etc.), among others. Storage
subsystem 604 may include volatile, nonvolatile, dynamic,
static, read/write, read-only, random-access, sequential-ac-
cess, location-addressable, file-addressable, and/or content-
addressable devices.

It will be appreciated that storage subsystem 604 includes
one or more physical devices. However, aspects of the
instructions described herein alternatively may be propa-
gated by a communication medium (e.g., an electromagnetic
signal, an optical signal, etc.), as opposed to being stored on
a physical storage device.

Aspects of logic subsystem 602 and storage subsystem
604 may be integrated together into one or more hardware-
logic components. Such hardware-logic components may
include field-programmable gate arrays (FPGAs), program-
and application-specific integrated circuits (PASIC/ASICs),
program- and application-specific standard products (PSSP/
ASSPs), system-on-a-chip (SOC), and complex program-
mable logic devices (CPLDs), for example.
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The term “program™ may be used to describe an aspect of
computing system 600 implemented to perform a particular
function. In some cases, a program may be 1nstantiated via
logic subsystem 602 executing instructions held by storage
subsystem 604. It will be understood that different modules,
programs, and/or engines may be mstantiated from the same
application, service, code block, object, library, routine, API,
function, etc. Likewise, the same program may be instanti-
ated by different applications, services, code blocks, objects,
routines, APIs, functions, etc. The term “program” may
encompass individual or groups of executable files, data
files, libraries, drivers, scripts, database records, etc.

It will be appreciated that a “service,” as used herein, 1s
an application program executable across multiple user
sessions. A service may be available to one or more system
components, programs, and/or other services. In some
implementations, a service may run on one or more server-
computing devices.

When 1ncluded, display subsystem 606 may be used to
present a visual representation ol data held by storage
subsystem 604. This visual representation may take the form
of a graphical user interface (GUI). As the herein described
methods and processes change the data held by the storage
machine, and thus transform the state of the storage
machine, the state of display subsystem 606 may likewise be
transformed to visually represent changes in the underlying
data. Display subsystem 606 may include one or more
display devices utilizing virtually any type of technology.
Such display devices may be combined with logic subsys-
tem 602 and/or storage subsystem 604 1n a shared enclosure,
or such display devices may be peripheral display devices.

When included, mput subsystem 608 may comprise or
interface with one or more user-input devices such as a
keyboard, mouse, touch screen, or game controller. In some
embodiments, the mput subsystem may comprise or inter-
face with selected natural user mput (NUI) componentry.
Such componentry may be integrated or peripheral, and the
transduction and/or processing of input actions may be
handled on- or off-board. Example NUI componentry may
include a microphone for speech and/or voice recognition;
an infrared, color, stereoscopic, and/or depth camera for
machine vision and/or gesture recognition; a head tracker,
eye tracker, accelerometer, and/or gyroscope for motion
detection and/or intent recognition; as well as electric-field
sensing componentry for assessing brain activity.

When 1ncluded, communication subsystem 610 may be
configured to communicatively couple computing system
600 with one or more other computing devices. Communi-
cation subsystem 610 may include wired and/or wireless
communication devices compatible with one or more dii-
ferent communication protocols. As non-limiting examples,
the communication subsystem may be configured for com-
munication via a wireless telephone network, or a wired or
wireless local- or wide-area network. In some embodiments,
the communication subsystem may allow computing system
610 to send and/or receive messages to and/or from other
devices via a network such as the Internet.

Another example provides, on a portable augmented
reality computing device, a method comprising establishing
a coordinate frame for an environment, discovering, via a
location-sensitive mput device, a location of a physical
manifestation of a device in the environment, assigning a
device location for the device 1n the coordinate frame based
upon the location of the physical manifestation, storing the
device location, and modilying an output of the portable
augmented reality computing device based upon a change 1n
relative position between the portable augmented reality
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computing device and the device in environment. The loca-
tion-sensitive mput device may additionally or alternatively
include an 1mage sensor. The method may additionally or
alternatively include discovering the location of the physical
manifestation by detecting a light controlled by the device in
the environment. The method may additionally or alterna-
tively include discovering the location of the physical mani-
festation by detecting motion of an object controlled by the
device. The method may additionally or alternatively
include discovering the location of the physical manifesta-
tion by detecting a location of a display screen. The location-
sensitive mput device may additionally or alternatively
include a microphone array. The output may additionally or
alternatively be an augmented reality image, and modifying
the output of the portable augmented reality computing
device may additionally or alternatively include modifying
the augmented reality image to avoid occluding the physical
manifestation with the augmented reality image. The
method may additionally or alternatively include tracking
motion of the portable augmented reality computing device
and updating the augmented reality image based upon the
tracking to avoid occluding the physical manifestation.

Another example provides an augmented reality display
device, comprising a see-through display device, a location-
sensitive 1nput device, a logic device, and a storage device
comprising instructions executable by the logic device to
establish a coordinate frame for an environment based upon
data from the location-sensitive mput device, discover a
presence of a device 1n the environment, conduct commu-
nication with the device to direct the device to alter a
physical manifestation of the device in the environment,
detect, via the location-sensitive mput device, a location of
the physical manifestation based on an alteration of the
physical manifestation of the device in the environment,
assign a device location for the device 1n the coordinate
frame based upon the location of the physical manifestation,
store the device location, and modily an output of the
augmented reality display device based upon a change 1n
relative position between the augmented reality display
device and the physical mamifestation in the environment.
The location-sensitive input device may additionally or
alternatively include an image sensor. The physical mani-
festation may additionally or alternatively include a light
controlled by the device in the environment. The physical
manifestation may additionally or alternatively include a
motion of an object controlled by the device 1n the envi-
ronment. The physical manifestation may additionally or
alternatively include a display screen. The location-sensitive
input device may additionally or alternatively include a
microphone array. The output may additionally or alterna-
tively be an augmented reality image, and the instructions
may additionally or alternatively be executable to modify
the augmented reality image to avoid occluding the physical
manifestation with the augmented reality image. The aug-
mented reality display device may additionally or alterna-
tively include a motion sensor configured to track motion of
the augmented reality display device. The augmented reality
display device may additionally or alternatively be a head-
mounted display device.

Another example provides a computing device, compris-
ing a logic device, and a storage device comprising mstruc-
tions executable by the logic device to establish a connection
with a portable augmented reality display device, receive
instruction from the portable augmented reality display
device requesting the computing device to control each of a
plurality of devices 1n the environment to alter a physical
manifestation of the device 1n the environment, send to the
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portable augmented reality display device information
regarding a device address of each device in the environ-
ment, send instruction to a first device of the plurality of
devices 1n the environment to alter a physical manifestation
output by the first device, receive confirmation from the
portable augmented reality display device confirming dis-
covery of the first device, send instruction to a second device
of the plurality of devices 1in the environment to alter a
physical manifestation output by the second device, and
receive confirmation from the portable augmented reality
display device confirming discovery of the second device.
The mstructions may additionally or alternatively be execut-
able to control the plurality of devices in the environment to
alter the physical manifestations 1n a specified order. The
instructions may additionally or alternatively be executable
to receive a request from the portable augmented reality
display device for the device address of each device 1n the
environment 1n a specified order.

It will be understood that the configurations and/or
approaches described herein are exemplary in nature, and
that these specific embodiments or examples are not to be
considered 1n a limiting sense, because numerous variations
are possible. The specific routines or methods described
herein may represent one or more ol any number of pro-
cessing strategies. As such, various acts 1illustrated and/or
described may be performed in the sequence illustrated
and/or described, 1n other sequences, 1n parallel, or omitted.
Likewise, the order of the above-described processes may be
changed.

The subject matter of the present disclosure includes all
novel and nonobvious combinations and subcombinations of
the various processes, systems and configurations, and other
features, functions, acts, and/or properties disclosed herein,
as well as any and all equivalents thereof.

The mvention claimed 1s:

1. On a portable augmented reality computing device, a
method comprising:

establishing a coordinate frame for an environment;

discovering, via a location-sensitive input device, a loca-

tion of a physical manifestation of a device i the
environment;

assigning a device location for the device i the coordi-

nate frame based upon the location of the physical
manifestation;

moditying an augmented reality image displayed by the

portable augmented reality computing device based
upon a change in relative position between the portable
augmented reality computing device and the device 1n
the environment by modifying a portion of the aug-
mented reality image that corresponds to the device
location to reduce occlusion of a view of the device 1n
the environment by the augmented reality image.

2. The method of claim 1, wherein the location-sensitive
input device comprises one or more of an 1mage sensor and
a microphone array.

3. The method of claim 1, wherein discovering the loca-
tion of the physical manifestation comprises detecting a light
controlled by the device 1n the environment.

4. The method of claim 1, wherein discovering the loca-
tion of the physical mamfestation comprises detecting
motion of an object controlled by the device.

5. The method of claim 1, wherein discovering the loca-
tion of the physical manifestation comprises detecting a
location of a display screen.

6. The method of claim 1, further comprising discovering
the device on a wireless network.
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7. The method of claam 1, wherein the output 1s an
augmented reality image, and wherein modifying the output
of the portable augmented reality computing device com-
prises modifying the augmented reality image to avoid
occluding the physical manifestation with the augmented
reality 1mage.

8. The method of claim 7, further comprising tracking
motion of the portable augmented reality computing device
and updating the augmented reality image based upon the
tracking to avoid occluding the physical manifestation.

9. An augmented reality display device, comprising:

a see-through display device;

a location-sensitive mput device;

a logic device; and

a storage device comprising instructions executable by the

logic device to

establish a coordinate frame for an environment based
upon data from the location-sensitive input device,

conduct communication with a device to direct the
device to alter a physical manifestation of the device
in the environment, the physical manifestation being,
detectable by the location-sensitive mput device,

detect, via the location-sensitive mput device, a loca-
tion of the physical manifestation based on an altera-
tion of the physical manifestation of the device 1n the
environment,

assign a device location for the device 1n the coordinate
frame based upon the location of the physical mani-
festation, and

modily an output of the augmented reality display
device based upon a change in relative position
between the augmented reality display device and
the physical manifestation 1n the environment by
modifying a portion of an augmented reality 1mage
that corresponds to the device location to reduce
occlusion of a view of the device in the environment
by the augmented reality 1mage.

10. The augmented reality display device of claim 9,
wherein the location-sensitive input device comprises one or
more of an 1image sensor and a microphone array.

11. The augmented reality display device of claim 9,
wherein the physical manifestation comprises a light con-
trolled by the device 1n the environment.

12. The augmented reality display device of claim 9,
wherein the physical manifestation comprises a motion of an
object controlled by the device in the environment.

13. The augmented reality display device of claim 9,
wherein the physical manifestation comprises a display
screen.

14. The augmented reality display device of claim 9,
wherein the instructions are further executable to discover
the device on a wireless network.
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15. The augmented reality display device of claim 9,
wherein the output 1s an augmented reality image, and
wherein the istructions are executable to modily the aug-
mented reality image to avoid occluding the physical mani-
festation with the augmented reality image.

16. The augmented reality display device of claim 9,
further comprising a motion sensor configured to track
motion of the augmented reality display device.

17. The augmented reality display device of claim 9,
wherein the augmented reality display device comprises a
head-mounted display device.

18. A computing device, comprising:

a logic device; and

a storage device comprising mstructions executable by the

logic device to

establish a connection with a portable augmented real-
ity display device remote from the computing
device,

receive mstruction from the portable augmented reality
display device requesting the computing device to
control each of a plurality of devices in the environ-
ment to alter a physical mamfestation of the device
in the environment,

send to the portable augmented reality display device
information regarding a device address of each
device 1n the environment,

send istruction to a first device of the plurality of
devices 1n the environment to alter a physical mani-
festation output by the first device that 1s detectable
by a location-sensitive mput device of the portable
augmented reality display device,

receive confirmation from the portable augmented real-
ity display device confirming discovery of the first
device,

send 1struction to a second device of the plurality of
devices 1n the environment to alter a physical mani-
festation output by the second device that 1s detect-
able by the location-sensitive mput device of the
portable augmented reality display device, and

receive confirmation from the portable augmented real-
ity display device confirming discovery of the sec-
ond device.

19. The computing device of claim 18, wherein the
instructions are further executable to control the plurality of
devices 1n the environment to alter the physical manifesta-
tions 1n a specified order.

20. The computing device of claim 18, wherein the
istructions are executable to receive a request from the
portable augmented reality display device for the device
address of each device in the environment 1n a specified
order.
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